& KEMHE - FEHE #HY R U

FRA Japan Fisheries Research and Education Agency Institutional Repository

I F¥ 27 Z % Nemopilema
nomurai® $hEEE)IZ 4 5 5%

E:&: Japanese

HhRE: KEMR - BHEKE

2NFHE: 2024-10-02

F—7— K (Ja):

F—7— K (En): Acoustic camera; Diel vertical
migration; Pop-up archival transmiting tag; Ultrasonic
pinger; Underwater video camera

EEE: &%, EA

X=ILT7 KL AR:

il
https://fra.repo.nii.ac.jp/records/2010951

This work is licensed under a Creative Commons
Attribution 4.0 International License.



http://creativecommons.org/licenses/by/4.0/

KRR, 475, 119-177, FH30%E
Bull. Jap. Fish. Res. Edu. Agen,, No. 47, 119-177, 2018

B 119
IF¥ 2 5% Nemopilema nomurai DSSEBENZ T AR5

A% BEA*’

Studies on vertical migration of the giant jellyfish Nemopilema nomurai

Naoto HONDA **

Abstract: The giant jellyfish Nemopilema nomurai is a type of large Rhizostomeae outbreaking
mainly in the coastal waters of China. So far, it was rare for this species to appear in the
waters around Japan. But it has been frequent to appear in large quantities after 2002. Mass
appeared N, nomurai in the fishing grounds of Japan caused serious damage to various local
fisheries, such as damaging fishing nets and impeding fishing operations. To reduce the
damage of fishery, countermeasures such as prediction of the migration path of N. nomurai
and avoiding by-catch of the jellyfish have been studied. As basic knowledge for these studies,
information on swimming behavior and distribution depth of N. nomurai is important. However,
there was less historical findings about the distribution and behavioral ecology of N. nomurai.
And furthermore, no method for investigating behavior and distribution of N. rnomurai was
established. Therefore, I worked on development of various methods to investigate behavioral
ecology and elucidation of swimming behavior and distribution characteristics of N. nomurai
using these methods in this study. First, the situation and countermeasures of fishery damage
by N. nomurai were summarized, and clarified the problems in the survey to obtain the
knowledge necessary for countermeasures in Chapter 1. In the conventional method, water
tank experiments were commonly used to inVestigate behaviors of jellyfishes, and capture by
plankton-net was common to investigate the distribution of jellyfishes. However, it was difficult
to adapt such conventional research methods to the giant jellyfish. Therefore, newly devised
methods to investigate the behavior and distribution of N. nomurai and the results of the
investigations using these methods were described in this study.

Since the basic swimming ability of N. zomurai was not clear so far, the swimming speed
of N. nomurai which submerse in the sea were measured directly chasing by scuba diving in
Chapter 2. The speed of the individual with a bell size of 0.6 to 1.6 m was 0.03 to 0.1 ms'.. So
that relational expression, swimming speed (ms 1) = bell size (m) X 0.1/s, was obtained. The
swimming speed of individual with a large bell size of 1 to 1.5 m appearing in the autumn
season in the Japan Sea is about 0.1 to 0.15 ms?. Therefore, although their swimming ability
can proceed sufficiently against the weak flow in the sea, it is not enough to immigrate against
the ocean current.

A towed upward-looking underwater video camera system (TULCam) was developed for
quantitative survey to investigate giant jellyfish distribution in Chapter 3. TULCam is able to
observe jellyfish continuously and real-time with a video monitor on the boat connected through
an optical fiber cable. Sea trials for the giant jellyfish observation by TULCam were carried
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out on the Tsushima Strait in the Japan Sea. Area density of N. nomurai which were observed
by TULCam towed at a speed of 7 knots in a depth of 20 m were approximately 15 times
more than visual counting on board. The depth and bell size of the jellyfish was estimated on
the base of the towing speed and time duration in jellyfish image passing through the video
monitor frame. Average in bell size of jellyfishes estimated by TULCam were almost the same
as that of the jellyfishes caught by midwater trawl that was towed at the same area.

In Chapter 4, the vertical distribution of N. nomurai was investigated using a midwater trawl
net with an underwater video camera and depth loggers. The cod end of this midwater trawl
net was opened not to capture the giant jellyfish, because the giant jellyfish is too huge to
capture and their body is easy to choke in the mesh of the net. Operations of the midwater
trawl net made at approximately 100 km off the west coast of the Noto peninsula, in the
Japan Sea. Almost all N. nomurai were in the surface water shallower than approximately 40
m-depth, and the vertical distribution was depending on the time zone in the daytime.

In Chapter 5, the swimming depth of 12 individuals N. nomura: with bell diameters of 0.8
to 1.6 m were investigated using the electronic tags (pop-up archival transmitting tags and
ultrasonic pingers), and the validity of the research method was evaluated. The N, nomurai
frequently showed vertical migration, with the swimming depth ranging from 0 to 176 m,
the mean swimming depth of most individuals were less than 40 m. The swimming depths
of N. nomurai in the northern Japan Sea in the winter were mostly deeper than those of this
species in the southern Japan Sea in the autumn. This result suggests that the range of the
depths almost depends on the vertical structure of the ocean. Swimming depths during the
nighttime were significantly deeper than those during the daytime. More specifically, during
the daytime, the swimming depths in the afternoon tended to be shallower than those in the
morning, while during the nighttime, the swimming depth after midnight was deeper than
those before midnight. Most individuals were present at a water temperature of 14 °C or more
at 95% time.

In Chapter 6, an acoustic camera DIDSON that can be observed independently of illuminance
and transparency in water was devised to investigate the distribution of V. nomurai. At acoustic
frequency of 1.8 MHz, it was possible to distinguish N. nomurai in the shape up to a distance
with 12 m, and the bell size of jellyfish could be measured from the acoustic images. At acoustic
frequency of 1.1 MHz, it was possible to distinguish N. nomurai as individuals up to a distance
with 25 m. Frequency of 1.1 MHz, 20 m-visibility and vertically downward observation from
boat towing was effective setting for N. nomurai that was distributed in the Tsushima Strait in
summer season. As a result of the survey, the same pattern as the diurnal vertical migration
obtained by the electronic tags survey was confirmed.

In Chapter 7, the effect of the oceanic structure on the vertical migration and distribution
characteristics of N. nomurai clarified in the above studies was investigated. The vertical
distribution of N. nomura: tended to depend on the vertical density and temperature structure
of the seawater basically. In addition, by taking account of the factors of the diel vertical
migration and swimming ability of the jellyfish, a model for estimating the distribution depth of
N. nomurai from the vertical water temperature, time and bell size of the jellyfish was devised.
By this model, seasonal change of the vertical distribution of N. nomurai in the offshore area
of the Japan Sea could be reproduced almost exactly. And in Chapter 8, the survey methods
developed in this study were compared with the other survey methods to summarize merits
and demerits and clarify future issues.

Key words: Acoustic camera, Diel vertical migration, Pop-up archival transmitting tag,
Ultrasonic pinger, Underwater video camera
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IF ¥V 54 Nemopilema nomurai \IHIBLE
FgkMRO s SrECE Y 2 SR FEY 754
BICBTAERMO 57 THDI, TFEXYIFT5D
FIM 1ETH D05, RABEFIIRE LD OTEE
PR 2m b ETLMARAEDS 757 THS (TH,
1959 ; ZH , 2003) o

IFE V7 T AN EN A ENR R R B ER R I
THEAELTWREINTELDOD, FOREHIZDOW
TREEROPo TRk, LLENS, 2011
FIZHA L FEORFRFEIC L) FEIREORILIO
WNEDBRTZF X 7 STrONWETHDLITT 4T
MER SN, FENRREEAETHA L T A EE
HPHAET A EEFE L I o7 (Toyokawa et al,
2012), ®EIRFHEBE TIFEY 7 7 EL TV
BEWVIHIMZE RO o TR WL DD, /NHfE
RAHEICIRE SN D Z EH 5 (Iguchi et al, 2010),
FEBIZHAEERHE D EHEMINT WS,

EBZIIBILHATRETCOZTF LY 7 775D
SHAERICHE T 2HIEREATEY, BEOXH=X
LB LUEFERIMBIHEIN TS (Kawahara et al,
2006; Ohtsu et al, 2007; Ikeda et al, 2011), Fig. 1 125
L72&918, =F €Y7 7 OAEERIIE»S, YA
b, RV T EFCHRERE XL HmEHRL, =717,
2557, BAEDs 55 NEBAL TREAGEE %S
ARG END, 9~ 12 B EIZRAKD KD
SIOE, Wb S NZR LB, ik odEE IS
W7o XM RTIiRL, MKICERKTLIEEN
5o BEBHEOR) THIIBWTIE, BEOEREICE
ELTNEZ0FE I H» AMIZBH L v, =5
YO IFIEECS~6AETIZAMIE I AL T 4
SIZHREL, T74 5 LTHELLZBIKEL 28
L&A HY 754 (Medusa) & L CiFilELFEZ
%%

IFEY 7 40, BEIIERSELOMTERE
B2 D, 127201, WBRICL o THENSFKIZHITT
R EEL, ARBICRATLIHEAYHS (&
H, 2004), TNFTIZZFEY 7 T HHAREET
HEELTWLIRIITT s LRI TRV &
Mo, TFEY 7 T5OEERIIFAMISE L TR
LTWhBEEZOLND, 2O LMD, HARMERIZH

[Eggs] Fertilized
Sep: - Nov. ,»=*¥ eqg

+*" [Sperm] Planula
Adult Medusa
(Young polyp)
» Polypoid
: stage

Medusa Young Medusa

stage i \\ M/ /
(Giant jellyfish) \ / .~'A \\‘ {

Ephyra g Strobila ™
March - June

Fig.1. Life cycle of the giant jellyfish Nemopilema
nomurai.
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RS p3_CoxF ¥y 7 7571, BREE, T4b
LERTHE L TR SN D REDHRTDH 5,

1.1.2 BXBEICHUIITIFELI7S5OKRENHE

AFREICLT ¥ 7 7 7PHRTAEE, Ficdo
THRR1AAEEDOEIHEZELOD, TLALS
WTZDEMRIL 7 WA BB L ) H AR
WALT (K%, 2009 ; P6AY, 1959 ; A, 1961), *F
BERICI DI LL 285 ZHOBRIBICH LY
% (Uye, 2008), KEMBUC L 5 BBIERATLEKNS
WIS RALHE £ TOMRICBIT A LBEED
¥—27139~10 RoBEaH»E . (TH, 1959), =5
Yo7 5 rBREARBICRKREICHET 2EICE, ERE
ez @8 U CTRIERICECHAL, 3HIEZRERERESY
BALTU A TTAEICESTFRCECKEN ETL
TL b, £/z, BRWTRELFE CERBRHRELE
W, BEEEWZEICHEAL, 2 HEEI TEBHECK
VEMIIRO S AMVHRENLGEDH S (HAE
RAKEMEIT AR 2 5 7 5 web site: http://jsnfri.
fra.affrc.go.jp/Kurage/kurage_top.html, accessed
2016-6-1)

ChFTORGICLEE (TH, 1959; #H,
2003 ; FEAY, 1959 ; FEAT, 1961), H AR HMEEIZK
BOIFEY 7 77 HERINEZ, 20H#7FT
11958 - & 1995 FEDATH o720 LA LEDS, 21
AT A B &, 2002 ~ 2007 %, 2009 4 & H AL
BICRBICLFEY 7 P PUMHAT LI LR L %
D (BMOKEEMNSHRFBER, 2003 ;5 HAREXKED
LR, 2007 5 KEREGHIEL Y ¥ —, 2010), TDE
WKEFIERLZHEELS 2 TE&, AFIX, &E
W23 X7 55 Aurelia sp. T 5 7 F % Chrysaora
melanaoster XD T I FEMPRBICHEAT LI LI
IBMEHREIFRELLTCABIELS (E, 2005),
IFEY 7T TORENBAPER(LT A2 LB
LWMERREL LS o7

1.1.3 IFELISFICLDBERE

IFEY IR s 55 EE L CERIC
EXGhzET 5720, AEOKXEHHEINVEIETEIC
EZAEREBEIRE V., HABBICBI S F XYY
T L BMEREDOER LI EICET 25H
X, AL - FERICLAWERESICTLOONTVE (K
%, 2004 ; A% - LR, 2005 ; A% 5, 2005), HET
2, EEOEERFHESEE2NRICHMEREL 20N
KICETHT v — MAEVER I N TORETE

RizowT, REHBEIHEEE & ) HD 72 2003 412
B AMEREORE L PEMERE, BHERR, K
Bl ElZonwTEedbhiz, Z2OHRT, TFEV S
S L D EIRRICK & Do IERINEIC, EE
M, WAEE, W, TEMTHoL. WThOMER
WCHEAHER, BASOME, KBHREHOA
MHE, EECHEESC X 2EDOMERT, &
BB EIC TS ZEERH OMX, B3O HE~D
FRHECREFBHORE, KBTEEIZ X 5 HEND
BESLETHol. TFEY I X ORERBIZE
5 RBCHKBEWA L, FRO %MD 72D EXkR
BB ERMBABMT 5, FRICL > TEEED I
WHEFXRI T, T/, VEERFROMMIC X bk
YWOBEEAMET LAMD S S5IET§ 5 &) BRER
Wb, chonZ ehd, TFEY I FHIPEICK
BITRE L TIE, LIS HERSHZRLETE
LERBVIRRE LR ERERDPE L Ho o2 EBHE
Ehiz,

1.1.4 BEHFZTOBREIE

ik Lo ELZBRTA72012, UTIFEHTS X
I XRARE B L UEBINTE

1) BEHBICHIIMNE FIHEEIKEDPo2E
B BMEEIIB VLTI, B SR
REHT A ECHREINDALYDOIF B 255D
ARBEZ BRI SEBREM TNz, LrL, BER
B OMEAEC & D BRI ICHER IZEA L, FhEHD
7208 B I REE B R N3 5 LA R
ERVPELIEMLCLEY), 22 CEBREESCR
MEETIE, FCEEORRICE Y TEEEFHRL
KEEERE LT B 757 2 5BTHI LR HIY
& L7 IRER BRI 5% { EM S iz (K%, 2004 ;
RE - JEES, 2005), 2B, MEOKRFEICHLT
i, BAoBEFZREZEMNTICELEDONIZ=2T
W FEITINT OKEREFI%RE > ¥ —, 2005a; K
ERAELE Y ¥ —, 20050 ; KEREGHELY ¥ —,
2006 ; KERESHFEL ¥ & —, 2009) o
EEMRECTE, BNCARBLZFEY 755 %
HEECHEL, BBEERCIFYY 755720
EHANCHERT A L, WOBERBRERREICEDYE
IRICE YV BEOBRRE B TIENELADNR
(K% - ¥R, 2005; L%, 2003), 72721, MWAMIC
WEL2BRT L0, EEEN~NOZFE 7T
FOABEZROSTIEFEETH S, EEMBITZH
WRBETH L0, TFEY I IrPEBTEL L
HIZHEMWOME 2 KEILLAY, —#EFAHRICL
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720, WIUhEEANLYTHILT, ZFEYS
57O AR AR R S5 TRARIT SN,
HEEEIENNRRETH A0, HEEHFIC
LY ZF YT FrHE LN LB R R &
B TRETLITIRVPEON, WA T, BT
MU ERETIE, BEOUBRIE{EREINZ, HEK
BIZEAMIC, AR EEROZRT T, K&
ERWEHREEDRL B ILF XY 7 T4 L KRG HED
N CTHHEC TR 5 FENETHo 72 (1B
T5,2005; 2T - &%, 2006) o

T XHPMCE, RUMEMZE, S0 MR EBMIRELEH
UL ZBMLEETH 575 HEOYRICK KRS
Bz (BR%, 2004), ZLAEDBEIIBNT,
WELZOHIFBRBMNICIF B Y 7 5500w L3R
L7 e R 2 @ IR L TR 356 2 & TRLT
LlckErEoiz,
2) IFECUSTOERE BESLCHEBEICE AHEIC
M2C, RROBWBIRETLZFEXI 7 7%HL
»LOMETEHER L TEAREZRE L T2 L5 RETH
g, BEZBRTLI2MEAP—BETS. £2TC, W
ABIZBWTIF Y 7 57X 2 BET 572012, B
Bro—nVioay Py FEGIEFIRICES 2T
A - EREF L2 F ¥ 7 55 BREHOEBD
s h, EEOBEIILIWIFEL 7T TEERIC
WKCc & 2 HREIFER SN/ (JERR - RZ, 2005), &
512, AEOREL Uk 2 0T & WA o KBIBRE
u— b BRI (JEES, 2009), xF 5 imIRE L
BleBWTZF Y 7 55 ORBHENTbON, &
7o, EBWGORED % EREBIZBWTHEHTE 5/
KOBREREE DB I NTE 2 (R - K%, 2007),
—F CEHERBICUN S CTlEERICEARZFEY 75
THEREOBRENEEE L RIZTOTRRVAA L DO
SHHELD00, EWMBIIBITLERICLY, ©=F
BrrSromiiEl ~ 2 ANEECHRERT LS
ENHERRENT-ZEh S, BARNOERZBI v
LEZoND KERANFE LY & —, 2006),
3) TFELU ST/ DOREREFTA HlLoxkRe
BN A, WY RREEB X OBITICBYTERT 572
B, ZOEOHEREICEVTIE, FEBRTOHR
HEEDIZ, VE-I BV K BRRDHR,
WY I2b—2a XV BH~OZFEL 755
OFERHZ FHET AL ED LN TS, EH
FERFEE K ERTZE - BMERE CIE, R FEERF
PR ol & L 728 B Y Tk 2007 SE % 5 FRA-
JCOPE B X UF 2012 4E7* 5 FRA-ROMS % (KEEWF3E-
HE KR web site: http://fm.dc.affre.gojp/fra-roms/
indexhtml, accessed 2016-6-1), HA#EZ H.Lv& L7z

I BV TIE 2008 4642 & JADE B & UF 2014 4
5 JADE2 OKEEWFZE - #F #H web site: http//
jade2.dc.affrc.go.jp/jade2/, accessed 2016-6-1) &\ o
7R TR AT A HWTHEZ FHL, PEESE
BIUWEBHBICIBY 2 FE¥ 2 5750 BHEBIRNC
X 234 (Ikeda and Uye, 2015 ; Baba et al, 2015)
2, By TP HABIZBIT AL F XY 7 775 0HKRE
AEOFERREZRI, = F B 7S BARGES
HWIZWOFET LD TFREERKL T 5, ZORR
ERALY 51213, HARBEEMICBT AT XY T
FORBER MHEBHRT - XL ¥ — web site:
http://www.jafic.or.jp/kurage/index.html, accessed
20166-1) &, FHOMHEE LTREDORVWLFE
Y7 ORARROILBENRD 5N b,

1.2 FROEB
1.2.1 MROEHEEEROL-HOEHE

Il L7 S HORERELBRBRT 5700 KEE
s BBz o THIEE o -EEHE DT T3,
FEICBIAMETIE, HICEBEEPETEMICE
WTHEEOURDPERTH o000, BESOEKLWY
BRERROPT, MERROL ) ICHLRBEEZEES
IRDBANTRELMEERRIBRONS, /2, =F ¥
v OREREBERTAHNTHRARELZERL
Th, BE LY IBEFOFHIHMLZY, #Eh
BREBIS R EKRGIRAYOREBEED I LD
THRREN Dol HIZIEEBRMCEBIZNKEZM
THE, NEZHIEMPHGOKE B TR
N, KBS REYDHE LT, WEEITK
EABITHREL DL, Fh iz, HMERTRE
FRETAHIIHI o TCHHEEICLZLEL 2B (K
%, 2004). RABHETE, BEYRZHEI VA,
WEEFRLOBMZBICI ) ZFE L 7 F5PL0E
WARBE L THRET LSRR E NI GE
Holtbon, TFEYIIFOLARPEBEICETS
BZRL2ARIILZ Lok, BELZHED
R 2SS 5 2B 2 wIRESH W (X%,
2004) o

