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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. nomurai 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. nomurai 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 ') = 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. nomurai 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 N. 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. nomurai 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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Fig.1. Life cycle of the giant jellyfish Nemopilema
nomurai.
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1A 2 SRIE AT R AT B 2 TR B 72D O E ML S
T\ olz,

1.3 HROBE

R L7zE )W F ¥y 7 S5 IERRREET S
729, WB/NIO 7 I 7HoRENO L 512 (%
M, 1975 ; Brodeur et al, 1999) #HDOTZF 7 b+ v
v ML) EENLRRELZT) ZEPWETH %,
KEO M a—Viflx B TRET 55T, KEi
AHBT B LR LA BE R RIS, TD LD
B END, FITEOEMSAZRRD L LT
i, FESRLAMSH S HHIC X BREES— KT
HY, TFECTZFFICHLTHWAMRPL 7 =) —
A= M2 HW-HHBIE»S (ES T2 (Baba
et al, 2015 ; Randriarilala et al, 2014) o LA L7235,
KA, WEDL, I SRR B OB % E oI &
DRLZRHIENAT, BIERTTREZIREE D TR w7z
OERMEICZ L, 512, HHEHAMAEOMAIZ T 7
PFELTVWBEDRS W0, HEZ T THAG%E
ERMICIEIRT 5 2 L30T T 5,

W2 5 O H LTI BIEEAR T RE R R EEIZ 5041 9 5 /)
Wy 7 rH%z, BEREAELHYGRAL 28HE
EdH-72b 0D (Bamstedt et al, 2003 ; Fidd - &)1,
1991), & 57 LORBELBIRFICL Y T OWIRIZIT
T 57T rEPE—HTHREN TS Z & ZiER
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L7299 Z CRENE_ SN/ 2bDTHY, =F¥V
F B LTI R WIS 50 & R B HlT 13 72 2o
Too TFEY T TTOGA NIRRT 27201213, WAt
RREIT A E L CRENICRD LI ENTE S
BB H ML T 5 EDBUETH 720 £ THRM
ZETIE, FITEENTFEEEENTFHRICL) FE Y
7 7 e REICBIE T 5 2 L TH M 2 N5 ik
Watl, T z2HuwCiitzFitiL 720

—k, 77 5HOTE BRI L GOV
Tl&, WD 7 Z 7 THNIERE QKN THFH
LCHIZET LI ENEETHS (Dabiri and Gharib,
2003 ; McHenry and Jed, 2003 ; Shorten et al, 2005 ;
Masuda, 2007 ; Katija and Jiang, 2013), 727°L, T
FEY I TEEORESBLIVCERLL, 2L
KA E TOREZ: 5 IR TORE & b 1K #H % i
Db £ TARIFFETI, FEBIZBWTHRIRRT
ZHbIFEY 7T 7 OTE)E MRS k%
Watl, ZNSZ2FVWCHREEFEL 720
REDPOIE, TF X7 57 OWERITEIR F I
B 55, RESEZMRBDITHLRHHELIH
HFEE, TNSOFEEH TR S NZREOE R
ZDOWTEICHB Lz, FE2ETE, T FEY 257
TR 2 MEERARDL FPEE LT, AF 22—k
ERWERICBT 2 EEN B TEE, 2RIk
BHIRAAERIZOWTHREH T 5. £ 3ETIE, WHMT
BRETLIFEY 7 T TOKRFGAE RE S 2 E
ISR D 72013 L7, LIMERFIE T H X
WX BBBEFELE ZOEREOKGE, BLUOEAEH
WK RIZOW T 5, F4FETIE, =57 ¥
¥ 7 77 ORPGANIN 2 TERE 53 % 7 1 1 F
BH7eDIZEZFE L, EPB M- ViENE EET 5T
FEX T T ERBETH A X T THET LT,
FNEH T RICOWTHIT 5, H53E T,
BTG Ry 779 TT7 =40V y FBIOBE
WHRAES) T F XU 7 T8RS L CH IR THEER
TH5IELTIFEY 7 T OMRTE RS ik
&, TN DR CTZHRERERIZOWTHIT 5,
BOETIE, BRICOIoTZF XY 7 I 75 DOES
i AR5 72012, HEREHAKH T D BIEEAHEZR K
MEEH XS EHCEIFEY 2 S XOBETH L,
FOTREELBIFEY 7 57 O5ARER ROV
TIRH T %o 7T, WIEE CTHP LM
XA SN F XY 7 7 OEREE X 004
HRVE BRI ORI OWTEE T 5, 72, Wi
RRE LT X7 T DA OBRZ TR R % F
LT, B L R & H A A B
JAIFEX YT T OB & HEE T B Tk R A

L7 RICOWTIRH T 5. 8 ETIE, ABIEORKR
HEELLT, AMETTF XY 7 I35 D54 RITE)
BRNRDL72DICEM LR TEICOWT, ok
FHELOREREIZL ) ZORERE5HOREE D
WTERET L, S5, RifETHONIZFEY S
I DG RITEEROREBRICOVWTT D, =
FEV 7 I L DWELRRT 57201280 X H 1T
BT HNL D, M SN BIEHIEICOWTERET S,

F2E KPBEEICLZIFEL 757 OBEXEERE

2.1 #

il

IFE Y7 T OB & OARER 7 J1 L 25
PIZENNUE, BELZERT 272000 E X )RR
BIZAT) SR TH %, I, =FE¥Y 257
BHICHFELTWEDOTIE R A ZHE S 42D
LHFEMICEKL TWAZ ERMbNTWS (%,
2003) 0 T D72, TFX T T DOWEKEE &
RS 2 2 TENR, = FX¥ Y7 I 75 DEED
BARPERINDL 2T TR, KSR e 554
LIFE Y7 T OWEREEDENZFIH L 7R
BRHEOHG R, = FX¥ 7 975 olEikHEEs >3 2
L—3a Y EFIVICBE S 72, X0 &4 kil
Bt OB 2 LIV OB D B, TR
i, TFEY I I rOBEREEZLETS I EEZHW
L7

2.2 MEBIVEE

2.2.1 FEXREDOERAITE

INFTOMETIE, MNID T T 7rEHOEKEE
WEFATAKFEFEERIC X > TRl T & 72 (Dabiri and
Gharib, 2003 ; McHenry and Jed, 2003 ; Shorten et al,
2005 ; Masuda, 2007) L2*L 7255, &1 & TR
7ekHiL, TFEY I IFOBBKIIEKRER D 212, K
Wovfs e F Y ETHEIN TV L7020, M5
DF FHMEL CRELOKMECTHERFBEZFTHT S L
3O THEETH > 720 £ T, EBEOUHTIIBWT
EARIREEClEik 3 5 T F ¥ ¥ 7 T 7 Ok E % 55
RS 2 kR R L7,

W, WEECIRAKFEH ORI TS 5720, 7
O X ) KT D3ES N DIPTSR B S
LA NOEE 22 TR L, #HikEEOF
PHREETHL EEZ NI — KT, WETIESHES
MOEE D ThE W (KES, 1995), 75



IF Y7 5% Nemopilema nomurai DEEALEE S 5052

FREHH I TERE T ISR B 5 R E 2 FHl T
I, IEMERBERBEDERTE 5 L& 27,

WkhOTF XY 7 5470%, W2 LH#EES 25
nnl, LT 2 L) IHETREIHITT 560
%< (K% - T, 2009), AEkOfTEIZF LS >
S DAAFMETH B X Y 7 T DO —M Rhopilema
esculentum 2BV THHERZ N TS (Borodin and
Osipov, 2004) o Z 2T, JAME SN2 BIZEE FIn & 12
BT A2TF XY 7 I B AF 2= N\HKIZED 54
N=SBIFLT, TFE¥Y 77 LA LREXRD R
BOWIT LT, FAN—PHIE T RERLSER (7
Ly 7 &8 MDS-MkV/D, #llE€ L ~ ¥ :100m,
FLEEHIRE 1s) T FE Y 7 T OEEELE G
5 Z L THERHEE X RD BT EEZE LT,

2.2.2 FEEHICH T BEHAIER

IFX Y7 I OMERKHEEEZFHIT 57200 %R
1, 2005 4E 3B X 082006 4 DKFEH HLFTIIHhIT T,
H A O BRI B oh, A5, seaERi, RS
THEML 7 (Fig. 2)o TNOHOEHHICBNT, AF 2 —
SNEKIZE D EEE 3~ 33 m TR LA, mMToki
RAFROBE DA T WEF 20 kO F €Y 7 T 7 %%
LUTHEIREEZFHII L7z (Table 1), 21 b OfifkD
AL ABIRO KM % T2 75 AF v 7 BOBETREL
B L ClliE 5 2721012, TFEY Y T L REE
WL N5 L (Fig. 3), 1T >EhZhigE
JE14~42m FTHEIFL72e KPTAY Yy —I12X )il
E LB OAEZ, 06 ~ 16 m(CF 1.1 m) TH o
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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

Swimming

No. Observation Surface Horizofltal . Bell Observation depth  direction afetr Pulsation interval Swimming Distancg per
date temperture  velocity  diameter touch before or after touch speed pulsation
(°C) (knot) (m) Start (m) End (m) Before (s)  Afier (s) (m/s) (m)
1 2005/10/4 225 03 1.4 9.6 36.2 Down - - 0.12 -
2 2005/10/4 225 0.3 1.0 11.6 19.8 Down 0.10
3 2005/10/4 225 0.1 15 123 332 Down 0.16
4 2005/10/4 225 0.1 13 14.8 34.0 Down - - 0.17 -
5 2005/11/25 18.3 - 13 14.9 37.8 Down - 22 0.12 0.26
6 20051127 16.2 - 1.6 15.1 35.1 Down - 22 0.12 0.27
7 2006/9/15 234 0.5 0.6 83 28.7 Down - 22 0.09 0.21
8 2006/9/15 23.4 0.5 12 33.7 422 Oblique down 33 2.6 - -
9 2006/9/15 234 0.5 0.7 11.4 34.7 Down - 22 0.07 0.16
10 2006/9/15 23.4 0.7 0.9 16.8 - Up 29 22 - -
11 2006/9/15 23.4 0.7 0.6 93 13.8 Down 2.4 23 0.03 0.08
12 2006/9/15 23.4 0.7 0.7 9.3 19.0 Down 2.6 22 0.06 0.13
13 2006/9/15 23.4 0.7 1.2 222 36.7 Down - 2.6 0.13 0.34
14 2006/9/22 212 0.3 1.5 82 252 Down - 3.0 0.16 0.47
15 2006/10/1 21.8 0.1 0.9 10.0 - Down 2.8 23 - -
16 2006/10/1 21.8 0.1 13 5.0 - Horizontal 3.7 2.8 - -
17 2006/11/16 19.5 - 12 21.1 34.6 Down 3.4 32 0.13 0.40
18 2006/11/17 19.3 - 1.1 3.0 Horizontal 3.5 3.4 - -
19 2006/11/17 19.3 - 0.8 3.0 - Horizontal 3.0 2.7 - -
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 H SN ICIE, = F ¥y 7 95
DATEZ KM E T A A X T THET 5 2 & T, ik
DB I 2 FHI L 72,

2.3 # R

JBERL 72 20 AR 5 B, 15 KRS & 2 HEflofil
WMAEGZONZRIHETNE ST L, Thbo
)b, RELSFTORRICL Y REORLEI AL
TdHh o7z VAR Z B 14 8k o ik B % 51l L 72
(Table 1). BFl S M- FORBE L, MEMAR%EIC 003 ~
017 ms' (F#H0.11 ms') Tho7zo HBIMFEZ,
filiill © 24 ~ 3.7 s CF¥ 3.1 s), ¥fili#s T 22 ~ 34 s (F
¥126 s) &V, HfREIHZOMBEREZ K TE 7
FTRTOMPRIZBNT, FEMBEOHHHEL 2ol
o I B & 30 kAT A3 EHIN T & 72 10 fARIZ DWW T,
— BB 72 ) OHEEREEE KDL 2 S, 008 ~ 047
m CFE¥026m) Thole

L B D 72 ) OHEMEFRES X OARLE & ik
JEDRIE %2 BATX & LT Fig. 4 \2RL, EAZE5—
KigR e LTENZROBBRERNITT 52 & T, D
To 22Xk S5hiz,

D = 025B (1)
(FHEEtR% R = 0.76)

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

2T, B A&t (m), D: 18y 1 Hd 72 ) OWEjKEE
B (m), Vil (ms'), TH5b,

L5}
[X]

+.7% p-n2sp
(R=10.758)

Bel diagrmeder m)

=]
k=]

o bz 4 o ol 03

Destarsoe peev pulsation (m) Swimming speed (M)

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 £ =

Wik U724t & ks Eo BB LY, =F¥
F DS H AREEATEA T 2 IS SN2 4% 03 m
FERE O /NBEAR OB EST 1279 003 ms' REEE 2 5,
L7285 T, A4 0.3 m LU /N R 8
5o Tk 51FEDRENIZ R L, KEBENZIZITH
TR & 5 & HER S L5 o SEAEE R O/NMERIE,
WFIFTEAUT I > THRE SN CTHARMHTEIZHEL TV 5
LIS EN D, ), MBICHABBTHRONS X %
KEEARDYE, Bl 2 XK OWSEIHE I EZ 5 2
TWLHEL~15 mBEOKMOTFYY 7 F57D
WEKHEIZ B L # 0.1 ~ 015 ms' LErR, FwiEn
THIE TS - THedr 2 L 5T & B iEIkAE %
AT nEHMEND, 72720, HEA 05ms’ LhEDH
5 P R O vl F (13, 1969), H A4 o
S G FE L CREE B S N D VIR R (FERS
2005) OHTIE, KEOMEMAKT D Hn &3 )
FTAHAILIFTERVwEHNENS, —F, =TF LYY
T OMERERE & ) /NS WO R TIE, HE%h
MA~BET L2 EDUETHLENVR b,

B RIRE O RS ST, TR 2 50 L 7220 &
Db, M S 2 5 E OB REE O ) 2MEALICE
otz (HEKRE@ <0001). ik, EBEEFIZIZH
AT B ) RSN T 5 2 L A BRT 5, L
7235 T, BRI X 0 S v Rl ol
WEFIZUE, S RE SN2l soRE 2 LR S awnw &
HMEND, MM, HEGREEE D RO & Wik
EROMBEOYETIE, WHOWBEKET 1 IITARE
DRy 2~ 34, BT I RICAEDOR 10 5o
BEZEIRTE B (JE L, 1978), MMHIC BV TARE N
KT HMBIIFEHD KX S LI R ADT, Ml
LIFE Y7 T OMEGREE E HAMIIZHRTE 2w
EEZOLNDLHOD, KGR ETLHBOEKELH
10 cm P bEdbsroThHhni, =7 s I35 L)ER
K TEDEEZOND, LIz > T, ElEMOT
RIEIWO®ER L L, WHIIBWTHAHEZFE Y
7 77 OREIN ZRATE OB E2 R L CTREL RS
LHEEET AEE, TFEY Y IO %
HET2I0D, BURAARRHET R EDTHEICLY Mt
HOTHZHIHT 2555, G LAMRENEEZZ SRS,
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F3E BMRALAZETFAASIATLAEZRAVE
IFEL VS5O HRE

3.1 #%

il

B1ETRRZEY, TF¥ 7 55 0540 % 18R
TAHZEIE, WBH~NOMBTICLELRERERD,
HEWREDORIRDO T DICEETH 5,

W KREL D 7 5 7 HO 54 % & TR 5 5k
ELTIE, LX) LMMTLIMETELTFHESR
M S 2 &5 HHIC X 2 02— miciib i
TBY, TF BV 77 ICHLTOAEMS 7 =) —
A= brE2HWIHRBEICL2E5=5Y) ¥ Ik r» %
CFEMmEN TS (Ikeda and Uye, 2015 ; Baba et al,
2015 ; Randriarilala et al, 2014)o L2*L %256, K
B, WD, VT R R B E O R Eo@EWIZ LD
7 IO RZFENEL, BHEETRE R BRI D
EEThLEZONS, 7, H2WETHERE) T
FEX T T IERE AT 720, HEH THAETEE
BWHED R TF XY 7 T 7T HE LIRS
T\, TNHOZ s, HHZET THf % IEMEICIE
BTXTWHEIEEVEEW,

ZFIZT, AFETEATEO X ) HRBREBOXR %
fio T, MHERBIIHAT LT XY 7 T 7 DR
B WA OB IIHRO NS FEORMET BN
LT, AR b & I 1 2 815 L A5 M
REG, GHT2UMNDOI AT I ATAEERL
Too KA A S THES 2 FEEHVIUE, LE25
HH#Z T 2560 X 9 IMHIZBT 2 KBGO
'?’?E’L?E&: L BB EPHFU T EREI 2L,

5 LB IR T & %, it,m¢fiﬁ% il

ﬁﬁﬁ%ﬁ*?%kﬁﬁ#%@ﬂ%%?ﬁﬁﬁAwm
WD L0, FETEH7 7 BAEEEED 2IRIC
HRAHZET, WO T A MPHBIEES L, 7
FTTFHEMRBLR IS 252 L MFETE L, Th
i, A UFEORMREEHN T2 RS X %8
MCHIAE DA ZA LR T R0 LHLETH
5 (H#, 1977 ZOREICHMIZITE 22T 8RR
SN LB XA A RELICLTWAEE
LB oD (Cott, 1940), TF ¥ 7 57 DfkFEIZ
B TRERE o TV RWnWI Y, T2OHR EF
BLECHR LR TSRS NIBHTH S, DI
W COWRMZ TR TE DL TKP A A T % 8l
FIUE, HATME»SHERE T COREHFAD 7
T PR OB E 7 WIS ERLT 5 2 LA TE
o RETIEIDARAST VAT LEEELT, HAH
WMEMIRTY 7 7 BHE2BIEET52 LT, AFLEOHER)
% WERE L 725

3.2 MEBLUVTE

3.2.1 EmEREAAHAZ (TULCam)
FIEENEMERMA AT Y X5 4 (Towed
Upward-Looking Camera system, PAf%i% TULCam &
$5) OBIEX % Fig. 5 2R T, B A5 2 EEOEE
TARPICHEMT LI &L, W AT LD LEFHEY
%7 95 EEBlET 5, TULCam i&, A7 YL AR
F—VEORM T L — 2 (BHER 13 kg, LH1H
REETHOREZ 150 cm, MH30 cm, & 45 ¢cm) O
NN, €5t Ah x5 (Vv=—f#HC7, fiEa:
HDV1080i, #f%% 1 : 1/29CMOS & ¥4, A %)%

Hi=vision wided monitor, HDD réecongder
Fhd Dptecal lirdasang Fepaated il

Sed surfae
%’
o,
L
Wisual {'_5:. fesearch ship
field -"g'-"
k"'-i?ﬁ‘
Jelhdish -;}'? bt
e .
] '
[} 5
Depth sensor [(Semrad, PI3Z system]
Tenwing Mamse o

Dhprtical liedwing Fepeater umt Video camira umit [S0NY, HCF)

|OPFHIT, OFR-1354)

Fig.5. Schematic drawing of TULCam (Towed Upward-Looking Camera system).
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¥ 228 I, mARBEEARE 5 1x, 7L—AL—
k60 fps) Z Wik L7z AT v L ABFERS (BhE
w13 kg, MIKEE 200 m LAk ##EL w5 (fps:
frame per second; 1 &7 ) O a~H)., T&5
PRUFIRVHERZBIETE L9110, EF+H A AT
IRl X (06 15) % L7z, #Io TULCam T
X, Bt ATHO ALy b T — 712K 85 45 [H E
L T4 ZLHTEL 500, BLHifIC TULCam
Z5|l& FIF A TG RERTE ol €2 T,
it L CHME AR L S HMTEL LI, &5
Hf5% ) ¥ — % — (OPHIT #1:# OFR-1394) B X O/ v
FUV—2WE L2 AT v L AR FERR (2ehHER6
kg, MK 200 mfAR) ZRH7 L —2WIZKELT,
CTFth XTI ENDE T T8 IVEEE T %G
GITER LT, WREILL7ET 7 A N=F =T (2
A, B & 500 m, EE S mm) 12X AR EIZRE L,
METZELNETIL, MAICEELZD) 15D
HEEIVE—=F -2 AL TT I 5 IVBEEFITRL,
N— N7 4 R 7 ki (V=—1%# BDZ-X90) Bk
UNA T aveETFtE=y— (FE=7—H% 1 X2
A VF)ICHR L7z SHICED, EFFTAATDONY
T —H R T A 8 IRFRIT & kT g & sk
BT ENHREE o T T 7 AN=T =T NI,
LRy =—<#ou—7 (HE6 mm) ZiHbt
GALRAT, WAREISERE 2R P05 2 &K
LW E R <2 & & Lze TULCam O WA 5
TAY—&2 KOWHLKE (AF— VR, £Z15 m,
BEE6mm) & OFEHIMBAIEICIE, BEHRBEXORE
E5F (SIMRAD #L# Depth sensor for PI32 Systems,
SREE: 01 m, FEE: £ 5 m) ZEUDAHFT, AL
? TULCam OB B L ZDEE L LETY TV E A A
R TE A L H I L7

3.2.2 TULCam (C K B E{FE%E E DEHR

JKH T TULCam 251k L TWARRIZHZE LT 5
WROEFEL, W ATOL L A%TEME LT, HEE
EE L L72UAEDBRREICEMTE 5, ZOFILFD
BISARTRIC, RAHANCER T R MDA 2 T O
fElEmfME L THEL RS LT =MEOMHEE R
WUHEE TR L7t % 2 L7278, TULCam % %At
L CHlg SNk ORMAEFE L 25D T (Fig. 6), LA
TR L - THENRE D20 07 7 rFoMEREE
EERODLZENTE D,

N
P = 7 & (3)
h2tan (L+§tan;)

2

ZZT, P77 rEOMREREEE (RS /
m®), a: TULCam OHALGOM A, B L5
WZEZ T AR MO, h: TULCam O#FE (m), L:
TULCam @ %ALH#E (m), M TULCam Tatish
727 I FHEOMETH 5,

3.2.3 TULCam IC&3 7557 HDRES LR

TULCam ICHE L7 EF A+ H X FIZHIRTH Y 7
I IETE RV, 2721, WIZ—EH % —E DM
fICHE L Cnh 720, BAHLEESR L O TULCam @
EEZHIR L THBIIE, 7 A T O HPH o 88 R,
ThbbiliENED ¥ — W ECTHiE O LT h
(RALH 1) % AEARDSEE S 5 R 2 5HIl$ % 2 & T,
VUToRICE Y 3ES 57 5 75 FOBRE & HRmEI2R
DHLIENTEZ D,

D=C- 2L (4)
2tan;

22T, D EkoREE (m), C: TULCam D3EE
(m), V: BEHORMES (ms'), a: TULCam ®
WHUH M OWE A, T RO FOAE = & —lj1H % i
W3 LW (s) THhb, B, =TFEY 7 I7E7
FEE LTI RBENEVEXENIEHTH2500,
H2FTHOLMI LX), EHOEEIZZEN 1 m
PEORBEARTLIRK02 ms' RETH D (K% -
B, 2009, COMEIIRMEEL D SIS
W7z, ARIFFE O WA TR X ) RO HRE % K
DL, 7V HOEREEIZIZEAEHERTE S
L#EZ T2

T/, BT —Wa FIZBIT A KO KR E X &2FHI
T52LT, LTORICIDVEROZ I FHORE S
ERAKIEIRD L 2 ENTE L, ZOE L AEROE
WHBEIZIZE A LR TE S EE 2 T

5= ©)

Y

Forered dritimd e [£)

Wriabds
rarge [

;
Y Ll

|

R Goa

Fig. 6. Schematic drawing of observed water volume
by TULCam observation.
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22T, S MRoEBEOREE (m), M HAEAD
Eo S —MHETOREE (m), V@ E=% —[H
ORI DOES (m) THbH, ULEoRXZHNT,
TULCam TRl S N72WGh SEAEDO K E S 2 5H
L7z 797 HORE S1L, Pl LI 2 [0 72
DK (EHRMORKE) 2EFLE LTHILTS
CENHEHETH B (Kramp, 1961). H KDl kIR TE
TIFEY 7 7 IWICARENBSETBY, Bg
HCHREOBIRS —E L v, Z2T, AEBRTIZ
WK TOINR EOKE SHED S R WOAMEOEE
Z, WEALEHI L2tz b L ic EoXTiE L, &
HIZ, LFOARSL - RO - BtR (K% - JEI,
20072a) 12 & ) AR L 72,

B, = 1.74 A, (6)

Z 2T, Bd: A% (m), Ad: IIEERDOEEE (m) Th b,

3.2.4 #&BEICHTS TULCam DXKE

EBOHLETRML Ty I X EHEBRT L LT
TULCam DOYERE % 54l L 720 928R1% 2007 4E 7 H B X
OF 2008 4F- 7 H LS H A i 0> Ko 6 1 W6k VG 738 T Mt L 72
(Table 2, Fig. 7)o $XTOFEEIZHPICERL 72
Zli & b REEIREN T 2132 0 THEIZES < HE IR E
LCBY, HBUSH#E R &M Th o7z, FEBOBERNIC
oy F =W CEHI L RSO EWHE X,
16 ~19 m THho 7z EBRIZIE, WEZyI=TY ¥
TR SHATE OB LN (499 b >, FH
BN 11768 kW, U4 H ARMmAERKSHITR) 2 H
W7zo TULCam (&, #HZZfii S Tw2MAEH Y A
YFOTAX— (HE6mm) 2L VAR SR L 72,
WHLFED TULCam DL %2 %8 ¢ 5 HT, RAL
TV—AMIZTTAF v 7 BOFERLHOMER BHEHIY
fHF TR L 055 FBi% 17> 72 (Fig. 8),