IFYY 7 T OBBICE L TiE, BIRNR DS
I T DOBBREEDERICH Iz T, TFEYIT
FOSMIZHET B IEMRILETH - 2o 55T, A
DEPE NI —VBERACTRET 54, RN %
RBREL R T 2UERD L, 2720, =F LV
S OSESAICET 2HMRAITEL Tz,
IFEY 7 75 OEERREOFIIICE L T, %9
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BEEODFEEORIIFEY 7 FBRNLRETK
FHEOWEREEZ FHEL T (HAREXKERZ
BT, 2007 ; Moon et al, 2010), 7-7°L, MEROEEIX
BECL o TRESCEMT LI ERS, X0 IEMERE
EREE FTAH7-DICEAEDOE L WHESHFB L
USiEBEBFEZ2IBRB L T LBl bol T2,
IFEIISIE T s N K E ALY
ThorEidwz, BRI IERLTNEIE
DS N Tz, HERES L CRE~OLHTF
Wicix, =F¥r 7 X aEimicBEiy 2 Wk D
BETTHLENRD o720 T 212, BERLIAFEER
B PS5 720120%, EREELIEERTAZ L
LbWETHo7. DI, TF ¥y 7S5 oRERE
OTFIIE, BICHBEIIBI 2 FEY 75500
AR T 2 ERISOPMEL LCTRETH Y, KBE
DENT IR % KD B 720D I IEHE 2 A0 A 5
BRBEERL, TOLOORHRELEITIHEICD,
IFEY 7 I ONE P ENSE L ZR L TRE
FEERF LewE, Bo ol 2L TLE
IBELDH o7,

1.2.2 EXTES U2 HEHEREOERE

BB L72LH12, BEBREORBNKLET S
AT, ZFE¥V I IV OMESMICE DS EHRS &
UBEHFEORBIRIEETH 5, EKEERLHMICH
T AL, REGRPEBRSRZFEL 2R, B
EEEROFNZERTABICEERARE 25, &
72, 79 7EOE LR, TTEIC 24 REBAH TR Y &
ENBHARZFOZEFAON TS, FIZITHAR
B T—HHIRONE I X7 570, HERTE Ol
RIOFEL TS HEASERETAZ EFALATYS
(%H, 2003 ; @H, 1975), HAMERIIMNIAEBT S
79 rEHICBWTh, Cyanea capillata (Moriarty et
al, 2012) % Periphylla periphylla (Youngbluth ef al,
2001 ; Bamstedt et al, 2003 ; Kaartvedt et al, 2007 ;
Dupont et al, 2009) 7 EASHESRERE 2175 2
PHONT WA, 72720, FICL>TEDONF— Vi
—ZB TR, TFEY I X MEDORRERE)
BRE2ETAIWEEYND 72 Bl LHECELS
TYr— MRERETD (%, 2004 K% - EE,
2005), % DWEENLOL LT Y 7 575 OWEIKITE
WCIXHRAERS 5T R ET 450 HEERR L
BEELN TV, ERICHEHS TIF ¥ 757 % 8
BLTVWAHEEEDPODOREIRESE LS, L
Lahs, 3L TRTOMEICBIT 2 HEAED S
F— UL T 2biFTId % L, B2ERh RESN

RENTW b Thhehol, TFEY I F5 D
EAAICHETESH 5D ThE, KiEHREET
% CEZEHBICIF Y Y 7 SRS RNE 2B EER
LCTEETHIEIL > THELXBRRTE 2RSS
Hbo BIEBWTIE, TF XV ISy 2ZRY ¢
57:0ICEMRICREEMZ 2 OBRER, W%
RET 5 EMBORERRE AR 2R 2 RE§
572912, TFE L7 TP LR T WIRE % HEH
HWANCIIRT B 2 EABD TR E R B,
BRERIZBWT D, =F ¥ 2 55 0MEMMFEC
AbETHRETHILETCHEOIVEEEERTE
o TFEY I IXOEBEREE TS AT HICKHED
TEEEFRE KB CcEE, XV ERICHOALZHO
HBETHSTEE 25, T2, DRASKERBENICEDLS
TEHIE, BRSO MAEFEZE LS9 2 THRIED
ZEhS, AROSHB X OB A SERICINEL
TBLLEDND D, LPLEDDL, ThETKHAGS
JUTEERICET 2 MARIZE A EEDP 7272 T
L, TFEBrI7IF MO S FEEBRKIZE D
BWEEOKRERBEEETAILL, ZFE¥VISH
DORKEHBUILEET TH THoz2 L dbd Y, XED
EHERBESCTE 2 AR50 FHIIMLEN
TV ol

1.3 HAOEE

BBl &d Ty sS55I ZEREEE2HT 5
7o, WRN/NLOZ S 7BOREROLHIZ (&
W, 1975 ; Brodeur et al, 1999) BED TSI 7 bV
Ay MCE YWV ERNGREEZIT) CLPRETH 5,
KED P —ille B CTRET HHE5TH, KR
AT 2 L HECIEBATRLEEICRS, £0LD
HIEhs, 7ITVHEOERMSAERADLHFEL LT
i3, PRISPHAFES)SHEICL 2R/ERS BB T
HYy, 2FEYIIFICELTHORAEMPL 721 —
R—FE2AVWLBHBENL EishTwb (Baba
et al, 2015 ; Randriarilala et al, 2014)o L2*L 72285,
Kg, #R, BEHKNRPBENEOR )L EDENIZX
DRZFIZENPEL, RAETHLEELHBE TRV
OERPEICZ L. 51T, BHEfEOARIZZ 757HE
PIEELTWBEELRS W0, BELTTHAEE
EENCHEBTIAZLEIBOTHETH 5,

HEDHOBETCEBIRATRLREEICSMT 5/
oy rEy, AREMELHTHEL#RE
BHoboo (Bamstedt et al, 2003 ; fiiH - &)1,
1991), & 5 LOMBLBESFICL Y T OWIHIZI)
42575 EPEE—FTHRINTVWS Z L 2R
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L7299 Z CHENERSN/ZDOTHY, =FE¥L
FHCELTRERNICO A EARLEMIE BP0
oo TFVY 7 I ONAEIRIEBT 57:0121%, BT
RREBICEAEEEL EENICROLIENTES
BEAEEWIT LI EPLETH o7, £ THN
T, BICAENFRLETENFERICI b FEY
755 R BECBRET LI LT ERANRD FikE
WL, Tho2RAVWCHEZERL 72

—JF, 725 5EOTEERAEICRRLHEFICOW
T, MO I rETHNITERZEOKETHE
LTHETAZEMEETH S (Dabiri and Gharib,
2003 ; McHenry and Jed, 2003 ; Shorten et af, 2005 ;
Masuda, 2007 ; Katija and Jiang, 2013). 7=7°L, =
FEV IS FIFORESBLIVEENPS, BFPL
KEETOBE L L TITAETORE & bICHEEZ &
Wb, I TEAMETIE, EFRICBVTEHRRRILT
WZHBFEr s X0 ERREICRANS Tk
WetL, Fho2HOTREEZERL .
RE,OE, TFEY 7 T35 OBRITECEGHIC
B 504, KESERRL:=DICH-LEAB LA
EFEE, Zho0FETHWTH LN REORE
WOWTEIER Lz FE2ETE, =F ¥V 2T
PEXKT HHREEZRHRLFEL LT, AFa—38K
ERWEPICBAEENRBEFEL, FhICX
LREKRIZOVTHENT 5. BIETE, BEMNE
PRBETLIFVY I TOKREGMERES TR
WICHARS7-DICEZE L), LHERFEEYFTI AR
WEBBBEFEL Z0ENEORGL, BLUZENEH
WA RICOWTHIT 5, FA4ETIE, =FE¥
V7T ORESHICMA TERBETH T ZEMHICHR
L7-DWIER Lz, RPE M- VN % BBT 5T
FEV 7 G5 EKRPETF I AT THRETLFHEL,
FnERAWERAEERIIOWTEINIT 5, £55 T3,
BFEDR Ry TF7y 77— A1\ Ve 7 BIUBE
WRER) 2T F ¥ 7 I75IEE L TEERTER
THIETCIFEY 7 I OERITEZ TSk
L, FNSOFEEACIREFRICOWTHHIT 50
EEET, BRIChA->TZFEY I S HFDOHMES
HERARDL DI, BECEKFTOEENTRLEA
MEEHAF R FEY S OBETRL,
FOFRBEIELBIFEY 7 I X OFHRAEERIION
TR T 5. £ 7ETE, FIETTTHELFAER
LVBHISNZIFEY 7 5 DOREREB L US54
Bl L IRERIEOBRIIOWTESE TS, $7-, B
RBELIF Y7 77O OMRERRIERER
HUT, MRS ERHERY> S AN AEEICE
JBIFEY T TS OMESMEHET L HELRE

L7 RIZOWTHEST 5, E8ETIZ, AEORK
EEBLLT, AHETZFE Y 7 55 D5 RITE
RRRD7OICHEE LREFHEICIOWT, hofE
FELOKBREIZL ) ZOFERESHBOBEEICD
WTEET S, 8612, AR TCROAZZFEY 2
I ORMRITEHERORAERLRICOVWTT LD, =
FEU IR ELAHEZTERTL-0ICEDE S
RAToOND D, BIFESNBINHAEICOWTERT 5,

F2E KPRBILLZIIFELISFOEKEERE

2.1 #

i

IFEY 755 DB EOERR 2 MR A
P hnE, BELBRTL-000%%2 X )R
BINZAT) S TEETH B, BIZIE, FEV 255
BHIIBELTVWAEDO TR AR HAE S 42208
LHEMICEXRLTWAZ EFAOA TS (RH,
2003)e ZD120, TFX Y2 FH DHEIKAEE R IEH
BT 5 EASTENE, F ¥V I X DOERN
GTHRDPEBEREINASIZT TR, KBHRETHEY
EXFEY T T OWRBEEDE T LR
BAHEOWE R, ZF L7 I 5FOEKEEY VI 2
V=Y a YEFIVICEKBE S, X0 EERRETH
HW OB L LB OWREND 5, 2 TR
X, TFEV IS OEKRBELRILEBTAZLEEN
L L7

2.2 MRBELVFE

2.2.1 EXEEOERASE

NI TOWIETIE, MDY T 7V EHOBEKHEE
FEICKEERICL > TEH SN TE 7 (Dabiri and
Gharib, 2003 ; McHenry and Jed, 2003 ; Shorten ef al,
2005 ; Masuda, 2007) LA L %2456, 1 ECTHX
&, FEVIIFOBRMKEEKRLE S 2T, K
Bty F Y ETHREEINTHA 2D, B
DEIHEL CELOKETEREEZFNTLZ L
B THETH o720 £2TC, EBROERICBVT
HARBCEIXST AT ¥ 7 57 0Ok EE 2 EHE
T B ke RET L 7o

HE, WETRAKESROREFERT 5720, 7
Z O X ) TR DESCEYHIKTE S A E) T
AN OB R ZIIRT L, EREEOIHE
PREETHL L ER O, —FT, BHETIIHES
FOFRIIBOTHEWD (KEDS, 1995), 7
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FHRASH ) TERE R ICRENT 2 R ICHEE 2 FHIIT
i, FHREREEITBTCE L EEZ 1,

WXKPOLFE L7570, AErollis 525
Nabl, R#ETHLDIHETHEICETT 254D
%Z< (K% - BT, 2009, AKOFTEHEZFEY
TR TH LYY 7 5 HEO—FE Rhopilema
esculentum BV T HHERIN TS (Borodin and
Osipov, 2004) s 2T, RS N-HBICHE T EIC
BITTHIFEY I EAF2—NKIZEY 54
N—HBHLT, 2FEV I FLRALCEEZHEDL R
BOWIT LT, FAN—BHIE T RERSEE (7
Ly 7 EFHE MDSMkV/D, HlZE L ¥ ¥ :100m,
SR ls) T FEYZ SHOBREEL% T
BT L THKEEZ RO D FEZEZE LT,

2.2.2 EiBEICH T BEHEER

IFEY 7 T OMKEER T 5720 DEE
i, 2005 4E 3 X UV 2006 FEDKET N SELFIINT T,
HAMmORGESM, HkE, ELEMW, EERMN
TEM L7 (Fig. 2o SNSDEHRIZBNT, AF 2 —
SNEKICEDVIEE3~33 m TRRAL:, MFOR%
RO DL VE 20 Bk F X Y 7 5 5 RN
FUCHEREEZEHI L7 (Table 1), 25 DEAD
TR OMMOERRZ FR T I AF v 7 BOBTEL
BEfih L TR E S 2 7812, TF¥ry XL REE
RLEFLEITL (Fig. 3), 1 kT oFhEhgE
E1l4~42m FTEBHF L KB TAVY—I2X Ol
E LB EEOZEZ, 06 ~ 16 m(FH 11 m) ThHo

127
128 30" £ 139° 307 E
T . 1 1 1 5
The Sea of Japan
7 Research areas Nov 2005
Dec 2006
) 0ct2006.. & A
Oct 2005
- Sepz?gf Nov 200 -
320 M N

Fig.2. Research areas and date in the Sea of Japan.

Giant jellyfish
Nemopilema nomurai

Diver With depth logger

g;.k}'

P
¥ 1
-
N

Diving downward

Fig.3. Swimming speed measurement of the jellyfish
by chasing with scuba diving in the sea.

Table 1. Bell diameter, pulsation interval, swimming speed and other information of N. nomurai

Observation Surface Horizontal Bell

S s Pulsation interval Swimming Distance per

No. date tempertwre ~ velocity  diameter Obsersationdepth dmct::)x;lhafetr before or after touch speed pulsation
(°C) (knot) (m)  Start(m) FEnd (m) Before (s) After (s) (m/s) (m)
1 2005/10/4 22.5 03 14 9.6 36.2 Down - - 0.12 -
2 2005/10/4 22.5 03 1.0 11.6 19.8 Down - 0.10
3 2005/10/4 22.5 0.1 1.5 123 332 Down - - 0.16
4 2005/10/4 225 0.1 13 14.8 34.0 Down - - 0.17 -
5 2005/11/725 18.3 - 13 14.9 378 Down - 2.2 0.12 0.26
6 2005/11227 16.2 - 1.6 15.1 35.1 Down - 2.2 0.12 0.27
7 2006/9/15 23.4 0.5 0.6 83 28.7 Down - 22 0.09 0.21
8  2006/9/15 23.4 0.5 1.2 33.7 422 Oblique down 33 2.6 - -
9 2006/9/15 23.4 0.5 0.7 11.4 347 Down - 22 0.07 0.16
10 2006/9/15 234 0.7 0.9 16.8 - Up 2.9 22 - -
11 2006/9/15 23.4 0.7 0.6 93 13.8 Down 24 23 0.03 0.08
12 2006/9/15 234 0.7 0.7 93 19.0 Down 2.6 22 0.06 0.13
13 2006/9/15 234 0.7 1.2 222 36.7 Down - 2.6 0.13 0.34
14 2006/9/22 212 03 15 8.2 252 Down - 3.0 0.16 0.47
15 2006/10/1 21.8 0.1 0.9 10.0 - Down 2.8 2.3 - E
16  2006/10/1 21.8 0.1 1.3 5.0 - Horizontal 37 238 - -
17 2006/11/16 19.5 - 1.2 21.1 34.6 Down 34 32 0.13 0.40
18 2006/11/17 193 - 1.1 30 - Horizontal 35 34 - -
19 2006/11/17 193 - 0.8 3.0 - Horizontal 3.0 27 - -
20 2006/12/1 16.8 - 1.2 5.7 38.3 Down 3.5 3.2 0.11 0.33
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720 2005 4F 10 A DA oA RICIE, = FEY 7 57
DITB KB E T A A AT THRE TSI LT, kS
DB 2 FH L 720

23 & =R

SBEF L7z 20 A D 9 B, 15 AR X 2 ko]
War 52N BIEHETHZISHEIT L. b0
)b, RERLSEOALAMICL YV BREORENL LTS
TdH o7z VK ZE B 14 84K 0l ik R E 2 5Hll L 72
(Table 1) &I & u7-iEpko®EE I, EAEIC 003 ~
0.17 ms* CE¥0.11 ms') Thotzo HBIRMIZ, #
filiiiC 24 ~ 37 s CF¥ 3.1 s), ¥l T 22 ~ 34 s (OF
¥26 s) &b, HEMEBOMBMEE KT
FTRTOMBAEKIZBNT, HMEOFTIPEL 2otz
BhFEFE & B ikaE I 2SI EHNC & 72 10 kIO T,
—HBH 72 ) OfEEREE R kDL T A, 008~ 047
m CE¥026m) THolzo

L B H 7Y OHEMRRES K O & bk
JEDRIEE BATK & LT Fig. 4 \RL, Bz @s—
REFBRE LTCENEFROBRERITTAZ LT, D
To2RAKD N7z,

D = 0258 (1)
(FHBE4R % R = 0.76)

V = 0.1Bs" 2)
(MR R = 0.82)

ZZT, B % (m), D: M8 1 EdH7z ) 0k
B (m), V:iEik#EE (ms'), TH Do

2*; 2

E | i

5 |

g q 1

o

5 | +P% p=02sB + P+ p=0.1Bs

E (R=0.76) (R=082)
0 + 3 . t T \

0 02 04 0 0.1 02

Distance per pulsation (m) Swimming speed (ms™)

Fig.4. Results from swimming speed measurement:
Left, the relationship between bell diameter
and moving distance per pulsation. Right, the
relationship between bell diameter and swimming
speed. B: Bell diameter, D: moving distance per
pulsation, V: swimming speed.

24 % =

Hizh U 7= & ik s OB/ L Y, =FEr
T H ARMEEANRAT IR 5N 544% 03 m
TR o /NEAR O KT 1359 003 ms' FEE %5,
L7245 T, &% 0.3 m LT o/MEEARIE TR
5o Tk T 5IFEDRENIE R L, KEBENZIZITH
TR & B EHEWN S B, FBAEEO/PNMEERL,
ITIZTAUCE - TIE SN THARIFBICHEEL TW 5
LR EN D, — T, MBICHABTRONSL L &
KREEERDGE, Bl 2 XS5 MOMECFICHEL S 2
TV54E 1~ 15 mBEOKBMOIFEY 755D
WERFEEIZB L2 01~ 015 ms' EEhrh, FHuiih
THIET IS > THEDL I EATE BWEKED %
BEdAHEMMEINDL, 2720, WEA05ms' YLD
LxtBRE O vl LR (I, 1969), HAMEAHO
EE ML CHREICEI SN BOIRER (BBAS
2005) OHFTIE, KEOMEMT S Hm & 3 IR B
THIEIEFTERVWEHENENG, —F, =FEV S
T DBETGERE & ) /NS WIREOWR T, HlAN
FNBET2ZEPMETHL LV D,

BRI O FH B Cld, BEGEE 2 5H L 228 X
Db, B E S 2 S E OB RO BRI E
Motz (AEAEa <0001). Ziik, FEBEERIZIZIN
AR 2 ) EEKEEAEINT A2 & 2 EKT 5, L
TeBio T, BARIENC X0 WS LT w0
KRR, SEE SN tEREREE BRI S v
e 2B, — M9, HEREEDSHERIY K & Wik
EROBFEDOGETIE, WEOWEKKET 1 BHICKE
D2 ~ 348, EBKET I HEICEEDR 10 0
Bz gk TE 2 (FE, 1978), HIFIZB W TAEH
HETHAFIHBDRESDLIBIIKEDOT, MAHH
EXFE Y7 T OWEREE Z BT TE R
EEZONDLOD, KGR ETZHBOEREIN
10 cm U bkdHsoThhid, TFEY7F5 L) HER
CBEEXRTEDLEEZOND, LEAoT, EBEMOH
RFEMOBETL L, BIHIBVWTABHEIFE Y
7 5 OREBIN R ATE O & R L CIRIER BhkR§
HHEZRETAHAIIE, TFE¥ Y7 FXOITH %
HHT2LD D, BURARRHEF REOFFEICL M
HOTE Z RIS 2505, L LAMRNEEZ NS,
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BI3E BMALRZETAIASYATLEZRAVE
IFECI S5O mAE

3.1 #8

HEIETRRBEY, TF L7 I 5 O5Mm% LR
T5ZEE, EHE~NOHRBATFIICLERERERD,
HBEFEOBRBOLZOICEETDH 5,

HBRB D7 5 7 Eo 04 % ma TR HE
LT, YOL)BMMTHIRETELZIFEER
IR X 72 &5 5 BRI X 2 50 REN— K b
TBY, TFEyISFICHLTOREMRP 72 —
K= b2 HC-HHEBRICLBE=Y ) v IRAELNS
CEMENTWS (Tkeda and Uye, 2015 ; Baba et al,
2015 ; Randriarilala et al, 2014)s L2*L %256, K
&, @R, wHREPEHNEOREI R EDEVIZLY
2SO RZFICENEL, HATELBREED
BETHEEZOND, $72, E2ETHN@E) T
FYXY 7 T IISREREZIT) 20, BHRTHEATRE
BEENEDRIZF XY 7 STWHEETHEDRS
BV, INHOZ LMD, BEIZTTHA & IEEICIE
BTETVWAEEEFEVEW,