2007 4E D FEERIE, TULCam ([2Wf5%) ¥ — ¥ — %
BA2EEETI, MELZEFTEFAATSHOA LY b
7= TIRET B LTI o 720 WAL IR 4 ~ 8

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

Tsushima Strait
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11k =
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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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7 v FOFEPHNT, 74X —DORIZEEICHETS
Z & T TULCam Z KR 20 m F 721X 30 m 1D
X 9T U720 TULCam O L8 M % 51T 5 720,
Bl 7 L — 20213 2 iER A Re sk (Starr-Oddi #15
DST pitch & roll logger) #HUY fF1F720 2007 SEDE
FIEBRBRICKREOZFE LY 7 S/ BHBIL T
e OKERAGWIZEEL Y % —, 2008), =FE
757 &g G & LT TULCam ~OBL ) J5 % Bk
L7z

2008 4E D FEEETIX, TULCam I2Wfs%k) € —% —
EEBLIOET 7 AN =TV EERLT, Lo
UFrTEo =TGR Y 7TV 4 L TBIELEYTS
WL 720 WALHED I 2~10 /7 v s O#PAN T,
TAXY—ORSEALEICHEST 5 2 & T TULCam
HEZH 15 m A5 100 m Y EF CEL SR LR
MLT, BISREL 7 57 HOW Y HOMRIZOWT
MERE L 720 2008 4 & HA B B cF X7 77
OWBEIMD TR L, 7 HOEREBRICIZ T FE
YOI FE ST ML Do 722, 5
YOI EN B LUNS RS KO 7 5 5
ThbLy VLA 27 5% Cyanea nozakii 34 T H B
LCTWwizo £2°TC, 27 VLA 7575 2B8x5e LT
FEBEAT o720

2007 4F & 2008 4E D FEEE L b, Wig i id TULCam
NOEFAHRXATDL v RNZA— 2L ZRILAIZ,
P2 MR ISR E L2 COBREDH X T O
SO e REBRAINC AR & W72 Lz 7 — v OKERF
78 - BE RN E T ZEAT O SR T B EBOKAE, E
E:17m, W:75m, KiE:2m) TEHIL7-& 25,
TULCam @ 8ALH H] (o efg o BT ) Omif

a X 38", WL T 2801 (Hgmig ol
A OB LIX64° Th o7z EBREEIZIX, VT
VA L TREZEERET 2%EHIMZ T, TULCam
DOFMAREEZ XD IEMICHERT 572012, W7
L — A CRERSST (7 Ly 2 B4R MDS-MkV/
D, 4rf#fE: 005m, FE: = 1m) ZWHMNIT, &
LN T—F & HBOFN A L7 TULCam O H
MUREIZIE, ARIRA A GREER 7 m) TEHI S 7z fo
St ACHEE & REIE) 15 s FEICRLER L C, T filik i
L CHAIEER X OBlgE L -2 R 72,

3.2.5 BEMRBIZTICLBEHE TULCam E DB

TULCam @ WAL & I, At B2 5o BHREIZIC
XV ZRET 5 7 T rEE L . BlES I
O EEHBICL S, KEEO RGN L 2RO X 5D
EPBIEICGZHEEBE VR T 572012, Kbt
EEDOZT D HIME LM A S i & gt L7z
HRBERDL120OIZ, 777 HOBBITHBL /- 2
~ 4 ZOBINHE D FEIRICIREK Z Lo #MW2 SEA
TONKFHHEZ RS 272012, BT o T Y &5
G OKEASOREEH 9 m) 121E, 30 cm HFEICHED
BT854 7 (28 mm) oL %K
WZEkE L7: (Fig. 9)o BIEHOHOE S ZWAEL, S
—EDONEIZE L S XX D, A5 OKFHiEEE
EOTHHZHETESL, INITITbhT& T
FX 7 75O HHEMATITREERIZ 15 ~ 20 m DK
FHEEEN OMARZE B L TWwWA Z A5 (Tkeda and
Uye, 2015 ; Baba et al, 2015), ARFHA T 5%
20 m ¥ CTOFHHPHN TS S EEE L <,

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 THI%E L7l & i L 72,
3.2.6 BHFZEEOEZEAFEROLER

PR L 7280 2 U 2 RGES 5 72012, RIFEER L [FH
BRI T U HiEds C 506 L 72 (Fig. 7), &g o —
Vg (=FE7 48 LC-10net, #IT: 10 m x 10 m)
WCEAREICIVE SN FE Y 7 S5 04FL,
KREBROFHMEZ I L7z, 208 b o — VHIZERE
%80 m 2 B F TR MEAR A TRML T, 2007
ET7H20HIZ 1 &, 200847 H21 H25 8 H 5
HZ TIZ8MOBETRE S NI 7 X O % &t
U720 AREROMIRRCVE LR M OFR A TR 2 R
MTEX Lol F ¥y 7 I 3ER & RS ZEHN
LT, MLF® Zhang 525K 7-4%RA (Zhang et al,
2012) & Y AR E AN & 72,

B, = 0.0837 B,*7®%® (7)

Z 2T, Bw:A#E (kg), Bd: %% (m) TH5b.
3.3 #& B

3.3.1 TULCam DRfii$ & U EREMERE D FFi

2007 EEDEERT, 7L —2DLEEIZFEEE, T

1258 ~ 16 kg DB OEZMINT A LT, BEL
7oA TE D Z & ZMERE L7z TULCam OFREEE,

BT 274V —DORZ %K 150 m 2w L72RI,
MR E KT 7 v b GrKk84 /79 ) 125
L TIEIF20 m S, MAKENEFEHHS v b Ok
K57 79 ) IZFAH5ZETITIT30 mITELLDLS
WALT X7 (Fig. 10, Fig. 11)o W5 X ikt & >
DFEHAFE 25, TULCam OHHEHIZOVWTIE, By
FHFOAETEEL, =V MIEKETT7 ) >
FOYiE, FEIEIZIE 00, FEARIZIRAKT+ 15° O
PHTH -7 (Fig. 12) HE 20 m » S S vzm
BCix, #iME CRES S RIFZHEOR T, W
RO ERE R ORH AT FEY 7 5
ORI TE 72 (Fig. 13). ®Z 30 m
MO SNIZWGTIE, HH2NE-> &) LHERTE
ZWHEbHoTboD, FilET 5D T VN
BREATE, BRE20 m A 5815 L2 04E & FBRICHEE
ST 7 I LM TH - 720

2008 FEDFEEETIE, T4V —DOREEH 150 m TH
7310 7 v LA E @ RAHK I GO K E L
Holtbod, WE15 mBEEF TLA TULCam A%
EBE L 22 225 7272, I F CTOMPHCHEHRIIMR T,
72, TAX—DOEEHN300 mORIZHITI3 /v b
DUFCHifT9 4 &, WA 100 m PL4E T TULCam % K,
WM T & 72 (Fig. 14, Fig. 15) . #EEF 30 m LLgE Tldiff
MEF CORBEELERERTLIEDNTE o720 D
®, Fig. 16 DL ) ITEFEK 20 cm DL LA 2 57
EBIET LI ENTE, SHITEERN 80 m LLEIIZ
BWThH, 2 A7 752 MREICHEET 52 Lh
Wi TdH -7 (Fig. 14, Fig. 15),

35 A
10

£ 300 22 July 2007 9
- B =
P Ship speed 7o
::'E' F i b 5 o
o - MWWWM g B
q 150 4 =
E 10 M‘J l llvl-- 3 g
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a ]
o 2 4 [ B 10 11 12
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= Distance fram start (km)
E 1w
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E 1 ' - - - in.n_"'
L |
g w0
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= 53 ' = lellyfish-observed point

| # [Nemopilema nomurar)

=

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. 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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- 5 2 20 Jualy 2008 :
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Fig. 12. Pitch and roll angles of TULCam plotted = Ship spewd
versus ship speed in experiments of July 2007. : = g i = = . -
‘é" el st s In
z = |
§ . o
E o belylish-obse
150 ‘ 4

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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17z
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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 & BfRERZEDHS:

TULCam O WAL CTHEIL L7-hR & HHBZ 217>
R, BIXUOZNEThOBIZE TR EINZ 775
DEAEL L % % Table 3 12”79, 2007 47 H 22 A
DEBRTIE, FHWHERER 30 mI2fL#E L7 TULCam
POWHETOTRTCOHMPAEBAETE TV Lho
72X #A3% - 72728, TULCam A5 20 m L £ T
DAPTRCTH LA L6 KE L7z &
JE#130 m T TULCam % 55 4 TH 9 km WAL L 72
BoOBSAREIEH 26 x 10° m* & o7z, ZOMIC
TULCam THIZ S h/zzF ¥ 7 J 413 251 kT
Y, FEREAREE I 113 EE / 10° m® & &5 72
FE L2 s BTSN F ¥V 7 57O
K30 TULCam & leXT1/3UTFD 74RETH Y,
TAARBORRE X 4 1K / 10" m® & % - 726

2007 4E 7 H 29 H o FETI1&, FIHEER 20 m 12
fi i3 % TULCam 7> & ififlfil £ T & 2 @BI5 X 1 CHlE
TXTHEY, HEEH20 m TTULCam % 1 KrE T
13 km BT L 72RO BIEARHIEHK 36 x 10°m® L 7%
72 ZOMIZ TULCam TEIZ Sz F ¥V 257

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

visual observations
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[i-31] el {rd 17y N soerw Coaralu (ele’ 10 [em'd N nemura Cpemsbr O’ 1000
sl SO07 M B T BT =) o 113 172.701 T o i
bl S0 =0 (o) FL B M. Ll 134 [=] 251 00T &L 1] rl
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1d 1964 A TH 0, RAREARREE EE L 551 ik / 10°
m® &% o572, TOBEITIZ TULCam O WAHIEED S
W E CTOMEZH20 m T EIXHR-TLI ERD,
45 N7 BB ART R B Ofii 2 TULCam OHAE 20 m
T U 7ol & B o B AR BORIAR % & A2 &
%o TULCam {Z & % XM A B A8 % B & 110 fRl4A
/104 m? & 72572 FRFCH LA S B CHlg S
IFY Y7 57K, TULCam &L T1 /
10 LT @ 194 A TH - 720 HBUS X B AR B0 R
BRI 7K/ 104 m®* &7V, TULCam TR 721
B EED 1/ 15 LT TH - 720

2008 4E 7 HOEERTIE, TLAEDOXMIZBWT
AT & 2 Wi T TULCam & WAt L7272,
TULCam 7*5 20 m EH FTOAZHR R BLEE &R
% L7z0 2008 47 H 30 HiZ TULCam % # 3T
%23 km B L 72RO BISHAEAE I, #56 x 106 m®
Ehrole TOMIZ TULCam TEIZ Xy L A
777 46 R TH Y, ERBARRE B 8.2 ik /
106 m® &7 - 72, 2008 4£ 7 A 31 HIZ TULCam % £J
4 R TR 41 km AL L 2RO BISAAIE, #97 X
106 m* &% »72o TOMIZ TULCam THIZE S iz
LA I8 67TMIRTH Y, BEARARERI 69
AR/ 106 m® & o7z TRTOIT LA 2 T 71
TULCam % &% 20 m DR THAL L T 2 KEICBIEE
sh7z (Fig. 14, Fig. 15), TULCam ® BALHIH
MOHB T VA 2 7713 F o7 BEI N ho
720

3.3.3 FHAIChAEV S TRORES ™

2007 4£12 TULCam CTBB Sz F XV 7 575D
TEABUE A 2000 iR E FEHICE K o720 T, A
AEE LT, 7H22 HIZELER S N2 g A SR EIC
Fihh U 7286 10 o0 RIc@igE Sz 62 itk &, 7 H 29
HICRL 8k S N7 W 2 SAT R Rl L 72 e 2 451

Danisivy s £ 10Mm¥)

bie s s A M s -} JIEE Ly = [ e = = e
; o
y  Memopilema momanl y

E

o L 22 huly 2007 29 Juby 2007
T o

w m 0

E = 11 TULCam depth
a TULCam depth 2

Fig. 17. Vertical distribution of depth of N. nomurai
estimated by TULCam surveys of 2007. Left: 15:40
to 15:50 22th July (V = 62). Right: 15:00 to 15:02 29th
July (N = 56)

B S 7z 56 IR D & % T L 720 2008 4F 0 25k
Tld, 7 H 31 HIZ TULCam CT#i%2 S N7z & H% 1
OFMEORNEGIZL VFEFETE o720, TH
30 H O RO A% MBI L7z 2007 EICEHI S -
FYX 7 T ORENGE Fig. 17 IIRT . TFE Y
7 5 RE 10 m DIRICOAAEd, 2 oBllXEIc
BWCTZF ¥y 7 773 BHTO SIS
Moz 2008 SEICHETMI SN2y L A 72 S5 ORE
4345 % Fig. 18 127”3 TULCam O Bt FE 254 60
~80 m & HEMEVILEATHH 20 m OHBRANTY
FUDBBETETBY, FITHE 40 ~60 m 2% <
DR 3T LT W72 Z e b o7z,