ZZT, AWRTIIHBRD X9 2 BEBEOREZ
HioT, MAERBIHMT BTFEY T T 7 OMEEE
EEEZERHNPOBEZICARON L FEORELZ BN
ELT, Ay s EAEICHEEANZBE L2 5M
KREEE, FHUTA2RMRDON AT IATLAEZLEL
Too KA AT THSRT A FEE VUL, MErD
H#Z 55560 L) IClHEICBIT 5 KB toELR ST
R & BB EPHRI R TEREI %L,
RELIBSENIFETE %, $/2, AP ThinX i

075 10 % 22§ 5 & HEH 2 & D ASHE THA LR
WAL, BT D2 5 BAEEEED BIRIC
HAHIET, WHOI Y bT R MHEICEYSL, 7
SEHEPRALRL T 2L MRHFTEL, Th
i, YA EORBEEANTALR LTS L9 B8
HCHEMEOHEAZER LRI 250 LFELTH
% (B, 1977, TOBEICHMITITEZRZTHR
SN BB L) M EBECRERICL TV IHE
WL DD (Cott, 1940), TF €7 I 75 DIREIE
BETRERLToTVWARVIED, TALRLETF
HETHBELR T SIHFEENIHEHTH 5, S HIT,
W E CORBEMRTEXLEETKT Y A% BH
T, A ATNEIOWTEE E TOREHFD Y
T rEOBEREEE L ERICERILT A I LA TE
Do RETIEIDOHIRAT VAT LZEELT, HAME
WEMRTY IV HEBET 5L T, AFEOER
o A A

3.2 MHEPLIUHE
3.2.1 EtRZHHEH AT (TULCam)

BEINRZLENERMA AT VAT A (Towed
Upward-Looking Camera system, UA#iZ TULCam &
%) OB %Z Fig. 5 12RTo H AT 2 EEORE
TAFICEMT A EICLY, P AT XY ERFRET
5295 B%ET 5, TULCam i3, AT YL A A
F-NVEORHT L—2 (ZhER 13 kg, LWH1D
RBEFTOEZ 150 cm, 1H30 cm, X 45 cm) @
AR, EFta 25 (vo—#EHCT7, R#Ek:
HDV1080i, #&IEF T : 1/729CMOS & » ¥, A3 %

Hi-vision video monitor, HDD recorder
and Optical firewire repeater unit

. Seasurface =
v &\' #
Va;ual LA e Research ship

field \‘o@ £3
&N

$/ ’ .dz}\\gg@

Jellyfish A N
e e /’;/:««?’”'ODepth sensor (Simrad, P132 system)
AN i
Tail unit Towing direction

Optical firewire repeater unit Viaeo camera unit (SONY, HC7)

(OPHIT, OFR-1394)

Fig.5. Schematic drawing of TULCam (Towed Upward-Looking Camera system).
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B 228 WK, RAKBEEARRE 5 1x, JL—AL—
k60 fps) 2N L7=AT » L ABMRERS (LhE
i 13 kg, Mi/KE 200 m AR 2L TS (fps:
frame per second; 1 &7z ) Dfga~$). TE 3
PRFEVEHZBETESL L)1, EFFH 2T
LAY Y X (061 2EELL. Mo TULCam T
X, EFET A ASHO Iy b7 — 7T 85 4 E
Bt L TR ZREHTE 5D 00, RHHEIC TULCam
52 LT A I THRZHERTE d ol £ T,
M ECHE AR L2 ORMTEDL LI, 512
HfzE% ) ¥ — % — (OPHIT #h8 OFR-1394) B L U\ v
FY—FRHNBLATF v L ARHESS (BhER6
kg, MK 200 mAHk) ZRM7 L —2HITEELT,
ETFA A AT oINS T T8 VBEE T %85
BACEB LT, WAL LT 74 8= =TV (2
B, B &K 500 m, B8 mm) (2 & D EICEE L,
fit ETRAE LRES X, MAICRELAZDL) 1450
HEEIVE—F =2 AL TF YV VIEREFTICREL,
N—FF4 7 &kE# (V=—%#BDZ-X9%0) &
OCNAETa v EFtFE=yY— (F=F¥—H A4 X2
AVF)ICER Lz SHNICXY, EFF I ATONY
T —25FE T R Y 8 KEfIE AR TR 2 Flsk T
LI ENMREE Rolze T 7 A N—F =T NI,
Lk yf=—<Bouo—7 (EE6 mm) ZFEbE
GHLWRAT, RHRICBREZEIV225 I LICX
Lz 2 & & Lz TULCam O RAICH W S
TAXY—t 2 KOWRME (AF—VE, RE 15 m,
EAE 6mm) & ORI EITIE, BERBEXOGRE
JEET (SIMRAD #L# Depth sensor for PI32 Systems,
SfRRE: 01 m, FEEE: £ 5m) ZEYAMHTT, WHik
D TULCam OB B L FDOREDBMLETY TV I A A
B TEX 5 X H I L7

3.2.2 TULCam I & B EZEHZEDOEHAE

AKH T TULCam %1 L TV ARFICBIZ LT 5
WARKDEREZ, IATOL Y A%TERELT, HE%E
BEE LENAEOKEIEDTE 5, ZOEIEED
BUEARIC, WAHICER S 28D A X T Ol
AERTHNAL LTHAEZ B I L T2 =AROMHE L R
WiEiEECRE S L7zl % 2 U722 fliA%, TULCam % BT
L TBIgE SN KOBREE L 2 50T (Fig. 6), L
ToRICE - THEARED ) O 7 5 FHOBEREE
ExRDDLZIENTE A,

N
Fe h2tan (L+§tang)

3)

B

2

ZIT, P 7 rEOMEBAEREERE (A% /
m®), a: TULCam ®HRATHINOWE A, £ RHITH
\ZIER T AR5 OW A, h: TULCam O (m), L:
TULCam @ ®AiiEE (m), N: TULCam Tit¥i s
727 3 F OB TH 5,

3.2.3 TULCam ICkB V77 BDRES LUREEHA

TULCam I L7 ¥ FF 7 X SIZBIRTH Y 37
EIRIITE RV, 227210, WIC—EHME —EDH
TR LTV DH 20, WHEES XU TULCam ©
HEZITIB L TBIE, 7 A T ORSEFH O @B,
ThbbiFEshEoy —mWg L CTHEEO LT
(M) A ERT %R EZEHIT A2 LT,
DTFoRIZE 0iFilET 5 27 5 7 HOUEE 2 B4Rk
ODHTENTEX D,

D=C- 1L (4)
2tans

2T, D: fEkO®EE (m), C: TULCam D#E
(m), V: BIEREORHHES (ms'), a: TULCam ®
WA OEA, T BEOH.LIE= S — % @
BT LEEME () THhb, B, TFE¥YI7IF57Es
FrEE L TIERBNEWEXRENEZET 200,
Eo2BmTHOLMILAE DI, EIEREIIAEY 1 m
DEDOKBEATHRAO02 ms' BETHD (K% -
BT, 2009) . & OMEEIZRMEE LY D HHITAE
W28, ARFFFEOBURIFENT FIC X D R OGRE % K
DHEZ, 7 IV EOEREEZIILEALERTES
L&z 7

¥/, B —H@E LSBT AEKOKE S 2EH
FT52ET, UTORICL YW EROY I 7 HOKE S
ZAEEIRD B EDTE D, ZORE DD
TKEEIZIZE AL TE D EE X T

VTM

S= — (5)

Towed distance (L)

Visible
range (h)

de/

s mew,

ﬁ' Start — Goa

Fig. 6. Schematic drawing of observed water volume
by TULCam observation.
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ZIT, S EoEBEOKEZ (m), M: ko
EFE=F—WHETOREE (m), V2 E=F —HWHA
ORMBHOEE (m) THb, UEoXEHVT,
TULCam TRtk S N-BL g2 SEAEOKRE S 2 5H
L7ze 797 HOKE SI&, P LR 2 W 720
DEKRE EFEMOFKE) 2HEFLLTERLTS
ZENBHEETH DL (Kramp, 1961). BHIRDHEHKIKFE
TIZFEY 7 FrIIECEMEABILTEY, B
FTHRLOBRE—E LRV, #2TC, KXEBETIE
WKFCTHNRLOKE IHEDL SR WORBOERE
Z, MEALEMLAMEE b LI LoXTitEl, &
HIZ, UTOERL - FEHIRO 7-BRA (K% - ¥R,
2007a) 12 & ) AERICHE L7

Z ZC,Bd: %85 (m), Ad: NBZOELE (m) TH 5,

3.2.4 #@LEIZHT B TULCam DB
EROEBETEIML T IV HABETHILT
TULCam DOYERE % FE4l L 720 FEBRIE 2007 4 7 A B &
¥ 2008 4F 7 AVC B ARHEO X B gk PH KB CTHEME L 72
(Table 2, Fig. 7)o $_TOEERIZHPFICERRL 720
#A &S KEEHBNE 72132 ) TEIEEE iR E
LTBY, BRICHELREETH o7, EBROBERIC
v F—E R TEH LR IERoEHERL, &
16 ~19 m THhorzo EBIIE, WELII=TI >
FHRREHFTE OFAEMBELHER (499 b, ER
BT 11768 kW, M HAR#RERASHE) 2 H
W7o TULCam &, CEHMENh TV 2HEHY A
YFDTA Y — (EE6mm)ICE Y AED SR L7
WHEEO TULCam RS2 RESE 5 HWT, Bl
TU—AIZTTAFy 7 BORERHOMEE FEHILY
W CHREL 2P S EEZ{T->72 (Fig. 8),

2007 4E DHEERIZ, TULCam ek ¥—¥ —%
BErELEEFIC, BEZETFTHIATHDOAEY b
F— TR T 5 HETIT -7z, BALEIZH 4~ 8

Table 2. Time, location and condition of TULCam experiments in the Western Channel of the

Tsushima Strait

Start End .
Winds Wave Transparency
Date Time Position Time Position Video record Weather
UST)  Latitude(N) Longitude®  UST  patitude(N) Longitude (E) )  (m) (m)
22-Jul 2007 15:02 34-51.89 129-14.63 16:11 34-57.61 129-20.58 Internal Fine but Cloudy 4 i 18
29-Jul 2007 14:38 34-20.40 128-57.18 15:49 34-28.29 129-01.12 Internal Fine but Cloudy 1 0.5 19
30-Jul 2008 1356 34-49.20 129-13.23 16:57 34-57.59 129-23.93 Output Cloudy 5 1 16
31-Jul 2008 745 34-57.68 129-23.84 12:11 34-47.57 129-10.95 Output Cloudy 2 1 16
128 507 E 128 & €
v 1 ! i !
35° 00" N =Y
A \
TULCam / \
/e Y
—> 22 July 2007 | ///é' AN
ek by
+—> 29 July 2007 F 4 \
= 30 July 2008 _ S i 1 1 1 50 W

e-> 31 July 2008

Mid-water trawl
+—+ 20 July 2007

—— 21 July
to 5 August 2008

10 km
—_

-4 % P
A \\ The Sea of Japan

el

125 10 E 150° 10" £

Fig. 7. Experimental area and survey lines in the Western Channel of the Tsushima Strait in the Sea
of Japan. Arrows directions indicate towing directions in TULCam surveys.
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J v NO#HEAHNT, 74X —DORSEZEEIHTHETS
Z & T TULCam # ¥ 20 m F 721X 30 m IZfRD
LI WTHRM L7ze TULCam OREA ZFHIT 5720,
WAL 7 L — 2121 2 e R A Fl skt (Starr-Oddi 8
DST pitch & roll logger) %IV fiiF72. 2007 FEDOE
FZREBEBICKREOIFEY 7 S8 BHBEL Tz
ZEhn OKEREMZEEY ¥ —, 2008), =F ¥~
7575 BN L LT TULCam ~ DML ) J5 % Wik
L7

2008 FF D FEEETIX, TULCam 25k € — % —
KEBIUONRT7 7 AN =7 VEERLT, Lo
VFrFrE_y—TCTHYEZ ) 7V 7 4 A TEHRELEZND
WL L7 RAMEHZH2~10/ v FOHHNT,
TAXY—DORSEEREICHET 52 &L T TULCam D
HEZF 15 m 25 100 m PLEF TEL SR 5
MLT, BEREL 7 IV HOBY FFORERIZDOWT
RFE U720 2008 4E WX H AR F ¥ 755
OWMBEIBOTAH 2L, 7T AOEBRFRICEILF ¥
YO ITNE ST MB Lo, 727EL, TFE
YOI ENDUNSCLEB LR KRED 7 T 5
THby VA2 5% Cyanea nozakii 3% T & HB
LTWwWio 2T, 7 LA 7 35 2BENFRELT
EB#T o720

2007 4 & 2008 FF D FEER & b, gk id TULCam
NOETFAAATDOL v RE X — 2 E2RIEMAIC, &
S A RIS E L2e SOREDH A5 D
WA 2 REBRFICWKZ W2 Ls 7 — v OKERF
7% - BB RAEOKE TSR O MR TR EROKAE, &
E:17m, W§:75m, KE:2m) TRHIILA & Z 5,
TULCam @ WAL (g o LT HR) Ofg

a 38", WALHINCHER T 280 (FREmE ok
FJ5I) OWf B IE 64° THho7ze EEREFIZIX, V7T
WE A LTREZILIRT AREENIINZ T, TULCam
DOFMREEZ L) IEMHICRET L2201, BT
L— ACEERSER (7 Ly 7 BFHE MDS-MkV/
D, #f##E: 005m, #E: =+ 1m) ZWYFHIFT, &%
LN/ T—F & BOBH I L7z, TULCam O X
WUREICIE, ARMRAHE GRER 7 m) TERU S Mzfifo
st KRB % BE 15 s FEICFRER L C, Zfi & 3
L CHRMHERER X OB LR 2 R 72,

3.2.5 BR#HEICLBEHE TULCam & DR

TULCam @ B4t & FKZ, At 250 HEBIZIC
XV EFEST S 7 TSR L. BIEEE M
O _FEHEIC D, KEEOEIC X 2RO E 5D
EDBBICG 2 2ERE LT H72012, Kbk
EEPLRTEHHNE L LM S 5 L.
FRAREED LD, 77 HOBMICHML 2
~ 4 ZOBMEDFRICHERE Ui 820 Sk
TOKFHEEZ RS 572012, B0 T Y &
4 OKE2SDE SR 9 m) 12i&, 30 cm MFEICHED
RRRT 2884 7 (EF 28 mm) BoPzE L& KFE
WZRkE L7z (Fig. 9). BIZHADHOE S ZWEL,S
—EDMEICEL &L, DS OKFHz
EFOTHHZHETES, INTITITbhT&T
FX Y7 550 B TIZRERAGIZ 15 ~ 20 m DK
RN DA Z R L TWAZ 225 (Tkeda and
Uye, 2015 ; Baba et al, 2015), AT 55
20 m ¥ TOWHFHN THE S WEEEZEHEL T,

Fig. 8. TULCam that was used in the experiments
(150 cm long X 30 cm width X 45 cm height).

A plastic float and lead weights were installed in
the stainless-steel flame of TULCam for keeping the
visual axis vertical.

Fig. 9. A scale for measuring horizontal distance
from observer’s eye point to jellyfish on the sea
surface. This scale was set up on the upper deck of a
research ship, and be used at line transect survey by
visual observation.
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TULCam THIZ L7 E & g L7,
3.2.6 HEHFEEOEZAAFROLES

FHU L 720 B SR MRGES 5 72012, AREERLF
R I3 IZA U HEis C %M L 72 (Fig. 7), &9 JE b u—
Vi (=FE 78 LC-10net, #I1: 10 m X 10 m)
CEAREICIVEONIFEY 2 Sy DR,
REBOFHIELZ B L7z £HE PO — VHIZIEE
#80 mA2SiEH F CHBEME AN TRML T, 2007
ET7THHIC1EE, 2008 7H21H»58H5
HZF T2 8 MOFBETRE SN 7 T r O % &
WL 720 EMOBABRVEHERFH DA A THEZ HHE
WTELRDP ol F XY 7 I 3ER &KL ZFH
LT, LLF® Zhang 533K 7R (Zhang et al,
2012) & Y AR E & o,

B,, = 0.0837 B,*7%%® @)

ZZ°C, Bw: k& (kg), Bd: #f% (m) Th5,
33 & R

3.3.1 TULCam DRfiiH LU HBEMAEDOFF

2007 SEDERT, 7L — LD EEICITEEE, TH

12518 ~ 16 kg DERBOEZFINT A & T, BEL
THRAASTE DL Z L 2GR L7z TULCam DEEIL,

22 July 2007

?
Wire length

Wire length (m)

0 2 4 6

- g

TULCam depth (m)

60

Ship speed
v

8

Distance from start (km)

133

BT 5274 XY —0RE % 150 m IZFEE LzRRIC,
WAREDEFEHKT7 /v b ®RK84 /v M) 2T B
L TIEIF20 m i, dAKEDEFHHS v b (&
K579 8) IZFAHZETIEITI0 mIELRIS
BHLTE 7 (Fig. 10, Fig. 11). W L @R £ 9
OFHIEEA S, TULCam OEEMIZOVTIE, ¥y
FAROMETREL, T—VMAEdAkENT7 /v
MOBE, FIHIFIFIF 0, EAIRITHRATE 15° O
FITd® o7z (Fig. 12). ¥RE 20 m 2 b S /zmt
%L, WM E CRIES S BIFLHEOHR T, FFEUWY
R OEL L REROMWBERT L ZFEY I T
FORRIHBICHATE 2 (Fig. 13). EE 30 m
PO SNWETIE, BHAIE- XD LHERTE
ZOWHELHo72b00, FETEELL DT T TFEN
BMRATE, BE20 m 2B LA L FARICHEE
BICZF BV 7 57 LR TH - 720

2008 SEDEER T, 74X —DEEHY150 m TH
73107 v PR EORAREICHETROFEAIKE
olzbDon, FEE15 mEE$ TLA TULCam A%
LB L 2o 72729, 51 F COMBHCTHAIIR T2,
T2, TAXY—DEEH300 m OKIZ#EII3 /v b
DR THATT A &, %100 m BUET TULCam %%
fic& 7z (Fig. 14, Fig. 15). #E 30 m LLETIEE
HE COMRBEHIMMRT LI LB TE R o700
®, Fig. 16 D L I IZHEHEK 20 cm DY VA 7 T 7
FBETAIENTE L, SHITHEER 80 m LIEIL
BWTYH, 294 27 ST EREBICHAT L LN
WEETH o7 (Fig. 14, Fig. 15),

=

O R, N WA UON®OVO
(syouy) poads diys

10 11 12

+
i
4
+

e *w*meMMM

+ Jellyfish-observed point
+ (Nemopilema nomurai)

Fig. 10. Wire length, ship speed and TULCam depth in 22th July 2007 experiment. Small crosses
plotted on the depth line indicate jellyfish-observed points.
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Fig. 11.
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Fig. 12. Pitch and roll angles of TULCam plotted
versus ship speed in experiments of July 2007.
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Wire length, ship speed and TULCam depth in 29th July 2007 experiment. Small crosses
plotted on the depth line indicate jellyfish-observed points.
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Fig. 13. An example picture of N. nomurai observed
by TULCam at the depth of approximately 20 m.
The white dots above the jellyfishes on the picture
are the sunshine-glare on the sea surface. Arrow
direction indicates towing direction of TULCam.
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120

Fig. 14. Wire length, ship speed and TULCam depth
in 30th July 2008 experiment. Small crosses plotted
on the depth line indicate jellyfish-observed points.
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350 "
. 31 July 2008 -
£ 9 I ¢ 0 =
« 250 L Wi e
=) { ire length g8 &
< 200 ; @
E 150 | e mm ke mmoilrssor 6 i‘
— =
= 100 K s 3

. Ship speed , &

0 * 0
0 5 10 15 20 25 30 35 40 45
0 %
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E 20 " W i oy i ( )
= v
S 40 B
5 RN, [

60 e f‘
=
S -.kvv /Y w
= 80 /
F 100 + Jellyfish-observed point N

5 (Cyanea nozakii) |

Fig. 15. Wire length, ship speed and TULCam depth in 31th July 2008 experiment. Small crosses
plotted on the depth line indicate jellyfish-observed points.

Towing direction

Fig. 16. An example picture of Cyanea nozakii
observed by TULCam at the depth of approximately
50 m.