3.3.4 FHAIChEVZTROERE

REEHEE & U<, BEARREIE LT20074E 7 H 22
Ho 62 ffkE 7 A 29 Ho 56k, X 02008 4F 7
H 30 H OFLERILAGE D A % AT L 720 2007 4EIZEHI &
Nz F ¥ o 575 ORFEMK % Fig. 19 1I0R T, 4
BO¥HEIE 7 B 22 HIZ502 cm (SD. = 149 cm),
7H29H1Z533 cm (SD. = 130 cm) & 7o/, It
Xt E LC7 H20 HICEMLZ2RPE Mo — v
TR 22 EDTFE Y 7 7P RESINTZLOD,
AEERAHEIR L TR ADE hr o 72 ) ZATHESEREH A
RENTW72012, EBICAEZ EEFHITE 720
RIE 3R D AT DH - 720 EFEDFHMEIE 51.7 cm (S.D.
=224 cm) &7, TULCam THHl & N7z DF
WL 1ZE A LI D572 TR OLEERDV-IE
w5 (7) RCX YV ERHEEHEEN-LE TS 4

Density (Inds, / 105 m?)
o 5 100 150 200 2%

10 Cyanea nozakii
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Fig. 18. Vertical distribution of depth of C. nozakii
estimated by TULCam survey on 30th July 2008 (V
= 46).
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cm & 70, TULCam TaMHUl & 7240 F3HE X
NETNEDPo72DOD, FEETRDONL o7
(t-test, P > 0.1)

2008 412 TULCam CaMl S N7z LA 72 57D
A MK % Fig. 20 1IZ7R T 7 LA 7 75 DA
FORE S LEEHMOKE SOBRIZOVTITAIR
W, BEREBLIENTE o722, Wi
LTHREOEFORKELZFNL, EAOERZEL
R L 720 AEEBOIRAFEDOFHHEIX 187 cm (SD. =
71 cm, N =46) THY), TFEY 775 XDHEIL
INEH o7z (ttest, P < 0.05)0 [ARFEICEFE - o—
VHETHREI N2 L1 7 57 2REoE0 Y
fiiid 221 cm (SD. =71, N =25) &% (Fig. 20),
TULCam CTRHHl SRz L A 7 57 DEEDOHRK
BOPEL Y b ETREDPSTDOD, AREAEITE
DHENLEH o7z (ttest, P> 0.05) 0

Nemaopitemo nomurai

22 July2007
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=
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Fig. 19. Bell size composition of N. nomurai. Above:
TULCam, 22th July 2007 (Mean; 50.2 cm, S.D. = 14.9
cm, N = 62). Middle: TULCam, 29th July 2007 (Mean;
53.3 cm, S.D. = 13.0 cm, N = 56)

3.4 £ =

3.4.1 TULCam IC & 39 HmABTNEAEH

ARWFECHEBREE & Lot Bk, kBRI
XY HABIZHRESIND ZF XY 7 57 PRI
RENDLEELRWIRTH Y (K%, 2009 ; Baba et al,
2015), PIEIWCHBHT2EEKEIELEZRELEZ TS
5B/ TH D, D L) /AR OMKTD
TULCam THEZET A2 L+ iETH Y, BET
& 7B S IR 1 H AL CRIZE S 7R o 3 ~
10 f5, HBL & MARBIER S E % KT & 258 10)
WEEE IR 155 & o725 912, TULCam Tl3%
oM ERR TR, /2, ME»SOHBBIET
WHANEICE 572 7 9V FE2RBRTE R VWIEAIC
b, TULCam Tlk7 7 rz@lgca Ty, BH
THHRTXLIFEL /575 BLILY LA 55D
DAL L OBEIEI 02 ) RESIN TS Z &A%
RBENTz, ThE, 7V EHFEEE FORIIVD

L& Cwamea norakil

1e - 30 July 2008
TULCam

J:-_ ‘
= ¢
E 03 55 105 153 205 153 WS 155 035
s Apparent maxdmum bell size {om)
£ I'_ 21 July - § Aug 2008
zg Mid-water
triaw] met
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Fig. 20. Bell size composition of C. nozakii. Above:
TULCam, 30th July 2008 (Mean; 187 cm, SD. = 7.1
cm, N = 46). Bellow: Mid-water trawl net, 21th July
to 5th August 2008 (Mean; 22.1 cm, SD. = 7.1 ¢cm, NV
= 25)
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CIEBRLRVE W) SESAREES D D Z LT x
T, TULCam 2 £ 5 7 IV HOBER LR T 32X 5
bDEEZONDE, 2O EHS, TULCam IZ X 5
RETFE I A 2 2L T 2HEOA LR LY, 757
HASZF ORI HBL L TW A5 &9 2 BRI
LZRABCHBEL TV D, WENLZMEICIBNTE, X

DIEWHIPAZ R L BT 2 LESH L7280, KR
WXy, TULCam TTF ¥ Y 7 55 D540 % i~
DYAIIIBREN 20 m, # N7 / v MEETRMT
LHIENRBMEEZONL, BB, TOLIRHFET
B R VIR 721 % TULCam THAT 254612
i, BISHRELDIRO 7 9 5 HOGA LIRS 5729
WCHRE o — v (K% - JERR, 2007b) R BE KT
i (Bamstedt et al, 2003 ; Rt - &)1, 1991 ; Hirose
et al, 2009 ; FAFES | 2014 5 A%, 2007) 12X 8D
PET A ENEE LV, F72, HHICL A2 774
OB FRTHH I NS, TULCam LT 5
TENLET L, 204, TULCam Tl A
W2 Ais % 7 7 S EOMKRBAREEEL LR TE 57
%, SHIIHE A 4T T TULCam & HH# O BIZHE
REWKT L LT, HRICK Y 7 7 7B %2 BI%ETE
TWHEREZHECELT, CREMWZHBRRENTE S X
INCHRBITEBWEEINL,

AR KEL T IEE VBB LR T kb 720, &
DR HARBEOSIICHBIT2HEL T 2 T
DA RN B 4123, TULCam 12 & A Bi%3
TacER A EIZEEZ S5NS, TULCam T
TERDBIFLICA D R WIREETRAUT 2556 T bk
T COWEEZ KD 5N 5 DT, TULCam @ £ )
ZRELCEHE T A2 LT, EBEE (Table 3) @
L) IR E T AR E 2 CmIRD 5
ZEPWEETH D, T2, AFEERTTULCam 2L D
BERIN2T VLA 7T 75DITE A EDLE/NLO
ARTH o720 TNHITHARSH TRAERIL T4
BREEFIERI LTSI XY F7 Aurelia sp. (L,
2005 ; k- EH, 2004) EFBOEFLEZLNS T
EHS, TULCam 2 & 28I I X7 I X D44 %
HRDHHE LTHINHTE RN D 5

3.4.2 ZFERIORKE

HIRA X THY R fEE TCOREL X 04
BEfETELZ LY, TULCam IZ X T30
FICTHbo AFEEIZL D TULCam THRO A F L
FEIEICETORIRONbODOEESIRL, #
DEFZENENOFHIE % A IZIRE T 2 B RR
eEZONL, BPFPo— LI VIRESH

MAERELI VBB LA FEY 7 IO ER
A TULCam CTROZZAFE LD D ET/NE o/ L
b, AMBRIAEO—IMAlRBE L T2 LM L2720
WCEBR XD QBWARED S WM AR E Sz
WHEMD Db, FME N2 T LA 7 57 DR
TULCam CTRD7ZZHBORAFEL Y S HETRKED -
pARI = S O TH U 4 S IN D I N &= 8 2
BOHVPEBICKERMEICR D720, BUREREE
ZAbNb, L7228-> 7T, TULCam TRDLH A X &
FEBEORE SOMITRET R L, WO MREMEZ
el cIBB S % )i & LT, TULCam {2 & % &1l
BT EBEEETHENZ b,

3.4.3 TULCam DOHATRIZRE & K%

TULCam 121, 2007 4 M BFI2F8 58 S 7z LB %2
flize RAEFIE 74 A 2 5 &Pk LA L7228, BB
W27 BN CTH o 7. BIETIE, E5108
W, EREIOE 7L —AL— /MY FF I A
5%, EAEMZ KT =% — AL AT TE S X
I oTWbh, ZOLI) LRITOEELTHNLI L
W&o T, EOIMBERDRER A O ENEE % 1 I
SEDIENWEETH D, 72, ERTIIHABHOR
W7 L—A%GWEL CTHEEL 25 HWz25, KT
DIREY Z T E D2 IROEH 7 L — 2 & H72ICB%
TEME, IV EEHTEELRMBIIFTEZ S, @
Y BN IS X - T, mERHFTd L E
WA X —CTUHEREEFE T TULCam 2 A3 2 L
LTXL0b LNk,

¥ 72, TULCam TRA 7% &b EWHE L UERE
DEo#ETr 77 e Bl TE, ERFIIBVTY
TRIASE % F WIS 80 m ML EIcB W7 57 8%
MBT DI ENNRETH o720 DX ) LI XEIL
WX BHRBO LR TSR TE720, RN
K75 4 =50 M ABIEE (Stephen, 2008) 12 L
MEHASERBLCZ SFEHOGAZHET B R E
DISHB W END, T I35 HOARLR LT, FKig
\Z50A AR AERERH L TW b T I H0REW OB
BICHDATFHZISHIT NI EEN 2 A HENTE D
WHEVED D % o

2008 D FEEED X 9 |2 TULCam % A3,
HEO L 51T LTSRS RMICIE S NS 2 L5k
D E=F —T@igTcE 5283, TULCam (2
L ABEHBEOMETH D, —H T, TULCam O
AB L% FERICr — 7V % FAEE T 5 BRI
WHNEBEL TS, KEBRDOHZD, BEMEIIHE
#EE T TULCam 2 W/ F ¥ v 7 5 7 O 4 Aa i
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DREBICEENTBY (Takao et al, 2013),
AERIT H AR REAOBEFIICHE L TONRTWY
720 72721, TEERROINRT S 2EL L THMAT
TULCam Z AL 2 WL EPII LA ETH 72 &
BIZHEHOBIH LEEZHET S 2 &%, RAMIC
B EINIz T =~ —F7r—=7NVEZHHTEXL L9
YURTLHIET, IMEREEDLZ LD RWTH S,

FA4E KhEFFHXxSEEBLLERXPE FNO-IL
MBEBIFEL IV SHTFORESTRAE

4.1 #

il

3T L7z R E WAL X T2 X 20 ii A
FHiEE, ECHERED 7 55 HOS K ERL L
WL TWb, SOIWCEED 7 7 7 HO 5 & HiX5%
HEE LT}, 797 bty MEREIZEDV 255 %
LT 2 HEP N TH S (%M, 1975). L2 L,
7 S HORIIET TH 5720, HOH TR T T
WH2LHTF720, WHICEE 720 T 5720, i
MRRESPRETH 5, X512, TFEY 7 I75DHE
HIFKELRDDTI50~ 200 kg I2b b7z (TH,
1959 ; Z2H1, 2003), K& AM L 72K 1B =0 i 57
FEOWHEEZTISREI L, HHAERIRERICR 58
ELHLHIENL, Ay VETZFEY 7 I 72 RE
LCHfieifi_s L 3T LA HETHD L
Tz, T, BEiKkT 527 95 FHOREEZTAND
202, KA ASEHNTY I HEEZRENICHE
THHEDEZONDD, REICL) BESHEOR
e BUHETH X T 720 X B BIE TR BL T bE 2 #PH
EEALT AT EDTET, SRE S F LML
52 LIEHNEETH %,

ZZTCARIETIE, 797X EARN RSS2
ETHMER HFEEE D 2RI T LML 5T, Ty
Nz ¥ PR L 7-2F 5 b a—vfgiaokde 7
FHATEFEELT, WNEERT LHEEKEKPEF
T HATOWEI HEHT BB eER LT, 20k
FEoEMEE, TFEY 7 I PREICHBLZHAR
WA B W CEBERRBR TR T L & B,
AR D SRE 53 % TRz

4.2 MBPBLVTE

4.2.1 FO-IMBBELVETFTH XS

1) AECAWARBE O—LEB EEicE, A
EE N O — U (=FF Y HH NST-99, #EI17%7

SPEE 130 m X 30m, O KHA 152m, 2V K
IY FOHA100 mm) BLU, NHEFEBRE T —L
# (=FE74ELCV, MO 7m X 7m,
oK KEE 06 m, 2v FZY FOHA 28 mm)
Tz K MOIHEEERE L LCig, KEdE
PO - VHTIRBER L v ¥ —F— F (48 m°)
ZHw, PAEIEPE N - VRTEARAST A b
(i 1 m®) 2z, EH50EBE Mo —Ligh,
WOrSAM LIz FEY 2575 0ay Ry F9b
P ENB X912, Iy Fx ¥ FIZE UFICwWKERK
L7

2) RFBPO-IVBICEELEKPFETAH XS
WHNZEETLIIZFEY Y7 SO/, ATV L
ARF = VHOMFGERINRET Y F VETFTF I X
J (Vv =—%:# TRV-30) 2SS N7zKPET T H
ATy (BET 7T T4 v 7 AfE, EE 14 cm
X FX30 cm, WEREREI1I00 m) 2wz, €54
HATIE, KA 045D T4 FavnN—YarlL
A (V= —# B VCL-0437) %KL T, X— L%k
Jhf, 7 = AR MEREICEE Lz, KRIERE T
O— VTR, MOFMEBIETS X912, KPET
FHATHRTY ¥ RIS 2ok >
L—2 (B2 m) OPYRIZET X ICHY 172 (Fig.
21), MFEPRE PO — VTR, Iy P ¥ M
BT AHLHIE, KREFE I AT EHOOANY ¥
a— STz (Fig. 22)0 £/, =5 ¥V 7 5
FOBIE S NIRE R ITIRT 572012, KBFEPRE b
O — VTR ETFF H A 5 % B A1 7238502 i
EREar (7 Ly 7B T4 Compact-TD, il W &
TREE 200 m, RRERCERMIFE 1 o) ZIY fHF T (Fig.
21), WREBIVPZF XY 7 I 75 PR INIRE
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Fig. 21. Sectioned diagram of an underwater video
camera and a depth logger mounted in NST-99 large
trawl net.
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Fig. 22. Sectioned diagram of an underwater video
camera and depth loggers mounted in LC-V small
trawl net.

E138° E137"
r T e 1
NiE" cpa ~
L
2005 =¥
s PR
Small trawl net
::-.-."-r s Fiodo peninsula )
i i —
I.-- - .'
=N I .'I ra .ll-.
opdy . o
fu'a‘“‘"‘"- 2 i
AT oo S 1I0e-10/10 'I- | -
Large trawd net 0
100km ) f
[ - F :

Fig. 23. Map showing the distribution survey of N.
nomurai. Directions of arrows are towing direction.
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& L7z NEIERE P e — Vi cidfa o~y Fo—
Tl 75y v u— Ty, EhENRRIE S E
FE— Vi OYAE L AR ORERLERR 2 D T
(Fig. 22), ZNENORELETCRHIEZNIA S M7z
EEO P ZHEEB XL F ¥y 7 5/ PR
NIREEE L7z,
4.2.2 FEBEICHT MR

2005410 H 8 HA2*5 10 H 11 HIZH»F T, =F%
Y755 H% L IMBLL TW iR B 589 70 ~ 100
km 7, JKZER 1000 m L EOWEET (Fig. 23), i3
RAEMELRERLZHOWTZF X Y 7 55 OB
P Z AT o 720 A P O RKEIIEN F 7213420 T,
HEAKOBEBHEIZR 15 m TH o 7o RAEEIIAEA! T
BT AR EDNZRK 4 7y b T—EEL, T—FD
FX%# 100 ~400 m F TOHPHTHE YL Z A
DR SRR TRER 79 m £ TOHPAEZ R
H L7 (Table 4), WM TNTHHIZEBL, KA
kg bo—fTem, MNEIFERRE T — LT3
B ORMEZIT 5720 KHPEFFH A5 T EIZERHT
X ZHEMIIRK 2B THLDOT, —MH7z) ORI
FEM D 2 A Z VWX I L7z KPETHH 2
7 THioe SRR ICHER LT, =FE¥r s
TS S NG & IR EEREERGT T © LR IE A
ST FE LT SN0 LT R B AR RO
720

T/, TFEY T TIDRE LA L TWRER O
MRS 2 BT 5272012, 2EVRSTD (7L v
7 BT AST-100) % <, RS T O R
JER) 200 m F CoKE S E, FAEMMFP oA 1
H2Mm, & 8REN L7 (Table5).

il

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

Operationno.  Nettype Operation date ~ Observation time

Minimum Maximum

Operation position Warp length

net depth  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 8 752 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 # R
4.3.1 BEINhEIFELI7SFOME

REFRRE o — e N RIFBRE b e — g0 &
HLLEOMIZBWTD, BET0 m DIERTL HARED F
TN OBEDTTRETH - 720 KAIFEPE b 0 — Vi
DR TIRATEFF H X T 2R XY 1 Tw»
72728, OpATAM Lz F ¥ 755D 111
KHEKPEFFAXTDL ¥ X > #h o T 1
REI DL RS D 72 D BIRB AT TH - 72— Bl 2 bR X,
Fig. 24 2R L2 X9 W TFhoBEIZBE W THHEA
DOWEAYHIBIZETE, MNTE#T 2T T
7 e AR (BB T RE 7 BE I 2 LAY S 7z,

KEVE G b 0 — )V TIdRE 419 40 o R T Eb
442 AR, AEIFRIE N O — Vg TIRER 146 S o R
HWTEH 103 kD = F ¥ Y 7 SR B TE 2, Bl
ENTZF ¥ 7 T OERIE, Mg RSB 5HH
BEOREZLOIENPS, FEALOfATBLZ1
m R LR L 72,

4.3.2 IFELVISHORES T

ZNENO RGBSR & R O 5
IFYX Y7 TP TRE 2 MR EEICRD, BE 10
m RO BSMRIR T ¥ ¥ 7 F 7 O BERRE % d s
L7 (Table 6), AKEZFEHfE Mo — L #8TIIMOOR
EH30 mEREL, BEL mEZozFLr s
S DEEZR P TE Lholzrz0, EE10 m ik
DOEERME L72e Opd T, TFEY 7 507
A FNZH 5 Eho THERWHETH - 728 EE 10 ~ 20
m AR E 7 o720 WEICZTF XY 7 57 O
RERNE AT R ITIRT B 72012, BISHM 1 557200
B EEREZ kD72 (Fig. 25), #£RMIIB VW TRK
HOREEDSZNENHR D, RE 70 m DR E THIT

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

X-WME2BMORTH - 7228, AEESICBIT 512
EAEDRIMIZBWT, TFEY 7 57134240 m
I RORETICHIMICE LS oA LTBY, BRE
40 m X D EOGRETICHA T 2MEIE D w2 a8
bhoiz,

4.3.3 IFEL 7553 HLEKED LVES

STD Bl % 47 > 724> 8 B KT B % AKii & Hi s
D% Fig. 26 1I/R L7z WTNOBMSIZB W
T O MM A S EER 40 m F TOKELH 21 ~
22 °C, Hi413# 33.3 ~ 334 psu OHERHA TITITE—
ThHo7ze —F, HRERK 40 m R TIZIREOBEIIC
PEOIKIBIZC T L, HMEEER 80 m FTIE AL
THEY, KB LU EEIER I T2 &ps
bhrolze TOZENL, BEAYODZFYXYY I T7
&, HERE XY B oKD AR G 0 R E ARSI
SAL TV LD SI Nz,

4.4 EBE

4.4.1 FEOFDMH

ABEETIX, KB ETF A X T LR & 2
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Table 6. Observation depth, time and number of counted jellyfish observed by underwater
video camera

Net type Large trawl net (NST-99) Small trawl net (LC-V)

Op. no. Op.1 Op.2 Op.3 Op.4 Op.5 Op.6 Op.7 Op.8 Op.9
E Z & z = zZ Z Z E O z 7 zZ Z z E O
= = = = = = = = = = = = = = = = = = =
z

0~10 0 0 0 0 0 0 0 0 0 0 0 0 49 1 1225 16 552 12

10~20 1263 63 1379 81 2248 54 0 0 4087 41 3557 74 147 2 1269 27 123 1
20~30 1196 4 1021 12 1873 47 508 19 166 1 1237 26 165 8 1366 22 1026 6
30~40 60 0 0 1451 5 182 2 1727 2 366 5 136 4 296 0 317 3
40~50 61 0 0 158 0 206 3 80 0 0 8 0 825 1 562 0
50~60 276 0 0 0 750 2 0 0 86 0 0 0
60~70 368 0 0 0 536 1 0 0 124 0 0 0
70~80 376 0 0 0 0 0 0 408 0 0 0

Total 3600 67 2400 93 5730 106 2182 27 6060 44 5160 105 1200 15 4981 66 2580 22

Depth (m)

Number of Nemopilema noumurai counted per minute (Inds.)

Op.1

24

(=]

Op.5

=
=n

B2EELEER S o

Fig. 25. Vertical distribution of N. nomurai 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.

LzFhE ha—vilgzHnwcFEr 7 975 0mE
AR B RIS OND Z B 9EiE Lz H28ET
BAR7zXHI, #FE1 mBEEOZFEY 7 T 7O
KHEIIEFR02~03 7 v heAhBVnZ RS (K% -
W, 2009, # P4/ bTREENS ba—)L
W LT, =F ¥ 7 57 HHE10 % [m5E3 5 fetk
WBIBEAERWEEZ L, 12721, KPETH A AT
O HF AN X TH5SE, AMLMAEIKPE
FEAATDOL ¥ IS > TR Z DT 28560
Hol20, KPE T H AT OBEFINIHRAIN X
WCRHRETHIENET L, $72, B EBAIN
EIWHRELTY, A5 -#25 2 LiC k- THiIgE
BICHRENELLRELHLDT, TEBET T
FEDKRP A A FIZ5] o@D T2 TR LE
LEZbBNA,

KRB b — VIR AR R & w2
EmD, TFE VI IFPEHTELNL ) RhS v
HEOME 2 fviud— BBl © & 2 6805% <
70, ARAREREE B S LB A S B TR PR
THAIEHARONDLHEN D D, LaL, REBETH
WA O X ) IO HES K& T, MH %8
HMLTLEIERDIL L 25D T, IEMICAHEAL
RS A2 LT E Y, MR E 2 € BIICHAR
LT ENWEETH B, Tz, KIEHE b a— LT
FHE 2 HEE 10 m T TOIF XY 7 57 MG S
NTWiWwS (Table 6), ZHIZHEIIDE XA 30
m&REVADIZ, ROMBHEIE ZRPLAKFTD
HITHFLAREE 10 m & 0 S 2D, WA I Ww
bILFEXY T FORERHRNTE LRI o72720DTh

5o Tz, MIMPEOHGRIFEY 7 S5 DOREEX
DHIEBEDICKEDST2720, AHELZE L itk
Ty Py FIGEIEINSEICHEEBZEBLTBY, %
BRI E T 7 2 7 TR S - EfkIE, Mok
DA TAHLTCZEDOT EFay Koy Namil L7
R KEFG " HD7- LN SN D, KBEPRE - o—
VOB 3720 DT X ¥ 7 5 F BB, #
FEFETL / 4T /SRR o — Lo
RS20 01 F ¥y 7 55 BEME RER VT
Ehb b (Fig. 25), AML72MEADZ 258 H % i@
BLTCWEEZONL, 72721, HrheMOmiED
INEL o722 8T, ARIOFTAIZHR - TAE R
IFE 7 T DOREDRIEES AT OIEIRH/NE K p
g b — L RIS TH o2 E R Do

4.4.2 BEEICLZNEIHOELOEE

IIERE e —-VfTH S LCV Ly ML, —[
DHMTBETE LI F X 7 775 DEEED D v
LOO, WODOFESAHK 7Tm L HE/NS WD,
WAL F CTEREDA ZREICRD B 2 3 TE 2, F
7o, To/NEIFEYRE O — VT, RIS
TAHIFX T T OURES G % 848 T & 72, Fig. 25
WXL, PRIt HORMEE (Op7) \ZIZBEE
20 ~ 30 m CTHAIKEH B 72 ) OBIEHEAEA R D K&
molze L2L, TRICEAEROIFEY 7 T7 M
% BRI NN 34 12 LA L (Op8), 1500
PIBEDO WA TIE (Op9), R0~ 10 m THALRERH
SV BBEEAEBRI RO KREL Lotz 77XV HIE
HESTERBE %17 ) WA H 2 720 (Z2H, 2003 ;
Moriarty et al, 2012 ; Dupont et al, 2009), Z® X9
RN IS X o TEBT A 2 F X 2 7 77 OFIEG A
b, BN MO E AT A/ EGE N o — L
EHWS LIRS A ENTE S, 12720, &
WA 2 A B3 A, SEPICIRIEAT g & 7
HDT, HERAT L EOMT3: L oG H AR E 1
LEZOLND,

4.4.3 EAEHZEEOHTE

2005 AED P T L2/ FE g b o —vigig,
HWHEOHENIF XY 7 F5DOREE LKL THE
otelzo, HERGHEE ZEE Lozl E T
X, TFE 7 T OGMEEOHEN R TH > 72,
AR TG b O — VORI RE AT m OME
BT 5 &, AMEITHR I3 385 m* &b, B
MHIE 4 7y FTHICET, AMLEKREZ T
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TEtfic&7zb 5L, ROUEZZFEV 7 5D
BENEEI0~20 mBICBIFL2FEY 757
DR B, 1000 m® HIZH 0.25 fEfR & HEE T & 72,
72720, LD IEMEREER, RZEMMNIZILWEHIEIZE
B KF0Amz2iBR T 5 720121F, BEBIRE 5 O
MR OIRERFOFEM 2 LIRS, WK —ETH
LRET7 L —2A b= VilgEORMIZOWT O RET
NEFHTH 5. F72, BEREFEES KT
2, WHEEE S EVEA I, KEAMIC X 200 %
BMMEDT, Ty F v F2H LR X ) RE
ATV, EBEO AR O ERCAEFTNSE %2179
CETHEDHEEZEDLIEHRWEEZ B,