3.3.2 TULCam & BRBZEOLER

TULCam O RALTEILE L7k BRBZ21T-
R, BXUOEhEhOBECRIEsNn7 77
DEAEE L %% Table 312773 %, 200747 H 22 H
DOFEBRTIX, FHHERELH 30 mIfLi#E L7 TULCam
POWBHETOTRTCOHMPAEZBATE TV Lo
72X M2 H o 72728, TULCam 25 20 m L5 F T
DARBTRTCEFLAELHMRMEEIRE L7 &
JE4 30 m ¢ TULCam % 55 2" M T4 9 km BA L7
ROBIZARIIN 26 x 10° m* Lot ZOMIC
TULCam TEIZB Sh/izzF ¥ ¥ 7 5413 251 KT
HY, BEBEAEEEZ 113K/ 10° m® & % o7,
FRCAR B2 B CEZE SN F € 7 55D
fK%1X TULCam & HRT 1/ 3LUTO 4 BETH Y,
BB B 4 B4R / 10" m® & 2o 72,

2007 47 A 29 HOERTIX, FWEERH 20 m i
fiLi&3 % TULCam % & {1 ¥ T % 2 BIE X H THA
TETHBY, EEKH20 m T TULCam # 1 KM TH
13 km AL L 72RO BEAFEIEH 36 x 1°m® &5
720 TOMIZ TULCam THB & Wz F ¥ 794

Table 3. Counted numbers and population density of jellyfish, which were observed by TULCam and

visual observations

TULCam observation

On-board visual observation

Date C;:;:}x;a du'l;l:t‘; _ Distance  Volume Number of jellyfish gg:;‘:t‘; Area Number of jellyfish dgr):i‘:y
(m) (min) (m) (m®) N nomurai  C.nozakii  (inds/10°m® (m?) N nomurai  Cnozakii (inds/10*m?)
92-Jul 2007 30 55 8,886 2,220,932 251 0 113 177,711 74 0 1
20-Jul 2007 20 60 13204 3562041 1964 0 551 265,027 194 0 7
30-Jul 2008 0-100 182 23,365 5,598,022 0 46 8.2 467,305 0 0 0
31-Jul 2008 0-100 265 41,409 9,740,979 0 67 6.9 828,192 0 0 0
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1 1964 A TH b, MEARBARE® R E 551 Mk / 10°
md & o, TOBIITIZ TULCam @ RAEED S
WHE COHEEEZH20 m T—EIRTI Eh D,
155 N7 R AR E OfE% TULCam O#FE 20 m
THEUZMEZ HIROFHMAEROEEE L AE
%o TULCam (Z & % F¥ AR RO AR % B X 110 1Ak
/104 m? & ol R L2 S B CHE SN
IFE¥ Y s X OMEEEE, TULCam & LT /
10 LT 194 AR TH o 72 BEICS X 2 ARSI F
BRI 7K/ 104 m® &7V, TULCam TR 721H
HBEREEED 1/ 15 DT TH o7

2008 4E 7 H DFEERTIE, ITELALEDODXBIZBWT
W ASRFLTE R WERE T TULCam Z AL L 72729,
TULCam 5 20 m L HFEF TOAZ BRI R HAE LR
EL770 2008 4£7 H 30 HiZ TULCam % #9 3 B[ T
%523 km BAL L 22REOBIEAREIE, #56 x 106 m’
L otze TOMIC TULCam THE X2 LA
777 46 ERTH Y, BAERBARERE L 8.2 Ak /
106 m® & %2 5720 2008 47 H 31 HIZ TULCam % #
4 TR TH 41 km BHL L 720 BISETE X, #5597 X
106 m® & 25720 TOMIZ TULCam THIE S -2
LA 75567 HIERTH Y, MARBAREEIL 69
Ak / 106 m* & olze TRTOIT VLA 7571
TULCam % ¥ 20 m PR THRM L T\ 5 KR I B
&7z (Fig. 14, Fig. 15). TULCam O R IZHR E
POHMTIY VLA 757 F o BEIN Lo
7

3.3.3 EAIShEVSHTFEORES T

2007 4E\Z TULCam THIE SN F XY 7 5D
iR B 2000 AL FERIZZ o 72D T, A
AEELT, 7TH22 HIZRSSINBE DN HERI
FliHh U 72t 10 s flICBig Sz 62 fEfk &, 7 H 29
HICFRgk S M7z Wfg s SAERISHH U 72385t 2 20 [

Density (Inds. / 105 m?)

0 2000 4000 6000 8000 0 2000 4000 6000 8000

’g 0 ‘7 —~ { 0 4— - i)
_‘:’ s | Nemopilema nomurai 1
& 10 L, 22July2007 10 29 July 2007
= Il
CRES 15
Y% 20 T 20 e —l .....
£ 25 4 25 TULCam depth
§ 30 Fhmom s i s 30
35 - TULCam depth 35

Fig. 17. Vertical distribution of depth of N. nomurai

estimated by TULCam surveys of 2007. Left: 1540
to 15:50 22th July (V = 62). Right: 15:00 to 15:02 29th
July (V = 56)

WZBEE s N7z 56 IR D & % T L7zs 2008 4F D SR
Tix, 7 A 31 HiZ TULCam THIZE S /- 250 1
DOFEBEOAERFICL VG TELh o2/, TH
30 H DR DA Z RN L 72e 2007 FECFHI S 7z
FYX Y7 T ORESM & Fig. 17 1R T, ZFE ¥
75 EEE 10 m DIRICOAEd, 2 oKX E I
BWCTZFEY 7 I 7EEMEAL B TOBESINE
Mo tze 2008 SFEICFEIM S NIz VA 7 575 DBRE
434 % Fig. 18 127”35 TULCam @ B EE 235 60
~80 m & HIKRMWEVEETHMHN 20 m DHEENT
FHENBIETETBY, FFICHEE4 ~60 miZ% <
DDA L T W2 Z Edsbh o7z,

3.3.4 EAIRIhAEYVSHTFEORRE

REHELF U, BARRE L LT200747H 22
Ho 62 k& 7 H 29 H® 56 84k, 3 X 02008 4 7
H 30 H OFLEMLE D & % fEHT L7zs 2007 fFIZEH &
N2 ZF XY 7 55 DERFHLE Fig. 19 (7T &
BOFHMIE 7 A 22 HI2502 cm (SD. = 149 cm),
7H29HIZ533 cm (SD. = 130 cm) & 7o/ Ik
R ELT7H20 HICERL2EPRE bo— i
TR 22RO FEY 7 5B RESN DD,
AETRAHEIR L T ORS00 o 72 5 ZATHESERER A%
RENTWAzDIZ, EBRICAREZ BT M
KL 3RO A TH - 720 ZFEDOFHEIZ51.7 cm (SD.
= 224 cm) &7, TULCam TiHll X N7z &FEDF
WHEIFEALEI o720 R OO FHE
B 20 (7) ML) EFfEEHEzEN L 25 4

Density (Inds. / 108 m3)
0 50 100 150 200 250

0
10 Cyanea nozakii
20 1 30 July 2008
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Fig. 18. Vertical distribution of depth of C. nozakii
estimated by TULCam survey on 30th July 2008 (N
= 46).
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cm & 721, TULCam TEHll S M7z EFOFHHE L
DET/REDo72b00, AEETIBOLNL o7
(t-test, P > 0.1),

2008 4£1Z TULCam Tl &Nz L A 7 557D
A4 A % Fig. 20 1R T L7 LA 7 75 DA
FEORE S ERETHMOKE ORIV TITAR
B, ZEREFEL P TELR o 2720, Wi
FCHRLOEROREREZGIL, BEROEZEL
HIR U720 BEBORAFEDOFHEIL 187 cm (SD. =
71 cm, N = 46) THH, TFEV 7 I35 LD HFRELC
INEH o7z (ttest, P < 0.05)o FFHHIZEFRRE o —
VHTHRIES N 2T L A 7 5 7 kO£ DT
fiiix 221 em (SD. =71, N =25 &% (Fig. 20),
TULCam CRHll SNz L 4 7 55 DEIRDHRK
BROFHEI D BETRKEP72DOD, FEAETR
DHNLeho7 (ttest, P> 0.05),

Nemopilema nomurai
18 -

22 July2007
161 TULCam
14
12 A
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8
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4 "
5 |
2
5 *7
] 0 e Seed ot DREIEES
:C:) 0L 105205 305405505 60570= 80=90= 1005
a_’ 25 7
= | 29 July 2007
>
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Fig. 19. Bell size composition of N. nomurai. Above:
TULCam, 22th July 2007 (Mean; 50.2 cm, S.D. = 149
cm, N = 62). Middle: TULCam, 29th July 2007 (Mean;
53.3 cm, S.D. = 13.0 cm, NV = 56)

3.4 £ =

3.4.1 TULCam (C& 33 EAE DE A E

AWFFE CEEBREE L U3 BilEid, xBTS
Y HABICHFEENDEZF XY T 7 PR
WENLEEREWTHY (K%, 2009 ; Baba et al,
2015), MEICHIATZ2MEKIIEFLZERELES> TS
L3 HRNNITH B, 20X /A BOEKTY
TULCam CTHETAZ LE o WHETH Y, BET
& 72 ARR BRI R LS BB CRIEE S - BRE oKy 3 ~
10 fi%5, H# & AEABOR R E R 2 R T & 25612 )
NITEEIIH 5L o725 912, TULCam Tid%
SRR TE& 7, T/, LS50 BHRELET
WA EICE 572K 7 I X e A TE LR VA
b, TULCam Tk 7 S 7Bl Cc&EThY, HH
TERTELIFEY IS5 BLIIY VLA 55D
AT X ORI ) RE STV S 2 L A%
mEN, TR, 7 FEMMHE T ORICWD

16 Cyanea nozakii
14 4 30 July 2008
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Fig. 20. Bell size composition of C. nozakii. Above:
TULCam, 30th July 2008 (Mean; 18.7 cm, S.D. = 7.1
cm, N = 46). Bellow: Mid-water trawl net, 21th July
to 5th August 2008 (Mean; 22.1 cm, SD. = 71 cm, N
= 25)
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EIEMLBVEW)SESMAFE DL Z LI
T, TULCam i & A 7 9 7V HOBBRLLT3I2L 5

bnLEZOENDE, TOZEHIEH, TULCam 12L& 5
REFEIiE BT D2HEOALLT, 757
EHOPFDOWHRICHI L Th %0089 2 ERIICHR
LZHRABIZOHEL T b, BREMLREICBN TR, X
DIEVCHIZ R L CBETLLER D H7:0, EEBR
¥R LD, TULCam TIZF ¥ 7 S5 O5HK %R~
BEAIIIEREN20 m, #H7 /v MEETRMT
LHIENRBEEEZONS, BB, TDE)RFET
BRI VKRR 7217 % TULCam CHRET 2541
%, BIEEELEDO S STyYEOGHA BT 5720
WHg ra— 8 (K% - IR, 2007b) RPETIETF
= (Bamstedt et al, 2003 ; FRiE - &Jil, 1991 ; Hirose
et al, 2009 ; #2E 5 |, 2014 5 K%, 2007) 2L BB
BRTHIENEFE L, /2, BRICKZ 759578
DBEITFETHAL I D5, TULCam EHFHT S
ZENFEF L, ZOA, TULCam TR
WCAHT BT T rHOBEBAREELETE 57
%, SHIEIB 4 248 T € TULCam & B OBERE
BRERBTAZET, HRICX W 7 SV HE2BI8RTE
TWAREZHEEL T, CENZHHEFAESTES X
BT L PREEINS,

AP KEE TS L DRBLR T 257020,
VBICHARBOZMICHBTIRR L FEY 7 5
DA T RARABEEICH, TULCam 2 X 281X
T ESEREF L EL 5N B, TULCam T
EEBE AR ICA S R WIRE TR T 2356 T b
FCTOEEZ KD SN S DT, TULCam DA
PHRELTCEET LT, EEBIES (Table 3) @
I ICHBHECETHRAREE L EBWICKD 5
ZEHNTETHE, T, REBRTTULCamIZ LD
HEINLIY VA 759 57DIEEAEPLER/NLIO
B THole TROFEREHMTAERBL THL
BWEFFIERILTVSEI X 5 Aurelia sp. (L,
2005; k- EH, 2004) LRBOEFELEZONLT
s, TULCam IC X ABIBIXI A7 55D 0Hi %
FARBHFEE L CHORHATE LTRSS %,

3.4.2 ZFEHAORE

HEA AT THY 2ok cOBEL X 04
BEWETELZ LD, TULCam IZ X 2 REFHED
EfiCTh b, RERIZE D TULCam TR - L
EREICETOERRONZbODOEERERRL, £
DEFFNELOFHIEL ZFICBE T 5B ORER
HEEZONL, EFRB M- LMICIIRESK

RBERI VBB LA FEY 7 T XD ERE
3 TULCam TRO-EFR I YD ETNEDh o2 E
b, ABBRICARO—BREL CRP ORI L2720
WWERI D IBOEEN SHE/MEEIEE SR
WD 2, EMShz2y LA 7 55 OKEN
TULCam TR®O7-ZEHORRKEL VI ETKED -
7oz kid, FHEEICERERTCRAREENT 54
BOHHFERICKRERBEICL B0, BULERLEE
bbb, L7 >7T, TULCam TRDBH 4 X &
EBEOKE SOMICKETRL, BEBEOAERK%:
JedEm BT 5 Hk & LT, TULCam i2 & 5 5HH
BR+anBEEETAHEVE b,

3.4.3 TULCam DE:1RAIEREE & kM4

TULCam {21%, 2007 £ SBCHT S M- HBE
iz REHETFTF D AT 2N LR L7228, BB
W29 rEEHRWETH -T2, BAETIE, E5IIE
HE, BREIPOBEIL—AL— MO/ TFH A
TR, BREMLKEEE= Y S MICAFTESL L
IZHhoTwd, TOXI) EERIOBELHVWLZ L
IZkoT, BLHICEEORERCEZOHEERHE L L
SELILATETH S, /2, EBRTERABHOR
M7 L —2%HELCREL 2P SH WD, KPT
OB ZEWTELRROEHA 7 L — A&7/ 12F%
TERE, LYBECRELRMOBFTE S, &
YR EHEORINEIC L - T, BHEAMET, L0
WA Y —THELZEE T T TULCam 2 BEATZ &
LTEXBHEDPD LI,

F7:, TULCam TlEA L L b EHE L FH LEE
ULoBB T 7Y HEBETE, 2RFIZBVWTDH
HBHPEZ HWFICEE S m M EicBWw Ty 5 7%
BATHIEDTETH o ZDLH IR X
WL AHBO LR T IPHRTELLD, HRyiziE
K 7T 4 5 —E0MmEABHIE (Stephen, 2008) 12 I
MEIATEBBL T I 7VHOLGERAETHRE
DISHALMEEINL, Fh7F5HOAL LT, KB
AT ARAEPERLTWA TILOFRERDOE
BIAARFEEZBHTNIEEN O MRENTES
TREMED D 5

2008 FEDEERD X 9 12 TULCam & BRI THIT,
HAO L) i ECHRELSRRICESh 5 2 L7k
RO E= —TEHETELZ L b, TULCam i2
IBBBRFEOMETH S, —H T, TULCam 0¥
ABIUELEICY— TV % FEETHE D) BSIC
WHNEEL TS, KEROHKD, BENEICHE
#lET TULCam # W2 F ¥ o 7 S5O 0HRE
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DRI ER SN TEB Y (Takao ef al, 2013),
EHERIHABREA~OBMETFMIEILTOERTY
720 72720, VEEROFTART I 2B L THEHEXT
TULCam Z ML ZWIGENIT L AL TH o720 &
BIIHEHAOBIIMLEEY AR T I L, MM
EEN T —~—Fr—7VEEZFHTES L)1
WRTHILT, FfiEZzmO2 I LI RUTH %,

F4E KRETFFHATEERELARFBE IO
WCLBZTFEL VT ORNESHHAE

4.1 #

[

BIETHI L7z LM E R A X T2 & 200k
FiEE, ECEREO 2 S5 HOGA AL Z L
WL TWb, SOIEBO Y I 7 OGRS
FgeELT, 797 o2y MEICEYW 5%
WET D HEN B TH D (&, 1975, LaL,
7 S EOERRIETHTH 5720, WOTTHIFT T
WE»SHT20, MECHET /0 T500, B8
M REVPRETH L, 5T, TFEY 7 TT5DHE
HIIKERDDOTIS0 ~ 200 kg l2d% b0 (TH,
1959 ; Z2Hl, 2003), KEIZAME L 72 W 2R HE R 57
FEOWIHAZFIZRI L, BHBEERSATREICR 53
Ebborehd, 2y METIFEY IS RRE
LCHAxiiRsZ 3T LA R B Thb L
BV v, F72, #WikT 57 IV HORBREZRARS
7202, Khh A5 EHCTY Iz RENICBIE
THHEDEZONDN, REICLVBERHEDOR
ZBUHRTH A T 72T X ABETIIBIE TR 2 4P
it A LN TETY, SMESA % IEMHICINET
5 LINEETH B,

ZZTAMETIE, 77V EIBANTREEINS 2
LR HFE VARSI IEENEHIC, Ty
Fx ¥ FE2ERRERL-ERRE b —vficokhes
FHATEREFZFLT, AT EBT SEERE KRBT
FH AT OGP ST HEEER L, 20K
EoOEMEE, TFEY IS KBICHBE LA
WA B W TERERBRTHRAET L L L BT,
AFE D ER1E 5347 & 720

4.2 MEHLIUHEE

4.2.1 FA-IBEBIVETTHAS

1) AECAVARTEMO-LE KBICE, KA
FHB b o — L (=5 €Y 8 NST-09, #8137

S :30m x 30m, MifOmRAEHA 152 m, Ty R
IV FOHA100 mm) BLO, NIEFREo—V
H (=FEyHELCY, WO 7m X 7m,
MPWORKEE06 m, 2y FY FOHA 28 mm)
Tz KFEH MO & LTk, KEZRFRE
FE— VTR EER S v ¥ —F— F (k48 m?)
A, MEERB IO - VRTEAR T H A b
(fifE 1 m®) 2V, EH550RPE Mo—L#D,
WO AWMLz FEY 7500y Py 256
PR E N A X912, ay F v MM U ICERRK
L7z

2) RPFBFO-NLVBICEBLAKFETAHX T
WAz EBRTLIIFEY 7 SXOBEBIE, ATV L
AAF—NVEOMAFGERINE TV ETFTF I A
5 (V= —%L8 TRV-30) 2SN S N7zKpE T4 7
A58y (BETIZTT4 v 7 AFE, EEE14 cm
x £¥30 cm, WEZRERELI00 m) 20w, E5%
A ATIIE, K045 DT FavynN—Ya vy
A (V=—#BEVCL0437) #EEL T, A— L%k
IRf, T4 —hAREREICEE L, KEEFE b
T VT, MOFmEBETA L), KRET
FHATH Ty RV FEmEIZET B0 7
L—24 (EfZ2m) ofyeicEim & cey )72 (Fig.
21), /MIFEFRE O —VfTIE, 2y Fy FhM
EBETHLHIE, KBETHA AT EHAOONY F
O — 7Y 72 (Fig. 22) £72, =FEV 2 5
TR S NIRERILIRT 572012, REIEPE b
O— VI TIEKTEFTF A AT Y N 550
Erskrl (7 Ly 7 BT4EE Compact-TD, #ll % g
TEEE 200 m, AXERLERMIRE 1 ) ZHY AT (Fig.
21), WREBLOCZF XY 7 I X BB INTEE

Cod end
{
« lron frame
- (diameter: 2m)
/ 3
Jellyfishk — Upderwater
[ video camera
&9///

\X\e\“\?/"/ X Depth logger

Towing direction

Fig. 21. Sectioned diagram of an underwater video
camera and a depth logger mounted in NST-99 large
trawl net.
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Head rope Underwater

v video camera

Ground rope

Towing direction

Fig. 22. Sectioned diagram of an underwater video
camera and depth loggers mounted in LC-V small
trawl net.

E136° E137°
T T
N38°| ops .
H ¥ %
2005 s*op7)
10/11 P2 "/
Small trawl net
oFe ™, Noto peninsula -
Op.1
\ Op.A4
‘~\0p.3'§k°1’-5 /2005 ,
N37°+ ~Op2 .10/8-10/10 J b
" Large trawl net | d
100km ; B
1 . & 1

Fig. 23. Map showing the distribution survey of V.
nomurai. Directions of arrows are towing direction.