4. 4.4 REFREDKRE

AT, KREE LY LETHLEER 40 m 2L
ROREKLIOBEIEGOET, HiZEZlozFE¥ Y
I rNBIEIN, TFEY 7 TSI EIGET
FEAEL, HRERICE D BARBLHESIC@m® IS
(Toyokawa et al, 2012) . *FBEEFTIE I HARHED FE
BAGE RN TW A Z RS (/R 2015), 4
DOFETHRER 40 m LLE TBIH & 7z iy sk
MPORYE S ORI, HERR R & D RS2 R TH
RIFIZTHA L7 REKTH B LT 5, L7z T,
Sl % U7 ie 8B B 0 i R I BT 5 =
FEX 7 T77D% L, BIE LD RN E K> K
ORI EL GA L TWeEZZ 5N, D72
W, TOWETHKFOARICIFEY 7 I 7505 %i%
SRS D 2001213, TF ¥y 7 I/FPMMTE %
WHAEOHH TREK SN, WO0R SSHE/NS»
NI PO — VISR E T A A X T REE L
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PHN CHRAERE X ZEZ LT 2 HEIET 5 &
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MBS L R 5 DT, TF ¥ 7 I 7 DRES
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BT e b3 2L 3 RYTH 5,

4.4.5 MEDHAENDER

ARRAETHEOFELE LT, 2006 4B & 082007 4E
W2 F X7 I PHAREBICRERB LB, KR
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XD R ORISR D IZHWT WS Z & Z R
L7299 2T, OO0 IIRE I LEp L Ttk
%785 m’ L L, WMEHMART S L TR RD
729 2T, D72 ) OMEREREE A RE 10 m 31
B L 72e BRI X OV H B & A g A S %
Fig. 27 12”3, WINOBMIZBWTHFE L >
SEDHAREZFHIT 5 2 LA TE, HAZHEN
B FERT S EICE TR LD T HD 5L
L AHSRESAOEADILBTE 2, N L DOREIL,
BT HETEICBWT, TFE YT T 5 OB
EMFEBRBE D PR & W % 720 DRNT I 72,

EH5E BFESERAVEIFEC Y77 OREKITE

EE

51 8
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BoOBETHRRIZAF 2 —NBRICLEZFEL 7T
FOBEEBIZETIE, mARREN 45 m TTEHFLAL
X, TFEY IR ELITEABITL TV
DHERR S N Tz 7272 LIEHEBIZE CILLBH T X BIRE DS
o, TRUIEE X CRMOEKROEHNIATET
Hho FAETI, KIPEFFH AT HEHF L2 ba—
VHIZE DIRKIEERN 80 mETZF X7 T 75Dy
MaRRAELD, ZHLUROGAIEIAATH 720 F
72, HH OB T B KR I & 0 /55 A A4 T)
T AR SN, TFE¥ Y7 T 5 I3HENERE)
I AHMEEED RSN,

IFE Y7 I OFEFEIC OV, AR AR
Lot BIZIE, TFX YT I DOWEREEIZET
LZHMAEINFETIEEALEP T2 TF XY 257
DRI T AL, =FE¥Y 2 712X B
SR ERIAS T R T 720 DRBEERE 2 B, B
ZVE, TFE Y7 57 LR RAY ORGSR H
JAVEASEE 72 B B 5020, BRI AR Y 732 L7z,
IF XY 7 TAGM LR WIREENT 72V B ort ok
ZEPLIZDVTIEHE, RN RERLL I LD
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Population Density of Nemopilema nomurai (Inds. / 10% m3)

Depth (m)

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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HBCThoThH, HAEDOITHZEHEMIZBINT S Z &1
TE&RV, —J, WARREER VL7 — 7 Lk X
FBYPRHREN 2T =7 aH =T = A ANV F Tk
Vo 7N BT # A, AR L T2 KPEIC
FAELCRmL, —ElHERRICHOCHEST 2L
T7—% 2 L T RENY) O KR 2 X 5 Tk
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5.2.2 BFEBOMLIE
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THIT 52 ETHREYOBEEEZ ) TV T A A
W T A5 2 e TX %, il L7 Pinger OfF 5%
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52.3 BFEHFEOEEFE
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ZRER L CTHRRICES T e TH D (B
g, 2003)s L22L, BERZZFEY 7 T77 %
OF FWHEL M LT TRD L5 2 &3 TR
ThHb, £/, TFX Y7 I OKRKITHEL LK
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THWMDTHNR TV, £2T, AF2— KIZK

0, KhEEKTHZFEY 757 ICE TR E Y
NI 75 AF v 78N F (UTFTIENYEF) 21
FXY T FTFIBENT BN EEER LT, NV FIC
EIL¥EMA Y21y 7% 4 (HellermannTyton £k
#wEE A E— VT KL A% 4 SEL-RI IF 7.6 mm,
BLXooy ¥ Ay FSELH2) #Hw/i, =5
XY 77 3MTICRCIRHEE AT 5720 (K%,
2004 5 A% - JEHEB, 2005), T & 5720 AKHTHEFA
FAN=IfN WX ST 2UERH L, €T,
RO Yy 77 v 7Y — Vet = — VEZ A S
b TEIEL 23535 (BZ60 cm) OLIZH 5 A
CH/NY FEEU) T T (Fig. 28), /Nv FOlgoH

W F XV 7 I35 0ELEZ L CHETH LD TIC
P B3 % JEAGER & CIREEE O BT & A1 % 51 TR
L7: (Fig. 29), /N ¥ Fidz—EfofMIT 5 L8 T Hn
Wk o TWhb, TF Y7 57 XBEMELE MkES
DAL ONZZBIRE LTWBEDOT, BIEZHI N W
7oy FERBEMHTTORELIT v,

524 IFELYTF5~DPAT LU Pinger DIEE

PAT & X UF Pinger 1%, 2004 ~ 2006 £ 9 ~ 12 H
(2, ARSI 2 & B i AU S0 £ T Ol T
08 ~16m CEF¥12m) OZFEY 7 I 75D
BREF 2RI A F 2 — K TEE L, 25X Y
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7 5 OARE, PAT B X U Pinger #3644 L724EH H,
i B L il % Table 7 1283, 22 Tlk, €he
NOBTEMRB L OENZ 5 L2k % PAT] ~
10, Pingerl ~ 2 & L T 5o PAT 23 F ¥
YOI PLYY SN TIF LTS E TOMMIE, 3
BRNZERE L72o PAT1 & PAT2 13 B2 5 HHH Tl
M EIZBWTHER LA TH Y, PAT3~105
X O Pingerl ~ 2 38 LS5 O BB ARWHETH - 72
TR 15~ 35 mIZBWTAF 2 —N\FHKTRR L
TR TdH o 720 MENOE T RO 1T L 7R H
1, WIFROMETS 55K TH o720 &b, K
OE LY D PAT ObHEIZ/NE L, Pinger DLEIZ

PAT 1

e

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

KREWD, P THETRENIEZRO L)L TOFRER
B M MUCHEZMNELZ, $72, PATB X
O Pinger #25% L 721, AF 22— MK TH S5~ 20
DT TENENOBEZ BB L 2535 ik TE) %
L7222 A, PAT R Pinger BE UV K32 F
Y7770 MET 52 L% <, R R#EKR
FEZLGT W L 2R L.

5.2.5 Pinger DB %

Pingerl 1A 3134 (156 b ¥, HARUEXKEFIE
FITIE) %, Pinger2 345 BAREM & H WV CHBER L 72,
EL LMD, ARMOEER 5~ 10 m (2 RHH
DZIEH (VR28 Y AT &) &m0 FUF, ZE#KLHE
Br—T7VEH L CTHIEICERE L, — R PCICH:

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 V13Pp 1.6 2005 11/27 38.111 138.473 Off Sado isle
Pinger2 V1e6P 1.5 2006 9/22 36.191 133.155 Off Oki isle
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#t L7z Pinger 26 OBEWFEFTE22ET 5L, PC
?DE =% — FIZ Pinger OMIX 0 7 J5 0] & R EDFR
ENBHDT, TOHFMIHHZHATSIEL I LITLD
IFE Y7 T RB LR OEIKRET — ¥ % IS
L 720 MAT A AR AN I 264 S 172 ADCP (Acoustic
Doppler Current Profiler) (2& ) =5 > 7 7 7FhE
KT HREOTINZ B L 258 Lz, /2, B
BROERT & E#ICIE, STD (7L v 7 & T+:3 AST-
100) 12 & Y /KiB & O o $RmAE % FHI L 72

53 # R

5.3.1 PAT F—ZOEYE

TN T AHRICZE B PAT ¥ — # LK (=742
DF— % ZfE8 /PAT OF— 7 fllE®) &, #FIC
A L7z PAT AMEH 5 100% D 7 — % 2 ML T & 72
PAT2 WL, 12 ~84%TH -7 (Table8), (I
EAEDPATIZBWT, KAl L7277 — % 255
O EDORBTICRS Z L3 G- 720T, UHED
R CF XY 7 T 7 OWERFEERPZ IR T 5729
W5 R T—50RTH -7,

5.3.2 PAT OF LAIE EBEIAM

SR OFEBRTIEZZF XY 7 55 0KV E) D
I D o 72720, BB o7 R %2 L3
ETEXLIFIEOMET— 713 PAT IZRLE I N 0o
Tzo 72720, TIVIRAHEOWN Y AT L5025 (CLS,
2008), PAT 5% L L7z EDHEEDWHETH - 726

ZhNZENo PAT OF LA L BE /iM% Fig. 30 12,
WRET — % Zitdk T & 72 W % Table 8 IZ/R L 72,
PAT OEENE L7 L EOMRE2S, 3LAED
PAT 25 BAKISHEIE IS T - TR B PICBE L Tw
T2 L DR SNz PAT3 OAJLTE TN E) L T
By, ZoBEEHEHIZ 21 HETH 240 km TH - 72,

5.3.3 Pinger MIEHFEFE & K U TEENHL I

Pingerl % %&% L 72134 29 W5/, Pinger2 % %%
A L7 EARIER 23 Ref ol L 7238k 2 1T - 720 %
NZNOMEERDOKFRBEE % Fig. 31 IR L7z, »
FTNOMAEOBE HID, BEFAICRLES L2k o
WK IE ORI E1FIT 3% LT Wiz,

HE

The Sea of Japan 5

Fig. 30. Horizontal movements of the tagged V.
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

ID of tags rszttthljiyteI:r(g"/?,)s term (day) (m) temperture (°C)
min. mean max. min. mean max.
PAT 1 21 3 0 8 16 20.5 21.0 21.5
PAT 2 100 2 0 6 46 19.2 206 21.5
PAT 3 62 21 0 21 78 104 199 230
PAT 4 28 5 0 28 59 18.7 21.5 229
PAT 5 47 15 0 25 71 142 202 229
PAT 6 17 5 1 25 50 18.6 208 229

PAT 7 28 6 0 37 144 11.3 203 232
PAT 8 84 10 0 58 152 11.0 189 234
PAT 9 72 15 0 28 136 12.4 207 234
PAT 10 12 8 0 76 176 88 150 16.6
Pingerl - 1 0 20 152 7.5 163 168
Pinger2 - 1 0 21 106 15,5 21.1 21.7
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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 WEKREHLUEAFOKE

PAT B X UF Pinger THIHI 2 - 2 Zh o fifk
D PRI E O RYIE % Fig. 32 3 & U Fig. 83 127/R
L7:e HPAT OF— ¥tk iR o/, 2
Z TIX PAT1 ~ 6, Pingerl ~ 2 (& # %ifli % /8 L,
PAT7 ~ 10 i 1 Bl OFHEEZ R L TV b, VT
NOMEKLSHEBRBZ M B L 2ASHIKT 5T &
MHER SN0 $IZ, PAT3EY X I ANV EER
AR IN TV, WL D20 ffk (412 PATS,
PAT9) WEHHEAMTERVELRCEOBE) %D K
L7

Pinger Tl, B % M HEKEHIC 100 m 2L Lo
REZOFEAT L7 LA BRI B L TE bR I
7z (Fig. 33)c N2 DMK D i ik % 1 D 5% K,
/ME, CEIME, B X ORI O KR OIS, K
KAl, Pl % Table 8 (2R L 720 A MEAK D ikiz
FE DBERE 345 % 3 L 72 fii% Fig. 34 1SR L7z TF
YU r 37RO~ 176 m DA% &KL THBY,
SRR D WE PRI E DB IE I REE 40 m DIRICwW B & &
A 68% TdH o7z (Fig. 34)o HAMARDBEIKITEEE DTy
fEix 6 ~76 mTHY, 12D 10 fEAIE 40 m DLk
TH o7z (Table 8). HMWAKRD A KA PAIL 75 ~
234 ‘CTHhY (Table 8), 95%LL ;D %HNE Tkl 14
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Fig. 32. Time-series data of swimming depths of N.
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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Fig. 33. Time-series data of swimming depths of M.
nomurat investigated using pingers.
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Fig. 34. Mean frequency of depths for all observed N.
nomurai .