& L7z MIERE M- VETRBOOANY Fu—
TR 7Ty Fu—T7HRRI, EhEhKEETE
Fa—VEOAE &R ORELSFET WY fHF T
(Fig. 22), ZNENORERLHI CHEZNIIHE SN
FEEOPHEZREEBLI LT ¥y 7 S/ PHES
NIZEEE L7

4.2.2 EBBICHT SFEER

20054E 10 H 8 A5 10 A 11 HiZ» ¢, =F¥
770 ML TV -REE L E T 70 ~ 100
km i, JKZEHI 1000 m Y EDO#ER T (Fig. 23), #a%
AERELHELZ T FE Y 7 55 OSES
MEEIT o 72 REMHE P ORBEIIENE-IZE) T
HWAKDOBHEIZN 15 m Thorzo RMBHIAEA T
BT AKENEHL )y FT—EEL, T—TD
EE%8100~400 m ¥ TOHPFHTHBICEZ LM
LIERMEAF AN O RRTEEN 79 m £ TOHBH % K
#WL7- (Table 4)o HABITXTHPIZERL, KA
Fhg ru—igTcem, MEPRE M —-VETS3
B ORMEIT 5720 KFYFFH A S T—EIZERHET
ELHEHIIRK2HMTHALDOT, —HHH DOEME
BFED 222 VI IS Lz RPYFF o 2
T THE S NI WBICHIEL T, =5 ¥V
TR S WK LIRSS TR O N RE D
LIFE YT IS LT IEE 2 R E IR
yx

e, TFEYIIEDNEL GG L TCOREERD
BHEREZIET L2012, *FYRSTD (7L v
7 BFHE AST-100) % VT, RHEHEEA LR
ER 200 m £ TOXKBEEDZ, RAEHETR O 1
H2mE, # 8RH#EHE L7 (Table5),

Table 4. Operation date, observation time, position, warp length and net depth of observation

Minimum  Maximum

Operationno. Nettype Operation date  Observation time Operation position Warp length netdepth  net depth
(2005year) Latitude (N)  Longitude (E) (m) (m) (m)
Op.1 NST-99 October 8 12:56 ~  13:56  37°-10.0° 135°-51.0° 200~500 14 78
Op.2 NST-99 October 8 14:53 ~ 1533 37°-07.5° 135°-54.8° 200~350 14 29
Op.3 NST-99 October 9 826~ 10:02 37°-08.7° 135°-56.9° 100~400 13 45
Op.4 NST-99 October 9 1122 ~ 12:58  37°-14.5° 135°-53.7° 200~450 21 67
Op.5 NST-99 October 9 1343 ~ 1524  37°-09.0° 135°-58.8 200~400 11 43
Op.6 NST-99 October 10 820~ 946 37°-28.4° 136°-01.6 200~400 12 36
Op.7 LC-V October 11 1121~ 1140 37°-52.4 136°-05.8 100~250 3 79
Op.8 LC-V October 11 1333~ 1456 37°-54.0° 136°-06.1° 100~250 4 43
Op.9 LC-V October 11 1521 ~ 16:03 37°-51.2° 136°-01.7° 100~250 4 47
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Table 5. Date, time and positions of STD (Salinity,
Temperature, Depth) observations

Observation Date Time Position
no. (2005year) Latitude (N) Longitude (E)
No.1 October 8 7:52 37°-07.2 135°-54.0°
No.2 October 8 16:18 37°-10.6 135°-52.4
No.3 October 9 7:48 37°-07.9’ 135°-57.5°
No.4 October 9 15:43 37°-15.6’ 135°-54.9°
No.5 October 10 7:48 37°-27.5° 136°-01.4
No.6 October 10 14:30 37°-31.5 135°-59.1°
No.7 October 11 10:58 37°-57.8° 136°-05.6
No.8 October 11 16:11 37°-53.9° 136°-03.2

4.3 # £
4.3.1 BEIIhLEIFE 7575 0OME

KMEPE Pu— L NIRRRE o — Lo L
LELOMIZBVTD, FET0 mUETHHKRED T
FRNOBIENTRETH - 72 KEIEKPE b o — L
OHRMTEARPEFTF A AT Z2RTHE IR )T T
272, OpATAMLIZZF L2755 DL 11
EHRKBEFFAASOL Y ZHIH o8 o T1
R EICh - D BEIATRTH - - — Pl 2R X,
Fig. 24 IZR L2 &9 ICWFhoBlEIcB W T L N
DM HICBETE, MNzERTLIIFY Y7 T
7 % AR BT RE e I e W 5% H 7z,

KIFHE o — Vvl TIEEN 419 Mo R T
442 Ak, ANRFFBIE b o — VR TIZER 146 SR o R
HWTRM03 kD LFEY 7 S 2BETE 2, BE
SN F XY 7 I 75 ORFE, B EICBT5HHE
EORELZLEDORERS, FEAEOEATEBLZ]
m FERE &R L 72

4.3.2 IFELISHFORESH

ZNEN ORI BIE & RELHETOMED S
IFEXY T T CIREE R EEEICKD, RE 10
m BROBRIETTF ¥ v 7 J 7 OBIEmEEE & %
L7z (Table 6), A#EHE Mo —LTIHEIDOE
EAH30 mEREL, BEL mlZozF ¥y S
SEDEEZHTE hdol/zd, EEL0 m %
DfEERME L7z Opd TR, TF XY 7 55D
A FZ5[ o8 Do THEATRETH o 728 E 10 ~ 20
m AR L 7 otze WBFICZF XY 27 55 ORI
BEESA 2R T 572012, BERM 1557200
B Mm%k Z KDz (Fig. 25). HFRMICBVTHRKR
MWERESENZENRLD, EE70 m DUESE THNT

Towing
direction

Fig. 24. Video image of N. nomurai passed through
in the net. Above: NST-99 large trawl net. Below:
LC-V small trawl net.

ERMBEI2EOATH - 7oA, REMHICEIT 53
EALORMPIIBWT, TFE¥ Y7 TFIEEFIZ40 m
LD EROEEFICHIWIZZAHFLTBY, BE
40 m X D IEVEEFICOMA T AERE RN N
bholz,

4.3.3 IFELIS5FPHLEKED LVES

STD Bl % 17 » 7= & S Bl M BT 5 KR & HE 5
DOF¥E% Fig. 26 12K L7ze WINOBHIEIZBW
T LMD SERERN 40 m T TOKEDH 21 ~
22 °C, ¥E53#7 333 ~ 334 psu DHEEFHANTITITE—
ThHoleo —F, BEHK 40 m LETIHREOINIC
PRV KRR T L, 35 3REWN 80 m F T EAL
TBY, KB X OESFEEITEEEIN TV Z A
bholz, TOZERPL, BEAEDZFXYY IS
&, BB XD R8O EKIRD OIS O R IG KIS
A L TWTe 2 AR S T,

4.4 E=E

4.4.1 FEOFMHE

AWfFeTcid, KPS+ A 25 L EELET»ES
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Table 6. Observation depth, time and number of counted jellyfish observed by underwater

video camera

Depth (m)

Net type Large trawlnet (NST-99) Small trawl net (LC-V)
Op.to.  Op.l Op2 Op3 Op4 Ops5 Op6 Op.7 Op.8 Op.9
E Z & Z £ Z g =z & g = Z B & E & E =z B
¢ 2 g 2 & 2 &t 2 t 2 g 2 & : :t z & 2
g E=RNC E=RNC S & 3 & 3 E=RNC E=RNC 5 3 RG]
z
0~10 0 0 0 0 0 0 0 0 0 0 0 0 49 1 125 16 52 12
1020 1263 63 1379 81 2248 54 0 0 4087 41 3557 74 147 2 1269 27 13 1
2030 1196 4 1021 12 1873 47 508 19 166 1 1237 26 165 8 1366 22 1026 6
3040 60 0 0 451 5 18 2 1727 366 5 136 4 29 0 317 3
4050 61 0 0 158 0 206 3 80 0 8 0 85 1 362 0
5060 276 0 0 0 750 2 0 0 8% 0 0
60~70 368 0 0 0 536 1 0 0 124 0 0
7080 376 0 0 0 0 0 0 408 0 0
Total 3600 67 2400 93 5730 106 2182 27 6060 44 5160 105 1200 15 4981 66 2580 22
Number of Nemopilema noumurai counted per minute (Inds.)
0 1 2 3 4 0 1 2 3 4 0 1 2 8 4
18 }No data ) ’ 1(? o cata ' ' ' 12 No data ' ' '
2 3.0 2 |35 2 14
I jo2 . L EE w0 15
00 02
a0 f Op.1 40 t o 40 0 O3
% oo ' %0 | No data P ol -
60 | 60 | 60 |
o l00 | o | [hocste
g0 1”0 8o L 8o L
0 1 2 3 4 0 1 2 3 4 0 1 2 8 4
o ' ' ' S ' I s ' '
10 -}Nodata 10 - 10 5
20 20 20
p- 5 50 bo4 " 3
40 o7 40 197 20 [0
w0 =% Op.4 50 [°° Op.5 50 1 Op.6
60 ) 60 60 r MNo data
20 Mo 2o | [ Nodsts o f
gg LMot 8o L 80 L-
0 1 2 3 4 0 1 2 3 4 3 4
0 , . : T : : . ; ; ,
o 12 o 08
20 08 o 13
a0 |29 a0 10
40 —]00 1% 40 u‘;‘?
o0 [00 Op.7 o Op.8
70 _0,0 70 L No data
go 100 8o L

Fig. 25. Vertical distribution of N. nomurar observed with the underwater video camera attached to
the NST-99 large trawl net and LC-V small trawl net.
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Fig. 26. Vertical distribution of water temperature
and salinity of experimental area. Thick lines are
mean value; thin lines are minimum and maximum
value of No.l to No.8 STD observations.

L7-E&HRE bo—Vilgz T FE¥r 7 55 0MHE
DA BEEICHAROND Z LB EIF L2, B2ET
BARI2EHE, FE1 mBEOZFEY I 5D
KENDEH02~03 7y bEAIVZ ERDS (A% -
T, 2009), #OK4 /v bTREINS ba—)L
MWL <, =F €y 27 700 % M3 5 EE
BIEEAERWEEZ B, 12721, KBEFTETH 2T
DBEHF D ETH S E, ALEEKIKFE
FAAATOL Y ZAEITHEE o THRZ T 535608
BHolztzd, KPEFFH A5 OBEHIIHE AN
IRETHIENET L, T2, BRAEMEHAIN
EICRELTD, BEEIBl-8H25 I LTk o> THE
BICRRENELLZWEREDHLDOT, TELETI I
FEIKRT A XTGBT KT HTRDLE
EEzx b,

KIWFEFE D — VR OmENLERIRENE
EMS, TFEVIIHIVEBRTERVE ) RS
HEOHE 2 Hwild—EICBIZE T & 2 lEED% <
%0, AEAREOER A BRI BV TR W HiH
THAEARONEFEN DD, LrL, RERTH
WA L) IO BEKE T, MEHEZE
BLTLZE ) EERSEL RH0T, IEMHICAREEE
REET A ENTEY, BERKEEZEEMITHAN
AT ENPHEETHL, 72, REERFRE Mo —L@T
BB HEE 10 m FTOIFEY 7 I 7 D5HE
NTWi WAt (Table 6), ZHIIMWODE S 2% 30
m&REVZDIZ, RDBEHELZ ZRPBLAKETD
MITROGARE 10 m £ ) HEL 20, WEAhEicwy
BIFEY I FOREXHNTE L, o7272DTH

b5, ¥/, WOMEORBARIFEY 7 I XOEFL
DHIEBDICKRED 7720, AMLEEZ L ok
Iy Ry FICEZhDEICEBZ2E8LTRBY, £
BB E 7 H 2 T THRE S N-MEEE, fOoh
LESTAHLTEFOTFay P v Fi@a L7
RBKEG R ED- LIS NG, REERE MO —
NHEOHA M &7 ) DT ¥ v 7 T rBRERD, W
OBEFETL / 4UTFENSWNIERE N a— L0
BRRMHLYDOIFEY 7 S BERERERNT
Ex5dh (Fig. 25), AML-MEDOE A H %@
BLTWREZEZ OGNS, 2721, AR
INEL oz T, SEOMAEIZR - TUTFHRIZ
IFE Y7 57 DOKREDREFEDAOILEAVNEIF R
Bro—LV#ERBRCTRETHEEZ D,

4.4.2 BEEHFHICEIMESMOELOEIE

IEFE T —-V#TH B LCV F v M, —H
DHRMTHBETE LT XY 7 57 OEEKERL v
OO, MODE S 7m & BN WD,
HffEE CEHRESAZ RO I N TE, £
72, COMRIERE O —VETIE, EBREEEICELL
TLFEY T T DOREDT 2 BRTE 72, Fig. 25
Wk Bk, FRiF1IREEORMEE (0p7) IKIXERE
20 ~ 30 m CTHFHM» ) OBEEEALKI R KE
Molze LML, FRICEAERDZFEY T TI
ZLBBEINLBEEFRIEAICEAEL (0Op8), 1500
VoL TIZ (Op9), HE 0~ 10 m THALREM
Bz ) BEBEEBEPRDRELS kol 77 7HIT
ARESTERB 21T WHEEIH 5720 (ZH, 2003 ;
Moriarty et al, 2012 ; Dupont et al, 2009), TD X9
WIS L > TEHTHFE Y 7 75 DERES
b, WEBM/NS RO AT 5/ KRG b o— Vi
FHODEEHEMICHBTLZENTE D, 27L, &
B A 2 /AR T A560E, WRICHEBMSLELE %2
BDT, HENEFER EOMFLL OMHIHRY
LEZ NS,

443 EFHZREOHEE

2005 EORETHEA L/ RPRE b o — g,
HMEOHERIFEY 7 F7XDOREE LB L T/RE
olzizd, EEFEEZEBL ko2l IRET I
i, TFE V7 I OSRBEOHENTRETH 572,
NEIERRE T VHEOMOBREER7 m OME
ERS B &, ARMOERE IR 385 m* L b, R
MHEHIZ 4 vy PTEIC—ET, ARLZEERE T
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TEHHTERLT5L, BIEL FEV 7 55708
BENLZEEIO~20 mBEBYBLIFEY2FH
DAL, 1000 m® I 0.25 kL R TE 72
72720, L DIERELEESR, MERNIIEWHEREIZE
T BKESA H BT 50121, BEBKRS TN
BEORENFOFM2ICESR, MOBRKIE—ETH
AHAM7L—A Fa—UBEOBRBAIZOWT BT
REBETH S, Tz, BEEEESLEHEVES
2, REHEIEVEAE, KEABICL 2HBOR
EFENDOT, Ty FY F2EUAEBICX ) iRE
T, EBROABBEEREOMERRLEFFTUELIT)
CETHEDOHERZHDHIEHIRYEER B,

4.4.4 RPREDHRE

RETIE, KREBIY LBTHHEEH 40 m L
ROBKBIOBESORBT, FiIEl o FEY
TISPEREBINL, TFE¥ Y IS RPEBET
REL, NERKICLY) BABBEBICHEINS
(Toyokawa et al, 2012), *BEEHIIFIZHREBOE
BffExHEhTwaZ ehsd (KRBT, 2015), 5M
DORETHRER 40 m LR TBIHE S h 7z LRI E KR
POEEGOWwKIE, PEIRE L DS HERERETH
RIFIZHAL72RBATH B LHMT S, LIzAF-T,
SHREZ LB LEHEFEERICHKFICHEAT ST
FEY 7 I 5D% L, BE L) RBEWE KR, DK
WOOKBIELHH LT ELORE, D7
B, TOEBTKEOHPICETEY 7 I 75D %
SRR S 20, 2TV ISP ERTER
WHAOHEE TR S, BOORE SHRER/AS W
INERIFEFE PO — VSRR ET A A AT REEL
T, Pl b BT, HFRE 40 m BEE Tof
BN CTHRBREEX2ZEZ R OBET LI HENET AL
Ex Do 12721, WESLBENSHEOREESR L B
NIZBHREDIRLLOT, TF ¥V 7 55 DHES
MOEEOREFRLEELRDTREND 5, T/, 4
EOMIEMERRETRZLWREED H 5, HEHS
B, BRI DT Y 7 IS OIS 2 AN
5720121, RETFOBOEReMBERSIC BT 5
RARBER 2 ST 22 &, $7, AFHICLY
B2 REMECTEBICHESERTESLH1Z, H#
BRREFELEELTEILORWTH S,

4.4.5 MESHHENDER

AREFEOERME LT, 2006455 & U 2007 4
WX FE¥Y 7 7P EAREICRERB LIS, AH

EFEEBCCZTFEY 7 S5 OREDH ERT.
FAEML, 200 EOHELFA UL EEBEELZHAY
7o RIS 7 IV RERATHICER S 2k
FErO—VEy b (=FEYHELCI0 net, LI
I0m X 10m, FWOBEAE:30 mm) #Hw/, BE
PHohEBERIF Y 7 S rEEET A LT
v —7, #MMISEKEou—-CHEERIN, £
DA THEEFHRINE Z Lidh v, BODETIC
FFLUIEREE (TUVy 7 BTH#E Compact-TD) 12
I ) REPOWOIREHHE D ICBH VT3 Z & 2 5ERE
L729 2T, BHEoOEOOEIRE G LEML CEE
#785 m* &L, RIBHEMZRET 52 & CHREEZRD
729 AT, HEH) OBAEBFEEZEE 10 m I
B L7z, RAAEES L OCHEBERE S AEERE
Fig. 27 2R § . WThOBMIZB W T FE 7
STOSMHEREZEHNT A Z EA5TE, HIHEKE
FAEZERTHIECLIVFH L BTFBOFEL
RBHBEHHFOELDIBETEL, ThoORKRIE,
BRTLHETECBNC, ZFE Y7 57 OHRES
LR RE DR ERE T 5 72D O IZH W72,

$55 BEFEBEZAVAEIFEY I ST OEXTE
RE

51 ¥

il

B2BETRRIEAF2-"FKIZLbFEY 75
FOBEREBETIE, RREEHN4HS m FTEIFL:E
&S, 2F BV IAPELITELIBITLTNLLZ L
PRSI NIz R LEBBSE TIIEHRTE 2 5REN
BRoh, ThDES LR OBEDERIIATET
Hbo WAET, KPFEFET I AT 2EE L O—
WHIIZE D RRKIEEHSO mFCFEL 7 5T5D5
MHERELLD, FRUROSHFEIRATH 72, F
72, HHOHDOBHNTHREMTIC X D SRES LS
THEMAHRER, TFE¥Y 7 57 I3HERERS
29 5MEED RSN,

IFEY 7 TAOTENFEICDOWTIE, REZ S8
Ehol. BIZIE, TF¥Y 7 FXOBRIKEEICET
AR INECIILEALEr o0 TF ¥ 755
OFEHRRECHET HERE, —F L7570k b5H
EWEBRBN K ERFATE00OEBEEREL b, B
RIE, TFEY 7 T EKERREY OBEKEE R O
SRR BB, BERNZEY ST ELRY,
LFE YT FrPOA LR T WIRER 72T I B R R
EEPLEDTERE, ERNEIREZELL L
WheE b, Tz, ELEBRICBWTI, $RMNLE
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Population Density of Nemopilema nomurai (Inds. / 103 m3)
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Fig. 27. Vertical distribution of population density of V. nomurai observed with the underwater video
camera attached to the LC-10 trawl net in the Sea of Japan in 2006 to 2007.
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B1ETHRREIIICTIFEY 7 X DOEERKR &
WIZBT 5B TS 572012, B4 RET
HETFNVEOWZENED LNTEY, ZOBAITBY
TAILFEV 7 I BRDSMT HIRER LR TE
L, ZOBREFICBTHEROEE, S, HAZH
DWP/~NTF XY 7 70 FET LM E2FHlT 5 2
ERMBICR B, TOEHIE, TFX¥ YT TH DK
WEZHAZLIE, TFE¥Y I XL BIERED
B, TFE¥Y 7 X OMETFICHRIOEEZS
Nb, 212L, ZF BV 25 5DEH KMo 545
HoOTHZ2ERT A TFERI NI Thdbolze £2T

AKETIE, TFE¥Y 7 I5OFTEZAEEICHRS 7
DOFEEZZEL, FICHEBBFEICHE L TR,

52 MEBIVLE

5.2.1 EKREDREFEDRE
IFEY T T OMBEN RS Tk LT,
EIETHHLAERDE b — VLR YT o A
TExMAEGDLETRED Y IV HOMES & ER
WICERD ESSH o7z (K% - ¥EF, 2007b). L2
L, ZOFETIRERL LTOSMERRDL Z L3
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BTHoTd, EEOITHZERNICERUTLIZ LI
TER\V, —F, EFZREL L 7—FiEHax
FBYPHRENTF =50 =T =LA NN T L
Vo /N OBTERE, RENRE T HKTEWIC
BELTHRIEL, —CHFRERICHUHEETHZ L
TF— % % BN L THREW O EIKIEE & T 5 Fik
BEVSN TV (WiE, 1997, 811, 2001). L2 L,
IFEY 7 GHEKRBRHFETE LD, TDL)
G EFEZRZBERINCTE 2 Wi IRy, Mk
DI EFERLT, ARETRET -7 EIZFEY
IS SORHEEELEL LEVWRYy STy T4
SV % %7 (Pop-up Archival transmitting Tag, LT
T PAT) B OBEFHEREZ (Ultrasonic pinger,
VLFCid Pinger) #BEFERL LT FEY ST
IEETHIET, TFVY Y FXOBKEEELRAN
72

5.2.2 BFEZBOLE

PAT ix, Microwave telemetry % PTT-100 & %
v it Wildlife computers ft: 8 Mk10-PAT Z F v 72,
EHLELOPAT bFRBEZERZLTEY, S 16
cm, BAEH 4 cm OREKICH 16 cn DT ¥ 7 F 4
FnTWwb, ELIEH65 g THbH, PAT ITITRE,
BE, BELVIPERBINTEBY, ThHooksy
X pkpTEEl ST — 2%, PATICHE SR
AT ICREFEEND, F— 7 OHEL L URLHDS
RIZEWHEICL YRR Z DT, PTT-100 & 5 5 B k&
TF— AR HSNB L HICEREL, MkIO-PAT X1
SERTHEEINF— 7 1 HEOEESFE L
TREINDLIHIICERE L. F72, PATIZERS
NrEREX Y CRGFINF—FicihRkooni:
HEEEA» 5%, PATORTI P LMNBREEYH#E
FTHIENTETHS (REEOEE 1),

PATEd 0, LORESN-FHZEET 5P,
WESNDEBEICEAD 2 { b P LIRITHREY
POUHEEENT, 2BV ICERESNLT—F&T WV
TABRICEET B, Lizd-T, NREYOERE
BIUPAT 0BG LEL V., 72721, PAT D&
MRERRETOHERE L URFRBIZLY, HES
NF—FDFTRTBRTNVITAFRICZRE SIS LT
RS, TVIRAFRELIE, 79V AMEFHYL Y
¥ — (CNES), }E#HEXRRE (NOAA), FHHizE
WFZEBARAEE JAXA) DL ELRDEEL TWE T —
FIEROBHETH A (CLS, 2008) .

Pinger 1&, VEMCO## V13P (¥ &4 cm, B
13 cm, EE6 g HHWVWIEVI6P (BX 6 cm, BEE

16 cm, EE10 g #H W/, Pinger IZIZEE+®L Y
PHEMEINTBY BEOS m), HIESh/I-RE
F—FIIRGTEBFE LTRESN, Z0EE2ZE
22 (VEMCO## VR28 v X5 4) TRZELLIFLHH
TEWTS L THREYOBEREZ VT VS [ A
WCHEBTAHZ LN TE S, R L7z Pinger DEFHE
ERREIEH 30/ THY, PAT L h dE VB CRE
ZENT 2 ZLFTRETH S,

523 BFIEEOEESX

PAT 3B & UF Pinger 2 KB 2 5 7rEHICESE L6
Bl o 72DT, BHIZINSOBTFEROEET
BEaW L7 PATRERCSZuER I VFELRY
DORBFIHEOITE 2 TRELDICHVONTED, 3
SABETHEL TR ETARRNICED ALY, $EICXD
ZEH L CTHRRICEETH I LF—RBTDH S (BE-
B, 2003)o L L, EXGIF¥ 757l
DFFHELTMEFTHDL LTS 2 LidEd CTHE
Thbo Tz, TF¥ VI STOAREIIAEL K
LCHEILELPWD, i TREFMLTESEL
THBDOTHANR TV, F2C, AFz2—\FKizk
D, KFZEKTLZLFEY 7 STICETEREZIY
FF7=T52AF v 78NV F T TEAYE) 21
FEV I STBEMTLTEREER L, NV FIZ
EI¥EHA 20y 7 %4 (HellermannTyton
B OaHEEA -V FL R % 4 SEL-R] iE 7.6 mm
BLUoy* Ay FSELH2) #Hwi, =5
Ly 7 dmFIECElREEE T 5720 (K%,
2004 ; K% - JEIR, 2005), T&5ZFAKHCTHFH
FAN—IHN WIS 2T AUERD B, 2T,
HROE Y 279 7y — L = — VEEZHAE
b CEELLEER (BX60 cm) OXWICH S0
CH/NY PR 7T (Fig. 28), /S FOEOH
WL F XL 7 T 7FOREREL SHRTHHAEROTIC
MBS AEREE OBEOMICE SN 5 HETES
L7z (Fig. 29)c NV FiZ—EHOMIT5 BT v
HELZoTWD, TF Vo5 4 3EHER L ORLH
DOEB L CRABIRE LT BEDT, BFERIMATV
TNy FEREEMTITCHOHRELIC W,

524 IFHEL 955 A0 PAT &V Pinger DI

PAT 3 £ U Pinger i, 2004 ~ 2006 4 9~ 12 B
2, BREEHETM2SHEBEREREMN T TOWRT
£F08~16m (CFH 12 m) OFEYZ FHFDR
BEF 12 EARICAF 2 —NERTEE L, TF ¥
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7 55 DR, PAT B X U Pinger 2233 L/-4EHAH,
IR X R % Table 7 12RY. 22T, #1%
NOBTE#ZRB I OEN T $5E LA % PATL ~
10, Pingerl ~ 2 & L CEfA#&BI$ %, PAT A5z F¥
ISP EESNTHFELET S I TOHMIE, 3
BRI E L7zo PATL & PAT2 A b2 & BTl
HfFEICBNTHRALZMEAETHY, PAT3~108
L O Pingerl ~ 2 13 L5 O HEDAIAWEETH - 72
HEER 15~ 35 mICBWTAF 2 — K THRRLE
AT o o 70 BENOE TR DOLERF ITH L 72 Re
i, WIFhOMETH 50 RMTHo70 &b, MWK
OHELY D PAT OLEIZ/NE L, Pinger DILIEIL

PAT

(PTT-100) >

Fig. 28. Tool for attaching the pop-up archival
transmitting tags (PATs) and pingers to the giant
jellyfish V. nomurai.

RKEWD, BHTHEFEDEZROLHIETOFRER
B MM THEZHRIEL, £72, PATB X
F Pinger # 38 L7728, AFa2—NEKTH5~20
ST TENENOMEEZ B L 2535 ik TE %
HREL7-E 25, PAT R Pinger BE U Y 23z F
U3 roME e MET 5 2 &3k, EFREK
TR TR & 2R L 72

5.2.5 Pinger MBHH %

Pingerl & & 13H4 (156 b >, HARMEXKENFE
FTiTiE) %, Pinger2 13 5-LHIMILE FI v THEHF L 72,
EL LMD, GRAMOEEN S5~ 10 m IZRAH
DZER (VR28 Y AT 4) M0 T, ZE#ILE
Br—7NVEN L CTIBICRE L, — NI PCITE

Fig. 29. Attachment of a PAT to a N. nomurai in the

water.

Table 7. Tag identification, model type, bell diameter of the jellyfishes, deployment date,

position and areas of the sea investigated

Bell

ID of tags Model type diameter Deployed date Position Area of the Sea
(m) (year) (month/day) N) E)
PAT 1 PTT-100 0.8 2004 10/25 34.984 132.128 Off Hamada
PAT 3 PTT-100 1.4 2005 10/4 36.552 136.390 Off Kanazawa
PAT 4 PTT-100 1.0 2005 10/4 36.549 136.388 Off Kanazawa
PAT 5 PTT-100 1.5 2005 10/4 36.557 136.391 Off Kanazawa
PAT 6 PTT-100 1.3 2005 10/4 36.557 136.390 Off Kanazawa
PAT 7 Mk10-PAT 1.2 2006 9/15 36.098 132.903 Off Oki isle
PAT 8 Mk10-PAT 0.9 2006 9/15 36.106 132.909 Off Oki isle
PAT 9 Mk10-PAT 1.2 2006 9/15 36.106 132.909 Off Oki isle
PAT 10 Mk10-PAT 1.2 2006 12/1 38.272 138.527 Off Sado isle
Pingerl V13P 1.6 2005 11/27 38.111 138.473 Off Sado isle
Pinger2 V16P 1.5 2006 9/22 36.191 133.155 Off Oki isle
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%t L72o Pinger b OMEWEFEZETH L, PC
D E =¥ — FIZ Pinger O AX 197 5] & BREEDIFOR
ENBDOT, ZOHMITHHEZMATSIESLZ LITLDY
IFEY 7 7% B L )b WERERE T — ¥ & %
L 720 MUAT HOIE AR AR S 24l S L7z ADCP (Acoustic
Doppler Current Profiler) (2 & ) TF¥ ¥ 7 7 7 hdilE
KT AEREORN 2 B L a2 5BH L7z, $74, 8
PROEE & EAIZIE, STD (7L vy 7B T4h# AST-
100) 12 & Y KiliB X O o sriEfiE 2 5 L 72,

5.3 #& R

5.3.1 PAT 7—4&OEYE

TIVTAERIZ X B PAT 7 — & HILEK (=ff 2
OF— ¥ ZER/PATOF— 7 HIEE) &, BRI
W L7z PAT A4KH9 5 100% D 7 — % & \ILT & 72
PAT2 W Cid, 12~ 84%TdH -7 (Table 8), (I
EAEDPATIZBWT, KMl L7277 — & A3 i
O EDEFHIZRS Z L3 Do/ T, DHED
AT CTF X v 7 T 7 OWEGREE P 2 {885 5 720
o TF— 2 0RTH o720

5.3.2 PAT OF L{IE EBEIHM

LSEOEBRTIZZF ¥ Y 27 T 5 OKFEH) I
WA o 72720, BB O A7 B AR 2 B HE
ETEBIILEDRETFT— 71X PAT CREE SN b o
T2o 72721, TNITAFROW Y AT 22005 (CLS,
2008), PAT 25 L L7 iEDHEENTHETH - 72,

ZNZFNo PAT OF LA & BEy )7 % Fig. 30 12,
WRET— ¥ Z ik T & 2 % Table 8 \2/R L 72,
PAT ORAENMIE &7 LAEOHGI S, FEALD
PAT 225 MRS HERE IS e o TG ISR L Tw
72 EDHERR SNz PATS O AL HF NI E) LT
BY, ZoBIHEENT 21 0BT 240 km TH - 72,

5.3.3 Pinger MBHiEFE & L U EELBH

Pingerl % %75 L 724K 1340 29 I, Pinger2 % %%
LA 23 B o ikt L 72 B 24T o 720 #
NENOMEKRDIKFERBEIF % Fig. 31 IR L7z, W
TNOEEOBE Ha D, BEPFHICELE S ko
WEGKIE DTN & 1FTIE—F LTz,

131E

The Sea of Japan

X : Attached position
| +: Surfaced position

+ 34N

Fig. 30. Horizontal movements of the tagged MN.
nomurai as estimated by surfaced positions of PATs
in the Sea of Japan. Squares: (@) and (b) on map are
investigation areas for pingers.

Table 8. Retrieve rate of the data by the Argos satellites, observation terms, the maximum,
minimum, mean value of swimming depths and ambient water temperatures

Data retrieve

Observation

Swimming depth Ambient water

1D of tags ;Zttzlll)ielzr(g"/oo; term (day) (m) temperture (°C)
min. mean max. min. mean max.

PAT 1 21 3 0 8 16 20,5 210 215
PAT 2 100 2 0 6 46 19.2 206 215
PAT 3 62 21 0 21 78 10.4 199 23.0
PAT 4 28 5 0 28 59 18.7 21.53 22.9
PAT 5 47 15 0 25 71 142 202 229
PAT 6 17 5 1 25 50 18.6 20.8 22.9
PAT 7 28 6 0 37 144 11.3 20.3 23.2
PAT 8 84 10 0 58 152 11.0 189 234
PAT 9 T2 15 0 28 136 12.4 207 234
PAT 10 12 8 0 76 176 8.8 15.0 16.6
Pingerl = 1 0 20 152 T:5 16.3 16.8
Pinger2 - 1 0 21 106 155 21.01 217
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E138-25 E138-30
1 1
Sado Is. / 1.~ Finish tracking
11/28 15:30
38.1248N,
138.4846E
' Start tracking
11/27 9:46
o 38.1108N,
2 AN 138.4727E |
o L8 g'v»/
z AN /
\ e "\/""‘M
1km —_/  (a) Pinger1
g-}/ﬁ " Finish t}acking ' | Lﬂ Dogols.
2 S 9/23 9:42 - it
2 36.2368N, 133.0564E \ \
e = | } '
f ¢ Start tracking
9/22 10:30
36.1911N, 133.1551E
/ / NN
S ’ / i
|~ /\/ ru\\» - L \- ‘
ML e
A N—""") llt\_,\L, , -
s N (S5 A (b) Pinger2

T T
E133-05 E133-10

Fig. 31. Horizontal movements of N. nomurai as
indicated by tracking the pingers. (¢) Pingerl (off
Sado Island), (b)) Pinger2 (off Oki Islands). Locations of
the investigated areas are indicated on Fig. 5-3.

5.3.4 WEAREHICEARFDKE

PAT B X U Pinger Tl E -2 ZFh o4k
D PR E O KRl % Fig. 82 B X U Fig. 33 121
L7zo % PAT OF— F @ AN Rz o 72720, &
Z T3 PAT1 ~ 6, Pingerl ~ 23 i 2 7R L,
PAT7 ~ 10 & 1 B BOFHEERL Tnb, W
NOMES SHERB LV EL 25 KT 52 &
MRER SNz $812, PAT3 Y X I ANGEER
FAREIN TV, W o2ofifk (42 PATS,
PAT9) EHHEAMTERAELREVEBOBE# ) E
L7

Pinger Tli%, B& % Mb 3 HREMIZ 100 m D Lo
READEAITEF LB ) B S ERLITE MRS
72 (Fig. 33)o Z M2 DK D ik 5 B O i KA,
wME, SFHME, B X OHEREEOKBOREE, &
KM, F#4E % Table 8 IZ7R L 70 &M ko i ik
JE DB & ¥ L 72 fi % Fig. 34 (2R L7z, TF
YOI F7TEE0~176 m ODHEHFAZEKXKLTEBY,
SRR DR E DBEPE ZIERE 40 m LB WA & &
M 68%TdHh -7 (Fig. 34). FMIKD ki E DY
fElX 6 ~76 mTH Y, 12 MEA&H 10 EEIZ 40 m Dk
THh o7z (Table 8), FAEED B A KIBHE L 75 ~
234 °CTHY (Table 8), 95%LL D HHNE TR 14
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Fig. 32. Time-series data of swimming depths of V.
nomurai investigated using PATs. The origin of the
x-axis is 0 hour of the first date. The data of PATI to
PAT6 were recorded at 5-min intervals, and the data
of PAT7 to PAT10 were recorded at 1-h intervals.
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T T ¥ W TS
P e /\ v
50 \‘ hed W' l\ \
; \
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E N - \
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§ f MW }fﬂ\\\ ( e Aﬂ{mﬂﬂ ’{N\m‘\,
50 \ J \ |
100 W‘”’““’J
(b) Pinger2
150 Sunset Sunrise

Fig. 33. Time-series data of swimming depths of V.
nomural investigated using pingers.
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Fig. 34. Mean frequency of depths for all observed N.
nomurai .

*C LLED WA LTz,

Fig. 3512, PAT 3 & U Pinger Tl S /z47—
7 h %fdi’j‘??]\m\‘ff RO 7Ty b Uiz, dEkL
T2 KRB PAICIEMAE TR E A EEN LTV O D,
2006 4F 12BN L 72 4K 2004 4E & 2005 4R ﬁ«”‘
MR E IR L T ETHITLTBY, §XC
ATl vk @mk@iNOm%ﬁifwt(Hg
35, Table 8). F 7z, 20054 10 A UL CBHM
ENZPATS ~6 £ 0D 11 ISy TRl S e
Pingerl ® )75, 2006 450 9 H 2k ¢l £ 7z
PAT7 ~9, Pinger2 X 1 & 12 JJIEWEMN THIN S
72 PATI0 ®Ji7%, X Vg E Tt LT/ (Fig.

5.3.5 WKEEOHEM

Fig. 3612, PAT B X UF Pinger THIE SN2 57 —
5 & 3R 72 T VKGE L OO g ] A & A2 8 L
2o 75 7HOMNOKE é W&, 3 WERIE o R E %
%9, PATI TIE, EREEICHAEDRD 20 L9 0
%%%KMmfé&#ot%@@ FOMDOTTOH
RO B oRGEEEE, Ak ) MDA L % H1E
AR S 4172 (Fig. 36). 4#12, Fig. 3512CY A3
AV R ERATEASRL R S L7z PATS T, Witz H
JATEDSHERE 2 ATz F 7z, RHERMN, ko En iz
L&A oEEIHEL OO, HIIZIZ T LY 5B
FHiE 2y (PATL10, Pingerl DAV, #RENZIZF
HEDLTRMOLIEL 25 (k) b ERs
7z (Table9),

5.4 E&E
5.4.1 FAEFXICEHT M

IFEL T T OTE% PAT EOETHE .mk
NAFT VU XA M) —FPLTHIT %3 H1 &
Mo lze GHOFERIZLD, thDa;*HHﬁ}dm‘? &

THOITHEIWICAHNTH S Z & 2R L7z, 72721,
FEAEDPATIE, @ LMH XY aiicF ¥~
2NN TEHEL L, TORKIZOWTIZRE
TELRMPob oD, PAT PR EEMED LT
WEZ NS, BIIZIE PAT O¥EI2 X Y 7H)12
WG AW L IIEAEBOBEN SHATE

35), OO, REIWIZIEM S 0Bz 52 A0ielkd &
AHNDIZD, BEERS I PAT O 4 X2k
EEMHORMDB D B0 S, LD /INED PAT 255
Temperature (°C)
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0 T 1’” ¥ 0 i 0 T e
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Fig. 35. The relationship between swimming depths and ambient water temperatures of N. nomurai

as recorded by PATs and pingers.
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Fig. 36. Diurnal rhythms of swimming depths of N. nomurai analyzed using all of the data recorded
by the PATs and pingers. Circles relative frequencies (as indicated by size of the circle) of the
swimming depth at 3-h intervals during one 24-h (day) period.