°C UL LDz 545 LT\ 7z,

Fig. 3512, PAT 3 & UF Pinger Gl s /247 —
5 DGR IE & AKIROF R E 71 v b L7z, kL
TV KR IZTETIZ L AL EN VD DD,
2006 4E B L 22 B4R 1E 2004 4E & 2005 452 EN L
AR B LCERTTHITLTBY, §XTo
TR Gl IR O K fiEIX 100 m Z#8 2 TWwi: (Fig.
35, Table 8), F 7z, 2005 4 10 A2 &R CHEIH
EN7PAT3I~6 X0 11 Aol s hz
Pingerl ® /5%, 2006 4 9 A 2Bl ph ¢l & 7z
PAT7 ~ 9, Pinger2 & ) & 12 HIZEPEM THMI S 1
72 PATIO ®F 2%, X DB THITL T (Fig.
35),

5.3.5 ¥k REOHRAM

Fig. 36 |2, PAT B & ' Pinger Tl S /27—

5 I & R 72 vk BE O IRg ) A BE 2 MR 2 2 L
2o I 7HOMOKE XX, 3WEHEEOHIKHEE %
#9, PAT1 Ti&, #EREREICHEED D 5089 5
FWREICHER CE o 72b 00, ZOMOTRTH
koG, B XD SEMO TG % 516
MAHER S 7z (Fig. 36). $FIZ, Fig. 83512TY X3
BV e W RATEY AN RSk S 72 PATS i, BfEZR O
VAR SN 72, BRHIRMIT, RO ENIC
INEL0EEHLLOD, HHIZIZFR L Y FED
JihiE< %= (PAT1,10, Pingerl YAV, %213
BE D ORI ON RS D (EE) EHin D RS
7z (Table 9),

5.4 E%E
5.4.1 RAEFEICET 558

IFE¥ Y7 I 08 % PAT SOETEHRICE S
NAF T LA N —FHETHHNT 2R ITEEIT %
Molze HFMOFEEIZID, INOOETERNS I
TFHOTEBINCE N TH S Z L iR L7z, 72721,
FEAEDPAT I, BELAMHAXVEIICZFEY
75 PONNTIFLE Lz, ZOEKRIZOWTIZEE
T&hhobnm, PAT ORiEREABADLT
MNEZONL, FAIZIE PAT ORI X ) TENIC
WEBELZ W L IIERHEOBIE, DA TE
Loo, EHMICIZMS»0%ER L5 2 L%
ZoNB720, ¥x5)/ER S I PAT O% 4 X2k
FEME O D L, S, L D/AEIO PAT HH
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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 N. nomurai according to time of the day or night

Mean swimming depth (m)

1D of tags Daytime (sunrise to sunset) Nighttime (sunset to sunrise)
All A.M. P.M. All P.M. AM.
PATI 8 4 7 5 14
PAT2 3 3 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
PATS8 56 56 55 66 62 70
PAT9 18 19 17 24 15 34
PATI10 54 37 71 67 8 82
Pingerl 10 7 17 29 28 30
Pinger2 15 17 11 24 9 76
FEINNET 757G 2 BB BLER ORI [ S

HCT&x5%, $72, Mo PAT#HAETE, =FEV Y
S DWEKIEEZIERT 5720123 0BT —%
PEIEFHEONH OO, X0 IR 2178 2 18
BEA Y GREZLE, TVIAHRIZLAT—YD
ZREZRLTEVLD TR o7, T— ¥ ZERE
XV ED D 720I2IE, BEO/NULISIZ T, EIEH
HBLON Y 7)) —Fm )ik S 7z PAT OBISEH

Pinger A Tl3 N O EAL LA O RO HIBRIC X
NGEBOBERRERIZR I AMICE EFE o7 25L&
[Al ] L 72 Pinger ® /N v 7V — 138 2 B o Ffe b
M%A$ %, Pinger 13 PAT LI L T LB D
P A XTI S DT, EIROITENC G 2 % %
bR, L7zdso>C, R REHBERETIE, &
MOFEERL D S EMIChI>TZF ¥ 7 557 % B
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TAHILELUREEEZRON D,

54.2 KFBEHIVCEXRE LBFOREBED
£33

SRBHNLIZZEAEDZF XY 7 T 7 OlEKITEE
D FHHEIZ 40 m X D/AS L, BICHBENEROEE
B LTz ZORRIE, F4TIIBWTEYPE
PR —IVHIZEAE LK E T A X FI2 8 ) Ak
L7k (K% - 988, 2007b) & IZIZFEBETH - 720
HARMBICHBT 225X Y 7 5708, FICHEIRAE
W THA LT (Toyokawa et al, 2012), xFIEEHAD
FREAKE & DI B S HARHEICHAT %0 W
WL JE i & HEIR L TR W2, AT A ifKIE
FIHARBEOERREMFELZ TN TS (KRBT, 2015).
L7235 T, TF XY 7 TR L T2 RS
KDL, WERIC &) PE F 3RS
POMEENZMHKTHo72EEZOEND,

PAT#AIC LY, BEAEODZFEY 7 T71E
WA > THARMZ ARG IR T 5 & 23
BENTe LLAAS, 2 A2 I35 A aurita T
HMHENTWD XS &, KBoJjn % MK PR E)
9559 %8 E (Hamner ef al, 1994) 13RSk
otz ME—JLPE IS B L 72 PAT3 1, HKEZ
DUFATEREL & TV 726 KSR L % 0 LV 1) & o ifp
WA AT Tz LM &5 (Ocean surface
water temperatures by data date in the Sea of
Japan. Available at: http://www.maizuru-jma.go.jp/,
accessed February 2006) o

F7, Mo &IhT T FE Y 7 TN H AR
LT HIZoNT, EKFEEOHMBIRLAIZKEL %
MDD oTe COMHELT, ZFEXYI7IF5D
GRS B HLHRIBE 22\ 22 g K A H AR & AL S R B L
B35, WG H & FEHEIC X RIS X D R4 28
BRI BRICRE SN DI, e & HICH
Kigpa BT 2T F ¥ 7 I 7 OMEKEERA S FHk
WCEEGFIIZED > TWwo el EREZBNL, —)
T, BRIV EREBIAEMT 2 2 & TL Y EEE
THEATWREC 2 5, HLARAIHENPHEALZ LT
WEOREWT F 7 HORITLE LR TR0, ik
&L ClERIRERIPIAIRE 2B, L) K HITATE
M7 IS X 2R S TR S 5 o

72720, TFE Y7 MR L T KR 1
1$ 2006 4F & 2005 FFETIE & A EEDR o721 b b
53, 2006 SEDFAS20054FE L ) B FEF TS L
7 IPT LT T OREOKIROERE 576 & H
THhBE, BlzIEKEH 15 °C OFREE % LK 5

&, 2005 fEIEKRIEA 15 °C OSFREEEE DY 40 ~ 90 m
TH o 72D LT, 2006 4F1E# 100 ~ 130 m TH ),
2006 4F-D KD N 2558 £ TEA o 72 (Fig. 35).
DI EMDYH, BARWICZFE Y 7 T 7 OB
PRI O SRIERE R I ARAE L TV B S b, —T
T, WML D b 10 °C DL KR MRV 3
FE 150 m DR E CORERE 2 T 5k bH o7z,
DT ENS, TFE YT T OB IL MO HE
HESE 2T ICHIBR SN BERTIE AR <, MBI ZATEI D K
ELXRETDLEZ LN D, 2004 5F O i Fk iz FE i PA
AN S 2o 72 B IE, 2004 4E1& H AT =
F¥ 7 7 MDY 2005 4EB L V2006 4 LD H A
7 (HARMWXKENZERT KR 7 7 715k web site:
http://jsnfrifra.affrc.go.jp/Kurage/kurage_top. html,
accessed 2016-6-1), Z® X 9 IR FIZB W T
fHETH A L7z PAT1 & PAT21E, HilZ 2005 ~ 2006
I PAT 2385 L2 AR X D DIGTIAE5h - 72720
LHEZEE NS,

5.4.3 EXFEEOHAEM

IFXY 7 T OWEREELIZERNICHF LD K
B OF AR 2 ), HHIZEE? S 4 FEHIZ
T TELC, HENTEED» S RHEICE S b L)
HREEDHER SNz H4TITBWTEPE bu—L
HCEAE LI2AKPET A A A5 TT7 HOREREEE
10 HogEEEMCHRICZF Yy 7 I 5O D
SRS AR TAERT S (RS - JEEE, 2007h), &
Bl OFAE L BRI A OHLE 2 D@ THIL D P
BICEL B EAPHERENT VD, 2OXIHIT, 7
~ 12 A £ TOM IR ik h & 72500 £ T ol
BV CHMAZ HEMESHERE SN2 L0 5, HAHR
BUCB W CIEFH R IR 0@ WIS X ) S35 o HH
HIZKREENI RV ERENI SN S,

%3, PAT1 OEEGGEEIZHMEZ HEES R TE
o2 E LT, PATI ARG 055 R
Kizol-2 k&, oM /z7— % 0oEH HEEOMAT
W0 TlERho 2 E2HEE I N5,

IFEY 7 I OMERBREIIEHEAERDH S Z Lo’
MREINLb00, RHFICHED S THE T TORIT
IR R ) RIS A VMR I N LD,
Hize B HEMEZ T TilEikos 7 — Y ASEE N B DI T
IweHigsnsg, PATS BLOPATI &, ZKHE
BIClERIRENRE B L Tz, Bl I T
7 OB TH D Rhoilema esculentum TIX,
DDEACNECEGRIRE DAL T B 2 LM ST W
% (Borodin and Osipov, 2004) e TFY > 7 57 D
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G, FTEEHME LTV REEICE L CIREMETH
LDT, 5HOMIFERELEZ D,

F 7o, AWIETIE, HAWESI MBS 5 BA0TE)
RS A RARE R 2 WG Lze L L, HARMESICH
B3 % DL o /NEVEAR 0 3t pk e BE L BE L UL R A RE T
bbb, TFEY 7 TFOEGA  EEFLITBNT
IR % 720121, WHRBBAARZT TlE %L, HEWR
B B B /NERDOFTE IOV T B BB B L E)S
HY, SHICFHFHZMAEIETNS,

FE6E KhFEHASERVWEIFELISH5DOE
B LUNELI AL

6.1 &S

MBEETICDBRTEZLHIE, ZFEV IS5 %
EHERZ S IBICE LTI, KRB X A HER
Wt R E T 5 7-00EBHAMRE LT, Thbo
7 7 RO ZE M oA & G IE IR T 2 LR D b 7
TGOS ERARDL HEE LT, PRI RHES
2o HEBIZIC X 2 REES W THY, =FEY
7SI L TOREMPR 7 2V — 2w HELEIE
WCEBE=5Y) Y FHFHENL L FESN TS (Tkeda
and Uye, 2015 ; Baba et al, 2015 ; Randriarilala et al,
2014) o L2 L7256, Al LC &7 & 9 ISR, M,
e BZ ORI OBV 2L ) R HICHE
L2 9 2, RS TRELREDWETIE 2w
BlERoEEMEICZ Ly, 3511, ZFEy 757
G RERE L 35 2 05, B I3
EORITFHELTWD E LRSS, #EH O HBBIEE2
T R IEREICIEIRTE v, 2T, £ I3TETH
LR E T H A T & DR R BIE )T
sz (K%, 2015). S HICERVHEIZWS 2
T T, Ay NCRET S Z L CREEE
LTz iiRD Fiad b, L L, IAHBHIC
HET LB EE KT N ELELTL L, 7978
DORESICL>TIEMEICEE 2 2 TREDE =N
MEL 2, KEICAH LRSS ) 227 b5
52 LT, NP OERNRMENTE LWVR
Wb F7z, RAMREHIPHNOSRE 54 2 BT X
T\, TIT, BAETHEHRLIZLHIZ, 3y Py
FaBB L7 b o — V8 % EE 3 2 k% Kk
EFF A AT TRET A2 L TOHMi 23R 5 D
s SN (K% - L, 2007b), 72721, Wiy
FEAARATIZLBBEELR S CICKPETF A 2T TH
WNEBIZET 2 hiEd, HRE - 72 TO/LIEH
WCTHDH, 55T CTHINLIE TR L 2 BHHHA

T L7208 (Honda et al, 20092), =F¥ 27 F
TG FE 2 SRIE R B 2 AT VIR I 12 & 0 R B AYZE
LT 570, HHOARZL L TEBOSAZHIET S 2
EVEETH D, W, HARW~DOIALZH 7255t
B C B A ¥ v 7 I X OES i & ILET 5
Z L, ToBOHARESIBANOMBLIFHO7zDIZK
BEREE b, MEITHIEEN TR S5 HEIE
AR 50 cm R & SWIRIN/NITH b, RIS
BT A L CEREE 2 #5771 (Honda et
al, 2009a) HWEEEEZ SNhb/-0, BEFHEICLS
IFEY T T OUWREGA DEENFLT L,

IFEY 7 IV IEHARMICB W THEYENED
BWIEICD L CART 2D 00, BENFEICL
HEMOFETIIHNETD 5 DT, HREIKAL v

BREHCBSRFESERTH 5. EEIZKTO
TR EW IR QB Z TR S % Bi5
TELEENAT EFEN L BREBED Y F— D% S
L (Belcher et al, 2001), faFHOEE (Maxwell and
Gove, 2004 ; &% &, 2010) RAKEOFHN (Rose er
al, 2005 ; Pillips et al, 2008 ; Honda et al, 2008 ; Han
et al, 2009) % EOFE L LT, KESEFOWIEIH
HENEDHTEY, =FE¥ Y7 I 505 MRHEND
EHbPFEIN T (KZ, 2007). LA L%D5H
7 Z B ORRIZIRIZAR T TR S ) %
WTHRT A EIIREEEEZEZ SN TV, 22 TR
BT, ARBICHE LTy 79752 /5E L
T, HEAN AT 2 TREEE RS X O % 5HI
T LTFEERET5E LI, *HE LB
U % SRS A R A DO BN R IC O W THE T %,