Table 9. Mean swimming depths of V. nomurai according to time of the day or night

Mean swimming depth (m)

ID of tags Daytime (sunrise to sunset) Nighttime (sunset to sunrise)
All A M. P.M. All P.M. A M.
PATIL 8 4 9 7 5 14
PAT2 3 3 2 12 5 19
PAT3 12 13 11 29 24 33
PAT4 19 30 8 39 31 45
PATS 24 27 21 25 22 28
PAT6 23 28 10 29 25 34
PAT7 20 24 17 58 24 93
PATS 56 56 55 66 62 70
PATY 18 19 17 24 15 34
PATI10 54 37 71 67 8 82
Pingerl 10 7 17 29 28 30
Pinger2 LS 17 11 24 9 76
FEINNE 7 7 7BICE 2 5B RE R ORI A 2ihb,

FT& 5%, $72, 4O PAT AT, =FEY S
T OWEKFEEZLRT LD E T REDT—F
HFELNZ OO, X EEIERA 21T 21T
BTG E62E25L, TVIAEHRALLLT—FOD
ZEREIRLTEVDD TR o7, T ZEXE
LN EOBHITIE, BEEO/NNULIZMZ T, kD
NBLONy 7Y —FEIBIEI N PAT ORED

Pinger S CIX N OB LA BB OBIBRIC X
D ESEEEIER I HMIcE EFE o7 2L, &
E ] L7z Pinger ® /3y 5V — &%) 2 BB O £l kr
%44 %, Pinger 13 PAT LIk L CHHEZEEHAD
P A ZABTHNE DT, BERDFTENCG 2 578
LAV, Lo T, BRPRAEHBERETE, &
mOEBREYLEMIChIoTZFEY 7 57 % BH
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THIEDWRLEEILONS,

542 XRKFBEHSIUCEARELBEORERED
Btk

S L3 A EDITF B Y 7 95 DOBIREE
OFHEF A0 m LY AS L, FICHBERNSEROKRE
BEKL Tz COHERIE, F4RIIBWTEPE
PO —VHBICEE LAKPETAA XTI DRAE
LR (RZ - #E, 2007b) LIZIZFMETH 572,
AAMBICHET 25 Y7 540, FICHERRRE
BTREL T (Toyokawa et al, 2012), STEBIEFHRA®D
FEAKELDITHERBE)S HRBIZHAT 5. TH
TR L R & B L TRV, AT SR
FICHABOERBMELZRA TS (KRBT, 2015),
L7HoT, ZFE¥Y I IFPFHKL T RRYE
KIROEBAKIL, WBHICE D PEE -GHEEENLE
POEEINBFRKTHoEEZ NS,

PATH#HAEIZL Y, B ALOIZF ¥ I35
WA CHARBRZAEFMICBE T 5 I L2
FEhie LPLEWVS, X755 A awitaT
Mo Twd k)%, KEOHMEEEIIKFEEE
45X %EE (Hamner et al, 1994) 3RS iz
o lze ME—ILTHEICRE) L7 PAT3 I3, HE:Z
DRI S Tz KB F O LT IR & i
WMICHYAEFN TV EHEMENS (Ocean surface
water temperatures by data date in the Sea of
Japan. Available at: http//www.maizuru-jma.go.jp/,
accessed February 2006) o

T, RPLLNIHhF T FE Y 7 I F B HRES
EFT2HICONT, EXKEEOHBEADRLIIKREL L
LIEMPDHo72e COBHELT, ZFELIZ7F5D
ST B BRI RBAKY H ARG LR ICEE L
H S, WHEHEBHEIC L HBIICE D HRLIT8H
BEHECBRICBE SR A DI, ik & HICH
AEEZBET LIS LY 7 55 OEKRERA S Mk
B AR Tl e E LoD, —F
T, BRRICHEWEKEBIPEMT 22 ETLIREBE
TETAREIC 25, b LARLICHENPEELLET
HEOREWI SV EOEIERLRLTEY, #HK
ELTCHEKIEEHBANRE S 2B, L) X HITERE
M7 3BT X 2R D TTREEDS D 5 o

2L, ZFEY 7 FMERL Tz KiREEREIC
132006 4E & 2005 FETIZE A L EN Do /Il bEb
59, 2006 SEDHH2005F L D HEBETLTFEY
7S FBREFT LTV, ZOBROKBEDOEHED % R
THBE, PlziZKIEH 15 °C DEREEZ ILET S

&, 2005 SEIIKER 15 °C DERFEEIH 40~ 90 m
THo 72D LT,2006 138 100~ 130 m TH Y,
2006 FEDKIED F 2B F TEH» -7z (Fig. 35), =
DZELYL, BEAMICZFEY 7 55 OREIKEEH
B OSREREICEKTF L Cwallshs, —F
T, HERAEFIERL DD 10 °C DL EKEIMEWEE
FE 150 m IR E TOREBH 2 T 4HAED D o720 &
DI LS, TFEY T IS OESHITHEEOSE
BEZFICHIR SN R Tid R {, BEMNLRTEDLK
ELHETHEEZDND, 2004 4 O bk iR FE #h P
DILBLHI/ N S o 7B, 2004 SEEHARBETOL
FEY 7S RMBEEN 2005 FB L2006 FEL Y B4
%< (BREBXKENEHKE 7 5 7 1EH web site:
http://jsnfrifra.affrc.go.jp/Kurage/kurage_top. html,
accessed 2016-6-1), Z D X 9 ZRIRIMTIZB W TR
fHETHRR L7 PATL & PAT2 i3, HIZ 2005 ~ 2006
HFITPAT 234 LKL ) SIETIAEeh o 72720
LHBEIND,

5.4.3 WEAEREOHRAM

IFEY T T T DEKEEZERRCHP L) DK
MOFPFHMIELS 2D, HREBEY» S HEIC
PR, BEIZEE S 5 RPFEICEL B D L)
HEESHR I N2, BA4BIIBWTERFE b a—L
MICEELI2KPEFTE A AT TT AOMEREELE
10 HOREFBWTHHRICZFEY 7 I 5OBAD
SYE A T WARIRERTD (KL - EEB, 2007D), 4
FORE L FRICHMOPLE BB FILY P
BIZELS 25 EAPERIN T L, ZOXHIT, 7
~ 12 A ¥ TOHB I3 Gl o M £ <o
KBWTEMZBRAEIERENAZ L, S, ARE
BIZBWTHERHREROEVICE VHRESHGOHE
HIZRERBEBNIRVWEHEAIS RS,

%Xk, PAT1 OBERFEEICHML H A IHATE
o7z BHE LTI, PATI 28BS O85WE
HiEo7zz ke, BohiF—7 0o HE®OEAN
T3 TidhholzZ LR INS,

IFBY 7 T rOHMEREIIIORSENH L LR
BRIh/-bon, BEFICED S THRE T TORIT
EFETHBIRIVBETHADIER SN LD,
B 3 HREMWZT Clgik/3 % — U SRE SN D DT T
FeneiERIND, PATS BLUPATO I, KHE
HICTHIKERENRE CEBLL T, flZiEFE
7 5 DIBETH B Rhoilema esculentum T,
MOBALITHEWEKRENEILT 52 Z A5 h Ty
% (Borodin and Osipov, 2004), TF ¥ 27 55 D
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A%, THZHHL TOAEEMCE L TRERATH
520DT, SHOMFERELEZ %,

F 72, ABIERTIE, HABBICHET 28E017EH)
KT 2RE/FEEZRE L. LaL, BARERICH
B3 5 DRT O /NUER O B IRIE IS L Cld KRR T
hb, TFEV I I FOHENM E BEFRICBVT
ERT 2010, HEREBREZTTELL, BER
BB A/NBEAROITEINCOWT IS 2 LEDS
b, EHIHEMLERENIEIND,

F6E KhFEHIASERVWEIFELI7S57DHE
EHLURESTAZ

6.1 5

MEFITICDRRTEZLHIC, ZF ¥V 7I5 %
EEEL I FEICBEL T, KENBICX 23ER
W RERETTH-OOERFENMRAE LT, Thood
7 rBEOEE S EFERICRIBT A LEND L, 7
FTEOGAERARLFHELE LT, FRSPMES
2o HRBBICLAPAEES B THY, =FE>
797 LTHIRERSL 72 — 2w BHEIE
WEBEZSY Y TRENFEL CERS N T 5 (Tkeda
and Uye, 2015 ; Baba et al, 2015 ; Randriarilala et al,
2014)o L2 LG5, Bl LC & 72 & 95 TR, K,
EARSPHUZEORENOENLR EICE Y R HICE
PHELL I 2, AP TERRZEEDHETIIZV 0,
BHEROBEMRIZZ LY, 3612, TFEY 7 F5
BHERLHRERH L 752 05, BRI IZETN
HORFEEL TS ESHLT, o HBES
FTH MR EMICIBIBTE 2w, #2TC, H£I3IETH
HLUBMAE T A XTI LA EENLZBEREN
RSN (A%, 2015, SSHICHERVTBICVWS Y
FHAEICALTIE, &y VCRET A Z ETHEAEE
L TR FERH B, L, LHEHEIC
RETLHERILEReTNHEeLBELTHE, 7978
DRESIICL->TEBAET S L THREDEE]
PELSZY, KECABLZRICEEBEO) A7 05
FH2LT, EHRNIOEENLERAENTELRVRA
Vb, i, RMREGEHMNOHEI M ZHBTE
T\, £ZT, BAFETHHILLHIE, ay Foy
FEBBRLPE M — VN2 883 5 H4k 2K
EFth A THET LI L THAEIEIET S HED
BFg Il (K% - JEH, 2007b), 72721, BMKY
FADAFICEABELZOTICKRFETE H A5 TH
WEEET L KD, BHESLEH - R TOBZIIR
WTHb, FEOETHIML-BETERICL 5 EBHAE

THEW LY (Honda ef af, 20092), =F¥ 2 7
FIXER L EEBE L T WIRERIC X ) ERRESE
ItT 5720, BFOALZLTEBOSMEZIEERT S
ENBEETH D, FiZ, HEHB~OTADC D255
BiBRIcB 5T €y 7 5 X OHMESA 0BT S
23, 20%OARKESH~OHIATHDOZDITK
EEEL 2L, PEICHERETHR IS EEIE
PEEHAEE S0 cm FBE L EH/AETH ), BRI
ETEBEEE L CHKEELRSHE (Honda et
al, 20092) FHEEEZZ Sh b0, BIEFEICLS
IFE 7T FORESRORIBAEE L\,
IFEV I X ARB B THENEHED
BOWIERICDEZ L AERTS2300, RENFHRICE
HREOREINBETHBHDT, BEBIEKELLZY
BT HCBEFEIANTH S, HEIKPO
BESLEHEICHRZBERETHV TR ZBE
TELHFEHNASEMENLBEBREO Y F—»HFES
. (Belcher et al, 2001), BFEOFH (Maxwell and
Gove, 2004 ; K% 5, 2010) RAKEROFHN (Rose et
al, 2005 ; Pillips et al, 2008 ; Honda et al, 2008 ; Han
et al, 2009) HZEOFEL LT, KEFFOHEIZH
HENBDTBY, ZF¥ V75505 MRAEND
HALHFEINTHI (K%, 2007), L Lad5,
7 5 S ORI THRIBR S h - EW %2 BE
HETHHNTAZIEERELEZEZ LN TV, £ZTA
ETE, BABCHBEALLZF Y 7575208 E L
T, B8 A5 % HTEEREES L UEE% 3
THFERRET S &L BT, N EHEE DS B
F B ESRESMREOBUERICOVWTHET S,

6.2 MEHIUFE
6.2.1 BEHIATICEBIFEL 7S5 DOHF

1) KhFEHXATOHE AHRICHC-EED
A 9 1%, Sound Metric corp. # ® DIDSON (Dual-
frequency Identification SONAR, Standard type, IR
20 cm X HE17 em X BIT30 cm) TH5 (Fig.
37) (Sound Metrics corp. web site, http://www.
soundmetrics. com/Products/DIDSON-Sonars,
accessed 2016-6-1), DIDSON i, BEERER 7T a4t
R EBBRRECBTREHEHE LTHRE
SNTHBRTHY, KPFORELCEWEIKT TS
L NG EBECE M E D, HHTAEE
BT (< 14 m) Fo 1.8 MHz L&k (< 40
m) A® 11 MHz DEEREECDT S I EHFTE,
1.1 MHz TIXI§ 0.6° OMEFHR Y — A% 48K, 1.8 MHz
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TINE 0.3° DB ¥ — 2 2 KFAAT 96 AE N 3% 7k
L, KFEHMT2° OBBEMEHT 5o FRMIEOMH
1R 3T IRNZ 96 pixel, BATHIMIC 512 pixel TH 1,
53ffHE X DIDSON %5 Ol 5 m TH 3 cm TdH %
MLEFRIRD 20°DFEOME L LTHRENL, TO%k
FRIENZ 3 LIEE S M OB M35 14° TH 5205, D
N REEIE e FLETRER 7 L — A L — MdiK
KT2lfps THbDo 72, BFEHATOLHITHED
TEL Y X THRETEYE — A OH % 4 b T 2
Gefoh, WEIN/ LYo RKEREE, 1~ 90
dB O#PANIZ BT, 1 dB EICHYE _E TR O &
LT FICFERTE S, WX, =28 &
N7-E= 7 —WIZHIEOFm ETHFRR S, Wi L
DIEED 2 ORI ZFHIT 22 LT, "I&MWoK
E X RAREDLESICHEEOFHNATE %, BILEHE
7o i R PEME 3 JE 0% % 1.1 MHz T#9 40 m, 1.8 MHz T
¥14 mThb, TELY A5 1 m DINOFRHEX
JAAXDELABENTELVWEFITH LT, BlE
HEIZA 1 ~ 40m OFEPHN 2L EOMBCTRETE %,
HLE&M(% ﬁ%Téﬁwmﬁ@%dé<%“
k%
ﬁ;t%#<&éommmNu/—biPCb;U“
By P TR SNEM R Er — 7V THEHRT %
ZET, UTIE A LTWEEMERRL 225 5 ALEkRe ik
EDOEWPUREE 2 Do WHIE T — T NV EAL TR L
B SARRICERZMIG L, 77— % M ERICREET
B0, AMF Ok y 7)) — & AR T U,
W EJR & st L 2 < T3 DIDSON PIER D A € 1) (2t
%7 — 7 T2 LD RETH o

2) IFECIUSHTDBERR T3, B¥HIXIT
IFE U7 I OB E D PIEBIRIC B W
THERER % 1T - 720 FEBRIZ, 20054E 10 H 6 H 13
7 5 19 RIS 200 TRl & el ol (N35° 38.28",
E135° 1696, KR 55 m) (ZHSERAMSE LA

Fig. 37. Acoustic camera “DIDSON" .

REAL TIT o700 SBH AT, AR BLINEE 2
T A UFEHWCTARMOEER 2 m OhH 5K
FHmEML &SR Y FIF7 (Fig. 38). i
DOFEEE, ME AN LT 0 E & Uiz, FEBR
TiE, BN XA TOBEHMANEL EEBT 2 FEY 7
T EMENS HHBIZE L 205, HF8h 2 7128k
L7/ — M PC Ol L CRKICZF XY 7 54D
MR AR TE L0 L) a7 Blkiidxs e
TAHMEAEETOWBICL D) B2 THEH L7, 18
MHz TORAFREHIZ 12 m ICHBR I THWE D
T, TN XI5 0OHMENK 12 m DO #ZE2I1E
1.8 MHz Z W, #12 m Ll E#ER -k BIZIC
ilmmZ%mwto¢%¢u,ﬁ%ﬁ@%ﬁméi
WZARE A S AR T I 017 ms! O &G A
Mén,@ﬁmmuzm CTHolz

Giant Jellyfish

14°

Observation area

290

Fig. 38. Schematic of the method of the observation
for N. nomurai using an acoustic camera.

A Butter fish

/ \
/ :
Oclarns Bell region

7/
Tentacles

Fig. 39. Sequence images of N. nomurai and a
Butter fish Psenopsis anomala taken with an acoustic
camera operated by 1.8 MHz (about 4 m distance
from DIDSON). A bell of the jellyfish was opening
gradually in these pictures. A remarkably white
shadow is a Butter fish.
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3) IFELISTOBEERIER 18 MHzICL %
BEcl, tuftozFYr 755 2B L
Fig. 39 1I/RL72 & 9512, 1.8 MHz TR L-WYET
&, 13E A EDMEETAE & IO ARSI 3%
AMTE& 7z Bl SNz eiko ) b, e ORHo
TEARATHI B 3B C & 72 33 ik 0 Az & O BE O K
WREOENE, 50 Nh7-WE EORFED S gL
T2l TAHENR o7 (M B, p>0.05). L7zh%-
T, TFEY 7 I 7B EOEME TIRIT AR E
LT EHER L7z, 1.8 MHz Tid, AHEE
12mETIFEY7 ST ORREZBTETH 72
HEN A T20OHEENH 10 mPINTH T EEH
MET AT OB TE, WRICIZ2EHEN X708
NAL R GEAEE, 85 mBNTHIVUELBEERATE
TLMFEFCTHLIHWATEL (Fig. 39), 72, =F
Y7 I L Tk 5 2R 20 cm D4 R
A Psenopsis anomala bBIZETE 7z (Fig. 39), =7
Y7 774K A KR LA IR ETER - T
FERENTHAETH, A RFA 3 FEr 575 E]
NCRHBEPKE P 572720, BEORETHOENT
BNTE o, AFXFARIFELZTTFEDD
RRLEN0, KBENEE B FEY Y757
L DBAINPEL TH o720
BFEHATHIPLOEEEA12 m PLEIZBWTIE, 11
MHz # W CEF 3 kD= F ¥V 7 S5 2B L 12,
11 MHz T L7z F¥ ¥ 7 571, Fig. 40 1IR
L7 &9 IS S SABHIE 2 /5 IR o mLf & LT3R
ENDbOD, TOREZERLFETLIHEH»HIF
U I roffkE LTRETE . Lo T, 11
MHz % i\ CRAEIC 5 ¢ A2 5 5 =
AR L E 2 b NIz 2D XD WG, [T 5
mHHBECEALZMETELTEI AT LN 25
mEEN S E TICBWTHETE 2,

1.8 MHz T3 F ¥ ¥ 7 I X ORR = HEICHZ T
E-0T, SN HGEEE RTMNL—AF52

Fig. 40. An image of N. nomurai taken with an
acoustic camera operated by 1.1 MHz (about 22 m
distance from DIDSON).

ETCHREIHOKRE L RFHIITE 2, BHIL =T E >
7 55 DAL 98 cm (V=33, SD.=16) TH - 7=,
FEBUHIREFICL2EWE T-o TR0 0D,
JE BT 2 HENZ WK 2 D Ok Z ‘A TR
F o — KT & D R L 22T 130 cm (V=4
SD=18), Aif% 2 OEICERRE b o — v CHRE L 7=
ROEFIZFEY 88 cm (N=13, SD.=17) THY, &
BHASOFHIMEE KELR»o722 805, FHIMEI
FIFRYRMEEEZ D, /2, 11 MHz X BB T
WO E RN TE o722, w3
PR OMUEIZERES 08 ~11 me& by, 1.8 MHz T
L7z FEr 7 STOEREIFIT—R LT

6.2.2 MEBEBRICHIBZIFEIS5DIE
HE

Hih L2 BIREROM R LRI, =F €T 7D
SRR T A DOWMEFEEHRE LT, AEoH
AR O UEA TN ALE S 5 5t R B\ T
AR R M L7z,

BEH AT OB L B0 TV HOZER G OILIR
Wik, —EREEPNICEE S 2 T OBISEHN TR E
N7 gy HomEE L, FFEFMNISEESD X 7 0N
BEZLE 721K O A & o THIfA 29° o BIEL I Hi
ZETTAHANCEM L EAOEFICL D BRL TE
%, BAEREBEE L TR FEEEAE L,
Bl 2 IXBIZHHE 10 m ORETHRMIMT 295G, Bl
T (2R SN WA 30 m* & ), Mkt L7z 1At
BEICLVBINTE 2 EHOBFEIE—RICHONLA
Ty b Ay PERBRLTHTHICRELS &5,

2006 ~ 2008 4E D % 7 B0t B s P KE Tz F
Yoo I rosEsAEEERL7: (Fig. 41). #
FIIZECELE H W, BIET OB % Fig.
4218 F, THMZBET S L) IHROT L —24
(IE 45 cm X B & 45 cm X K& 45 cm) PIICEES &
NETEN AT %, AEMOZKML Y BHHAY A 5
EMPNTA Y — (EF4 mm) TETLTZSE
YU ITORKRRDFEE Lz, 7L — AT,
BIEFMDPKRIICH LT L %5 L) ICHZ T oE
BEREZMZ 2o BUHY A v Fi2ErniT 4 Y —
RE2fEZELTI7L—20R) FIFREAEET LI L
T, BEBEEZAG L. 7L — AR EREE (7
Ly 7 BT H MDS-MarkV) %% L CHETOEE
AATORER 1 s BITRH L 7ze 3B g A ERE
BCTEELZFEL 7 I X VHMED L HAMGICHA
THADOMNBLTEY, ZoBflozrErsss5
BAEZE O cm BE T THREL TSR (K% 2015),
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iR OB ERROME R L FHE 11 MHz TH 1+
ffkz st c& b &%, K11 MHz, BIEEEE
20 m IZF%E L7z
BABTHWA LI ICHABOZF XY 7 547
TR 40 m RISV ALENLZ Wb 0D (K% -
#, 2007b), 5 THB LA & ) ISWHA» & BRE
100 m LLEF THENICBTIT52 L HMbN TS
(Honda et al, 20092) o Z 2T, BIEIEOR Y TIFREE
#20 mEET1 ~2BEEICEET LI LT, Bl
WHEREERMPHZ LT AZ E & Lz TOERTH L
REFEN XS ERERE LI —7VOEZIZ60 m T
HolzDT, MECBTLLELRBRIHBLESH IS
mZZELFIWARH 45 m D7 — TNV %K FICEAT

Wind up and down
(Fixed depth:

Acousticcamera lioi fraria 5,25,45,65m)
(45 cm sides)
LI
-
<« Depthl r
: 4 CRULOERS { Visible length:
‘Vertical stabilizer 20m
{ ¥
Visual field Jellyfish
(29° )

Fig. 42. Schematic drawing of observation method
for N. nomurai by the acoustic camera. An acoustic
camera was winding up and down, and fixed each 20
m-depth.

Naoto HONDA

HZEIZEIDEEKS~65 mETEYTIVEA AL
BlEE L7z BEG6S m X D IRVIKIEFZBIET 225G
60 m D —7 NV ERDYHL T EA S DO ERME
EVT VYA ABIERITOT, BRAGH IS oK
Ny 71— (DC24 V) #RRICEE LT, W7 —
FIEA T avyONEAEY) (RS GB) ICilFks
L HF YR e THIZE D, RAREERSS
m F TOBLBEEML 720 BT 4 il e %
JED 40 dB, 7L —2 L — M3 10 fps 12 E L7

AIARICIE, SIS0 2 BT TR A SR
A & S, M TR R 16 RERH, ZEF 269
g CFEF 28 Il DM 2 FE0 L 720 AR HEIR 0 K 1
100 m T, AR O EWEIZ16~19 mTH -
Too AAMMPORBEIFBNEZZEY T, FHE
LELHTH o7z, BT, MEEBOFHLLEIC
RS HRAE IR 2 /v bR OME THE

A5 ERAT L. B, EPHo GPS 12 X
B ALEEHR, NSRS o e G
HARALE CI68) IC X W EHll &7z 38 (A 20, 50
100 m) OxFAKFEHEME % EHICFLERL T, ThHD
i FITE B X T OB % 88§ 5 K 0wz B
ZARRE L LTk, Wi ETHEIN -z FE Y S
SN DOWTIE, FHET B & & B ITEMRIFEICE RS A
ShLOMEEFNL, ZOBOEFBESIATORY T
FIREEB L OB AR OERE GbETHTT 2 L
T, WAMHSEICBIT2REFOZF X 7 77 Ok
R R, 72, Wifg LA S BRI/ Lo
ANFEFNST 5 2 & CEREEHEE Lz, SEOHEEIS
&, A%, EH (K% - JEER, 2007a) 25K KL
AL & OB R Z W2, SThoDiEEfis, [

cen” ) ) 129°40°E
128750k Tsushima Strait
35°00°N L : . .
Western . o« July 2007
Channel A \ ®-----* July 2008
- o B - ‘\‘
’ ol ' .“l‘.
_ - . 1 . 1 46°30°N
Y AY —
N Ny?
= //‘[. = \“'. K
W L Sea of Japan
077/ G B
7/4 )
4 / -
" Eastern N .
n Channel [~
10 km
—
34°00°N T T T T ' 30700°N
125°107E 150°10°E

Fig. 41. A study area and survey lines in the Tsushima Strait for V. nomurai.
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WS TR O H A hG L 72 FREMEB L O L X
WAHLA AT TULCam (2 & 58%% (Fig. 7, % 3 1)
BT BEHAME L kT 5 2 & T, FHURE RO LM%
R L7z,

6.3 ¥ &§
6.3.1 IFELISH5FDPHRAERR

X BT A 2007 FOFETIE, EEEI AT
DEWH 11 MHz TTFE > 7 575 Fig. 43 EHO
£ AT & 720 2008 41 B AR IC B
FHIFEY I I ORBENED AR, FEh
KX F Y7553 F oL BllsNLedols 72
ZL, PELEPLIEFERALKREZIOZII L, 257
C.nozakii 33 BIHEICEH L TBY, =FEV 7 5
T OYa L AR Fig. 48 HAHD L H ICEEHN X 5T
HABRTEETH o 72 2007 4, 2008 FE DAL b,
R 20 cm D~ 7 ¥ Trachurus japonicus 7z & D,
EPEEIATTHREIND L3720, B
BETIEHONZI IFrHERLRLZBIRTH o727
O, XM TH-7%, 72, EHEPT—LEB
KB ETFARXSTOBETIF XYY 7 E7:
2T VLA 75X EAEORRBIOTRESDEY
M HERR S e hr o Fze 2007 SEICHIE E N2 T
Yo7 7 OMEKREOREDRE S % Fig. 44 125
o AEEDOFIfEIX 513 cm (V=957, SD.=149 cm)
Tholzo FIETHE LMY, RS R
BRE S NBEOEZEOFENMEITFE 517 cm (N=3,
SD=224 cm), TULCam IZ X 2B CHE I N4
3T 502 cm (N=62, SD.=149 cm) B X FH
533 cm (V=56, SD.=130 cm) T&% ¥ (Fig.19), =
NODEOMIZEREIRD LN LD o7 (ttest, P
> 0.1). Fig. 4512, 2007 4EICIREER, BFMTFmEICk

1.1 MHz

Siajaul

1R% 0y

09 0’9 0o 09

08 08

08 08

¥
.. . Nemopilema = _ |07Q| o - Cyanea 00l
00l nomurai ool | nozakii =5

Fig. 43. Images of N. nomurai (left) and C.nozakii
(right) observed by frequency of 1.1 MHz of acoustic
camera.

DIz F Xy 7 I OBBHEEY RT. B2 £l
L72BEZOBEHEICBWTZF ¥y 7 57 13 hag
BE45 m DRORBATIZEL 4/HF L Tz, 77,
REOFHMIE, T LD FHROFH/NE L % 2 MEN
IR WA

6.4 & =
6.4.1 BEFEOFDIM
AWZETIE, SBARAGPIF XL 7 FXOEER

AL BREFHNCHETHL Z L 2R LTz, B2D
e E AR TEN, = FEY 7 F7

300 Nemopilema nomurai
18-31 July 2007

250 1 Acoustic camera
£
4]
=
= 200 -
]
"= [
w 150 - —
o |
£ |
S 100 - g
= |

|
50 — L
| | 1 =
0 —{ ' | ] e

0 10 20 30 40 50 60 70 Sb 90 100 110
Bell diameter (cm)

Fig. 44. Bell size composition of N. nomurai observed
by acoustic camera (Mean; 51.3 c¢m, S.D. = 149 cm,
N = 957).Schematic drawing of observation method
for N. nomurai by the acoustic camera. An acoustic
camera was winding up and down, and fixed each 20
m-depth.

Time (hour)
3 6 9 12 15 18 21 24
o (OO o
15

60

o
75 - 0.2. O (N=1349)

@ Population density (inds. / 10® m3)
90 - 01

Fig. 45. Diel pattern of vertical distribution of V.
nomurai observed by acoustic camera.
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DREZHRTHEEOSHEECHE RO
(FEF, 2003; 2T 5, 2005 ; R T - A%, 2006) 123
B0, HEKDEIICTF By 7 57X EBIESETIC
RELTMETHhEZFITARES LILET S L,
KFCBITBHEN XL BREFMIIRERS %
HETHAHEEEZL, T, B OBWRIGREEN
FORKROICBITA7 IV BEREEBEELLTRE, X
ZHFEICIZBEPEETH - 4 LHE~NOE
EBH XSOV EEENS,

6.4.2 SHBEEFEOEDHE

EEBICBTLHAEICLY), SEI 2T EHVEE
BPFERIFEV 252y VA 755 D5HRE
BLUEZEMCAEDTH L L 2R L 720 FIC,
FEHEMME L BFEROKRF S A T2 X HBENEEL
RETCTEEN A 7OBMEIBO TENTH o7,

AARREICHETAEHOLF Y Y 7 5 7 3 BEICKRE
RRICRR L T 5720, FHE 11 MHz, BEEH
20 m OFEETHTHABEOMEBLIUTRESD
FHUDHEECH oo ZFEY 7 I FRPLI VLA T
FO L) ITHEBICHBEHERCEETHMA L TV 5
ERETHHEITE, AFEO LD ITERNICKE%Z
PIFBEFEIEL TS, SRHDZ 7R
LIVERBEICAOMA L TWAEAICE, L) BRTEE
HATHBRMT S L TBEAELRE ST HHED
EE L, 12720, EOREIEPEEEE LIEE
ERBTHMT IZULENHLOT, BRFEICELR
BLIENLBEIRDLEZBND,

FEBHATGICE D7 T 7EOY A XFHIFEICEL
T, ERMEREZRD X FICL A BETEL KT
5L E ) EORYEIHRIN, EBIXATE
AuhiZ, Bhedtw) 2 CllRHE2ET52 578
WEFTHEMN L Z LR (FHITE2RHLH L
Eb, BRIICEBRICBT LB REROFHHE
BELTCERT WREEDD 5,

¥/, AT I 5EUSMMCOL L DAED T
BHASICIVHRTE L, RLERICAEE Y S5
HEHRETHHETY, BEALOHEIRKRDOEN
TEZIMEZBABEICXNTE 5, $/2, AEEY
FrEIVBERORMEBENE VD, BENIAT
POMBDENLEBRICERINLTRY DOEEIC
X o TOXBAEETH D, NATHR S NS AN
BRICHARO 7 SV HERUBRB I UKE ST
BLICBEREEDH 7275 BETHRE IR TS
DB X F RN ATBIROEN T S X HE KT
&2 Lo TERFHEIINSOEHIZBWTY 7

DAL LTREOTMRAEICHISHTIETD %o
6.4.3 DHHAEFEOUEBERSLVRE

FENATICEV 7S rHOSHRERERTS 9
AT, SHRFBICHETRELALLTE, TBHIATOD
B OMKRECHBENEITONS, SEOEHET
B E RO 2 A THEZF LA, &5
WM 20 Z BTl ©& 5 ADCPH0RB2 VT,
BELTHLHKORBEEHICIEBTX LI L2E
FLwv,

F7, RFETIEEHNE EE L TG HERELR
PO BEBICFH TR BRI 2 To 22 825,
MRS VOFRZ2E L, BEOAREICBV T
BEAATEACFT RS L OREFNEO HEY#
M7ar7s Al HMBENTVWAEI LS (Han ef dl
2009), FHOEIRE X CRMEWHEO - DIk
B 7 rEEROBERIT U5 00M%E EEN
5o

6.4.4 IFELISHFOHMEIRIFHE

AEFFE TR, FEI AT EROLBNETIZET,
BRIIDYIFE 75505 MeKRE SICHTS
BELRTFT—IERBLIENTEL, B, BEIhE
IFEY 7 G OEESGDHRENIZ, E5ETHR
LB TERE HOBEOTEIENECTHS 2
W L2 BESRERE) (Honda et al, 20092) & AR,
HH X D EEOFIEHENEL &Y, BAIZFRIC
%L, WMIFIICEL R ERPHER SR, L
BoT, TFE¥Y 7S 3BEEOEXKTEE LTD
Ao T, BHLLTOGMIBVTHREREICHRAE
IrdbL vz b, 72, AFRICBVWTESRCEE
H AT CTRELEEREEL, REPOAFIIHP T CEF
B#r AVWCHE L EPRABOER TH o722 L
2L, TFEZFFEIHARBICHELTWAIZEA
ORI EE L CRKO HEMEREEN2ET5 L
EzZbNhb,

F 72, AFROPETIL, SHESA & ERITMR T,
BIREHEB L OFHICOWT L EEREICT— 7 255
NTnb, SHOMELHRT L L THLLT—%
RERTEE, BROKPERE, FRICHEShL
L LAY OS5 & OBIRSE O W TR AT
THIENWMEE LY, ZFXY 7 SrOpmeERE
BT A e MROBEIES RS,
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BITE IFECISTONEBIFEERES TS
S U BFREORF

7.1 ¥

it

7.1.1 IFEC 7T ORESH L BFEREEE

BABCTHENLIZKTEF T A XS 2HE L E D
B he—VEIC X BEmESMREICLY, 7THOXE
W BT 2 B TIZRE 0 ~ 30 m i, 10 H D%
FEMTBT B TIZHRE 0~ 40 m IZK#H O
FE U7 IHEDPGA LT, SOROKIEB X U
SOSERE X, KEB X UCHESORBA 7 HONE
W BT 5 R WIS TR ER 10 ~ 20 m 12, 10
H OB B BT 5 R AR TR 40 ~ 50
mIZERERTEY, TFE¥Y 7 SX3EEL Y LB
DERIRPAEIR G DWAKIZE S AL TV /2T &8
bhrotze TOLHIZ, HERBICHEATZZFEY 2
F 0%, PEKEE 2238 BRSO 3t Bk k
FETHA LR ROEEAKHFIZE L, FHirsEal
EF 210N THKDOEERE AL, S 1E 5547 #FH
AR 2 IR BRI DD - 720

Tz, ES5ETHRLLET ¥ 72 A7 ERkITH)
BT X D, 2005 4F 10 A HEB M TR L 22 4E X
D b 2005 4F 11 B E M THIN & LBk o 1575,
2006 4 9 A BRI CEI S 2Bk X b 2006 4
12 ACEEMCBI L2 EEo H25, EHEBET
BITL TV SNHOKENS, ZFEY 7 70
KA H AT T ET BI2OoNT, $RiEHA DO #PH
PEA R BEAARENT VWD, ShHICHLT
b, BRWMIZZF XY 7 T 5 OERE DA HHEEDE
BEICEFELTBY, ZBAPKPLLITHITTHER
MEedb B Ledss, WmEENc X 2Re EFEHEIC X
BB L IR A IEE IS —RRICIR AT DICHE

Temperature

J
Summer

Fig. 46. Image of the seasonal change of vertical
profile of temperature of the Sea of Japan.

W, KRB ORI D FARICA A > TWio 722 LAV
HELTEZONB, F72, 2005 4E & 2006 4 it ik
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Fig. 47. Vertical distribution of N. nomurai with
water density contour on 133° 30" East longitude
(September 2009).
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Fig.48. Density of the seawater and body parts of V.
nomurai with depth (Mean value of 15 individuals,
September 2009).
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Fig.49. An example of vertical counter of water
temperature and density of offshore of the Sea of
Japan (May 2016, 38° 20" N, 138° 55 E ~39° 57" N,
137° 00" E). Data were obtained by the Sea-glider
observation. Vertical structure of temperature and
density are very similar.
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WIFEY T ST OBKEEEEL.

J,=J, (I+c- sin {2 (H+a) n/p}) (9)
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Fig. 50. Correlation between mean bell diameter
and S.D. of the depth of N. momurai with each
observation.
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7.2.4 SMEHWETIV

Bl @ Kb (10) RFTEHETHIL
T, BEOSEKBICEDLIEER Dt, ob), B4l (H)
BLUEE B) oI E¥Yr I X OREEST L
AT oEFVAEMER L.

J,=J,+0,| N©,1) | (11)
ZIT, 2 FEY T IS ORIE,

Jy = Bo+BD+Po) (I+c + sinf2 (H+a) w/p}) (12)

o= a,ta,B+a,], (13)

ThHY, FEOEERFEICEREAEN 01) 2FT
BIEIZLDVRESMOIELDXERT,

FTRLU-BESHFEFTVOENNGT AT ZHET S
eI, H4E, FHFE, BOETIHWLLRAELES
EEHCTH LN REENSL L UFHlonF £
7 OHRE L KBOBRE BN L7 BITICHERAL
7T = I BRRON-BE OEH T Table 10 IZ7R 7,
NI R ORBMEEHET HBHTICIE, MS-Excel D
Add-in 7 1@ 75 A T3 % Solver (www.solver.com)
FRIEA L7, RD/A/3F 2 ¥ % Table 11 2R L 72,
B, LR hoDRF A5 EERATELE, =
FEX Y7 S OEER 1430 HIZR/D, 230 HiZmK
E ol

Naoto HONDA

7.3 IFELYSHFORESHETT VORI

7.3.1 BFBOFHKRIZCE T 2NEFHHEE

Table 11 ISR L7278 X & &K L7 8RB 54 €
FhERCT, BAREOFHKER BT LFES
7 7 OFHNRBES A OENDOTR LA, H
RGAHOKRMEZ, BREBET—F LI —DF—
% R—Z J-DOSS (JODC web site, http://www.jodc.
go.jp/jodeweb/JDOSS/index_j.html, accessed 2016-6-
1) 9 1906-2002 4F D BUAE A & K\ R E % 51
HLEZAEREE LTHY .

IFEY 7 FHEOEFRIZOVTIE, HABIZBITA
CHETOREREICL Y ER SN LEOFHIME &
h, EELFHMLEBRBOBRERNZ kDL 2L
THeE L7 (Fig. 51)0 A BERTY - Xy BRI T
FE 7P RERINLEHE, 7TAREETH S
728 (HAREXKEMIEH web site: http://jsnfrifra.
affrc.go.jp/Kurage/kurage_top.html, accessed 2016-6-
1), CCTR6A1HAZBEBEHCRELT, BBHHK
EERETHAHKE L TEEB L PFOMEEUTIC
£1L7

B. = (ot v, T) (1IN (0,D)]) (14)

Table 11. Estimated parameters and coefficients for
the functions of the vertical migration model

ap ar a; Bo B B2 c a p
37 42 0.26 16 0.79 =22 0.42 3.5 24

Table 10. Information of observations for vertical distribution of N. nomurai for data analysis

Obsevation . Period Number of ~ Number of
Research methods Time . .

No. (days) operation individuals
1 LC-net with camera October 2005 3 6 442
2 LC-net with camera October 2005 1 3 103
3 LC-net with camera July 2006 2 6 589
4 LC-net with camera September 2006 4 6 58

5 LC-net with camera July 2007 10 6 535
8 LC-net with camera September 2009 10 29 237
7 TULCam & Echosounder July 2009 6 6 11520
6 Acoustic camera July 2007 11 15 1340
9 Pop-up archival tag October 2004 3 1 1
10 Pop-up archival tag October 2004 2 1 1

11 Pop-up archival tag October 2005 21 1 1
12 Pop-up archival tag October 2005 5 1 1

13 Pop-up archival tag October 2005 15 1 1
14 Pop-up archival tag October 2005 5 1 1

15 Pop-up archival tag September 2006 6 1 1
16 Pop-up archival tag September 2006 10 1 1
17 Pop-up archival tag September 2006 15 1 1
18 Pop-up archival tag December 2006 8 1 1
19 Ultrasonic pmger November 2005 1 1 1
20 Ultrasonic pinger September 2006 1 1 1
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Fig. 51. Correlation between observed bell size of V.
nomurai and time (from 1% June) in the Sea of Japan.
Data were obtained by direct measurement (2004 to
2009) and DIDSON & TULCam (2007) observation (V
= 3913, R = 0.65).
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Fig. 52. Estimated vertical distributions of N.
nomurai by the vertical migration model offshore of
the Sea of Japan (example 1). 24,000 individuals were
simulated at each point. Temperature data were

obtained from J-Doss (1906 ~ 2002).
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Fig. 53. Estimated vertical distributions of V.
nomurai by the vertical migration model in the
Wakasa Bay (example 2). 24,000 individuals were
simulated at each terms. Temperature data were
obtained from J-Doss (1906 ~ 2002).



164 Naoto HONDA

720, FBMPICBIAIF XY 7 55 OMEGA %
R TETCwid o7, Fig. 5412, =FEY 7547
HIREITHBLL 72 2006 4F 9 H 5545 A4S R 0 53K
OFHERBIIBTAZFEY 7 I DOKEGH % R
To SESMHMETNEZHVSLZ LT, ZOEOEN A
BORIBIER? ST F XY 7 57 DEELSATOHE %
ATz KiAEIZEA B EICB VT CTD IZ & 2 8/01E
Bl cHONMEEZ H, 87— 7 IS8 MIcE
WTRE L 728 E 0RO FRMEE v 72,
BEDMETIVICEY, FTEREThOBISEIC
24,000 fERDEREE 0 ~ 100 m 2BV 2 $/1H 546 %
L7z 25613, ThoZEN M THEE L $hE 04 %
FTARTFY LB Z R 10 m RSSO 5 /547 K &
LT Fig. 55 12K L7z ERDREZERL2HP O
REM CHEE SN RE A 2R L, ARIVHEZE
ML 720 7248 b & A 72 T ORI CHEe Sz
SENMERT, TNOOHEERMRL D, MAkRITE
HE PO — VDR KRMRE L ) QIRVWIEEE T
FE I IFVaA L Twiz el S, 72721,
ad Nemopilema nomurai

Population density (Inds. / 10° m?)
September 2006

38" X o5

° ®x @ @ 01 x x(,,/-:r:
.sz .ss @2 o9 os X e

) ~
@ ‘76 @ 015 On &3.37/'/
38° @26 . 60 Ef “‘7 .sn 01(/
on O ‘63 ‘7’_3}& 747 X 14LQMJ)
oun .ez /./n/ = /[’“%_ =
x o8 .« I ‘:;7 =t

s Sf‘*‘}.“‘"i@ﬁj‘ 'Q‘) 3

Fig. 54. Horizontal population density of N. nomurai
investigated by midwater trawl net (0 ~ 50 m-depth)
in September 2006.
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Fig. 55. Estimated vertical distributions of M.
nomurai at September 2006. 24,000 individuals were
simulated by the vertical migration model at each
points.
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Fig. 56. Observed value (blue histograms) and estimated value (red curves) of vertical distributions of /V.

nomurai in the Sea of Japan (2005 ~ 2007, 2009).
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Population density of Nemopilema nomurai (Inds. / 103 m?)
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Fig. 57. Relationships between
of chlorophyll-a concentrations

vertical distributions of N. nomurai (blue bars) and vertical profiles
(brown lines) in the research areas. Volume of each chlorophyll-a is

relative value. Vertical distributions of N. nomurai were investigated with LC-net with camera and
fish-finder (September 2009 in offshore of the Sea of Japan).
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Fig. 58. Relationship between swimming depth of a
N. nomurai and distribution depth of zooplanktons.
Time series data of the swimming depth of a N
nomurai was investigated by ultrasonic pinger
on 23th September 2006. Ouverlapped image of
zooplanktons was recorded using a scientific echo-
sounder (38 kHz).
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Fig. 59. Time series data of wave height and
swimming depth of a N. nomurai. Swimming depth
was investigated by Pop-up archival tag (PAT5, Bell
diameter: 1.5 m).
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