6.2 MEIHLVHE
6.2.1 BEHATICEDIFELIF5DHG

1) KhFEHASTOMLEHE AUIRICHCZEED
A 1%, Sound Metric corp. # @ DIDSON (Dual-
frequency Identification SONAR, Standard type, &
20 cm X EE 17 cm X H4730 cm) TH % (Fig.
37) (Sound Metrics corp. web site, http://www.
soundmetrics. com/Products/DIDSON-Sonars,
accessed 2016-6-1)o DIDSON &, #E =7 oxf
W EWRBHRFEICB T AR EHEE B E LTS
SNTHERTH Y, KPORERLEWHE KT 52
ERHRMEBIETE DB LR, T LB
P2 BinE (< 14 m) Ao 1.8 MHz & =i (< 40
m) H® 1.1 MHz OB E L5152 EHRTE,
1.1 MHz TI3iE 0.6° DB EH L — 2 % 48 K, 1.8 MHz
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TI3IE 03° ORI — 2 % KT 96 RIAEFI I P
L, KFEHT2 OB AELT 5. ZRBEDMHE
T EE AR )71 96 pixel, AT/ MIC 512 pixel TH D,
5rf#RELE DIDSON 25 Ol 5 m TH 3 cm Th %o
Mg R d 29° ORMIEOMG L LTI NL, TDH
AR LR OBEF 4138 14" TH 2205, 20
FHINZHRREIE o FLERTTREZR 7 L — A L — MdiK
KT2fps THbo Tz, KEARXATDO L) ITHEHD
FHL U ATRERYE — 2 0ES 24 TRV Z W
Beftoh, WL SNHRYORSREE, 1~ 90
dB O#PAAIZB VT, 1 dBEICHYE E TR OEN
E LTI LICFRTE B, BBIZ, F— 7S
N7-E =& —WHICHEOFmE L THFRRSh, Wik
DIEED 2 MHORS 2T 52 LT, IEWok
ESRARRDSEGIHBEORHIATE 2, BETHE
Ze i KB EE 3 % 1.1 MHz T# 40 m, 1.8 MHz T
¥WldmTHhHsb, TZELYAHSH 1 m DO
I AANL L BBENTERVIEREITH L DT, BILHE
BEZA 1~ 40m OHPAN L EOMETRETE %,
FUAEETH, B8T 2 Hlo®MHZ /NS CREL
7o BRI LS 2 D, X /S k%
HALRTL %%, DIDSON 13/ — MU PC 3 X O
=y FCRESNAMERE r—7 Vv THRT 5
LT, VTIVE A NI EERR L 2 HS 5 Rldk Rk
EDOEENREL e b WHEITTr —T NV EANL THE
RPN LARBRICERZMEL, 77— RIS
BN, IMF ORI Y 7)) — B EEARRIC ST UL,
i EJR &k L% < T3 DIDSON HEBD A € 1) (ZWE
GF— 7 2 ilsk T A ENTRETH 5,

2) IFECISTOBEER 3, E8HI2IT
IFE 7 T OBISGENHRED L) P EBBIZB W
THERFEBRZ 1T > 720 FEBE, 2005410 H 6 H 13
KE 2 & 19 REIZ A 0 CRLEBIFF BTl ol (N35° 38.28,
E135° 1696, JKiE# 55 m) (2 ZEMAA S LRIV

Fig. 37. Acoustic camera “DIDSON" .

L TIT o720 HBH AT, Mo BIIEH
A F RV THKMOEER 2 m OEh 25K
SEHMEML X HICHY FIF72 (Fig. 38). BEJ51
DO, AEHEICH LT 0 A & & Lz, FBR
T, BB ATOBIEHMNL BET 252
T EMLEDD BB LS, H8h X 7 128 m
L7/ — MU PC O ECTRIICZF XY 7 550D
Mg 2 AT X D0 E) ez, BkEiEsgs
FTHMAETE COWBICE DY) B THALZ, 1.8
MHz TORAF/RE#IZ 12 m ICHBRINTHWED
T, HENATHOOHEENFK 12 m DINOBILZIIE
18 MHz ZH\WT, #12 m Ll EEER -k BIgC
13 LIMHz & Flvi7z, SEBRIL, BISEHPA 250 5 X
I E 2 AR H TS 017 ms! O K& i 2381
Wi, #EHEKEZ 245 °C Th o720

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

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) IFELIUSTDBEXRRER 18 MHzIZX 5
Hecit, ffru ko FE Yy 7 57528821 72,
Fig. 39 127k L7= & 512, 18 MHz TH¥ L7-mg T
&, 13 A EDORRTARLR & TR O TR A L2 5k
MTE. BNk L, e OkEHTO
FEARASH 5B T & 72 33 AR O A & LR o K
BHREOEWE, 55N -ME EoRRED S i L
7o & TAENR o T2 (W L RE, p>0.05) 0 L7zA%-
T, TFEY Y I X 3EREOLT TIRIET I T
EREL TS EHERM L7z, 1.8 MHz Tid, fAmisE
12mFEFTIFEYT FITFOIKEREBRTETH - 72
HEES AT 00 OWEENK 10 mPINTH L 4ERHs
HEI T 2T OBIETE, WRICK2EE I AT 08
b nwiaix, 5 mBNTH USRS
TLMFFETLAMATES (Fig. 39), 72, =F
Y77 ClERT 2 EEHN20cm A4 K5
A Psenopsis anomala BT &7z (Fig. 39). TF
Y7 I35 AR A OMKRFELYER ETEZR->T
FRENLETH, A RXFf 3 FEr 7578k
NRTCHFBREDRKE D o 72720, BUZOREF O ENT
W TE e T, ARKFAZZFEY2T5EDD
FRAHW2720, RIRWE X PSBEWZTF XY 7 T 7
& DFINDES TIh o720
TEAATHOOHEEN 12 m DL EIZBW T, 1.1
MHz % FIWCEt 3 kD = F ¥ o 7 57 % BigE L7z,
11 MHz THg L7z F ¥ 7 5 71%, Fig. 40 IIR
L7z &9 I SE0SAS WS A5 TR IR o WL & L CFRoR
ENZDOD, TOKRESIRFETLIEEIH»HLLTF
Yo7 I rokE LT TE . Lo, 11
MHz % v CHRAS I A 3 A ik = 5153 % &
EDUBEEEZ SN, T D XD HWEIE, FEIC TS
HBEBSECTHAZMATE-HTENIATNHR 25
m BN T F TICBWTHEETE 72,
18 MHz TlZ=F ¥ ¥ 7 55 OIRE FFIZ i T
X720T, EEIN g EEIE TN —-ZA952
2 -. L;.gfwr,,::r._a.::ﬁ'.-;ﬂm@r&' S 75

-

f--

- - ""_.

# —-— -- -
29,0 ol
..'..."..l.l Iy ‘lfl el - -
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Fig. 40. An image of N. nomurai taken with an
acoustic camera operated by 1.1 MHz (about 22 m
distance from DIDSON).

ETCHREIHORE S RFINTE 7, FHllL 2 FE >
7 5 DAREIL T 98 cm (N=33, SD.=16) TH > 72,
FEEU HIZRESFICL 2EWIIT-> TRV oo,
JER T 2 HANZ R 2 Do fifkx ®A TA
F 2 —3FKIC X 0 FEHI L AR 130 cm (V=4,
SD.=18), Hifk 2 HEIZZME o — Vg THRE L 721
ROAEFIZFI 88 cm (V=13, SD.=17) TH Y, &
BHRATORMNMEE KL o722 L, BRI
EIFRYRMEEER D, T2, 1.1 MHz I X BHEI%T
AT DOTCIRZ W T X o 72720, Wi SNk
FPROMZIIERERD 08 ~ 1.1 m&%kY, 1.8 MHz T
FHllL 7 F¥ oy 7 75 ofEE IR K L7

6.2.2 MEBEBHICEIBZIIFELISFDOLH

Hial L 72 BI EB oK R E2 RIS, TFEY 27550
GAi & BB 5 720 OFEFEERET LT, AFoH
AR DU A TN ALE S 2 5 B Mg 2 5w T
AR & S L 7z

A A S OB X B 7 5 HO MG DR
21X, —ERRINICEE S A 5 OBISHHN THE S
N7 o 7 HoMEE %, FEMNICEED AT O
BEEALE 7213K P ORI X o THifg 29° o FREE 0 1
AT 2 I L 72 K ORRIC X D B LT
WE, MAEREEE L TR FEEEAL L
Bl 2 \XBIZEHHE 10 m O E TR T 2561, Bigk
W 12 FR SN WA 30 m* H 0, #Hfki L7z Wi
BEC X VBT & 222 ORI RIS 5
T Mo ky PEHBRLTHTHICKREL RS,

2006 ~ 2008 4E D 44 7 H A% I ik o P K 3 T = F
YU 5 ORES AT FER L7 (Fig. 41).
AT E LR E H V72 BIZ OB % Fig.
42 18T, FTHAZHEET L L) ICHEOT7 L —A
(45 cm X B & 45 cm X X 45 cm) PIICEEAS X
N7=EEA A7 %, FEMoOME ) BIWHY 1 >
ZEPNZTA Y — (EE4 mm) TEFLTZFE
YO ITOGARTARD FiEL Lz, 7L — AT,
B HFMAKTICHF LT L b L) Iz ok
HREZMZ 72, BUWHY A FIEIP NI 4 Y —
REFELTILV—20R) MIFREZLEETL L
T, BISEEZHE L2 7 L— AICIREERE (7
Ly 7 & T3 MDS-MarkV) %275 L CRIZ b o3
HATORER 1 s EIZFER L 720 ki b i
WTHRAELLEZFE Y 7 I 7 DBWED S HARBIZHA
FTAHAOMELTEBY, ooz FEY 755
(3AEFE 60 e FEEE F THRE L T A 720 (K% 2015),
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iR OISO R L D B 1.1 MHz TH 14
kR ZEHCTE 5 L E 2, MK 11 MHz, BIgHRE
20 m IZREE L 720
BAZETHM LX) ICHABOZF XYY 7 547
TR 40 m RISV A ERZ Vb DD (K% - )
&, 2007b), S5 ETHH L7 & H w2 S
100 m AR E CHENICEBETAZ L HMOLNTWS
(Honda et al, 2009a) o % 2T, BISIFEOM ) TIFBRE
%20 mBEET1 ~2KMBICEETSIET, Bl
WRER IR Z AT A L L Lize TOERTH L
REGFBEA AT TR L2r—TNVOEEIE60 m T
Ho2DT, MECBILLERBEIBLESH IS
mzELGIZZH 45 m D7 — 7 V%Ki FICRAT

=

"
Wied up and down

4 Fined depth
AEouitic CarmeEr o frame 5. 3% A% G|
143 £ i)
"
- et b .
T e bl lergnh
Wermeral anabdi pEr i
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el Pk kelbydnh

22 1

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.
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HIEIZEVEERNS~66 mETEYTIVEA LIS
BIZEL 720 BRE 65 m X DIRVIKEN ZBILET A58
1260 m Dy —7NVEIYHL TR B2 S O BIFRGL
LTV A ABIERITDT, BRAGEHICAMT oK
HiNy 71— (DC 24 V) ZARMKICES LT, g7 —
I T a roNEAEY (FRE8 GB) IJlHkS
HHHECWO BRI, ShICX ), BRKEERSS
m ¥ TOBIGZFENE L7z, BIGRED 7 A IR
BED 40 dB, 7L —A L — MZ 10 fps IS3E L7

AR, FRIOGEEN Z BlgE Tk A 2SN 3
AT % LIS, R TR 16 e, IEKY 269
WER TR 28 M OB % Fh L 720 FRAS I O KT T
SR 100 m T, AR O EWEIZ16~19m Th -
720 AWM ORBEIIHBN T IR T, WEE
LR TH o7z, BHITIE, Mz EBOHILEIZ
EHR R ORHHEIR 2 /v bR OMETEEE S
AT RUM L 2. BUHIEEICIE, fECito GPS I &
B ALEAER, AANCIE R S o sl Er Gl e
AR CI68) (X EHI sz 3 (RE 20, 50
100 m) OxFKGEHAE % RIS LT, ShbHo
filfl 2 FE (28 X 7 OBIEHH % #E§ 5 K O & & B
SRR L LCRD 2, Wi ETHEIN T E Y S
TGOV TIE, T 5 L & DITEREISEED A
SHLOHEEZFL, ZOKOEEIASTORY T
FIRE S L OB RO E b TR T52 L
T, WAMESICB U 2REFEOZSF X Y 7 T 7 Ok
B x2 KD 720 F72, Wifg Lo SEEmEICH R o
AZMEZFHT 5 2 L THEREHE L. ZEOHEEIC
X, K%, EH (K%L - EH, 2007a) 25K O k&
AL & OB Z VW 2e SRS DHEEME, F

- w Juily 2007
. * July 2008
: : i a6 30"M
Ny
i
Sea of Jopon
3t . T + 30°00°M
1257 107 150° §0°E

Fig. 41. A study area and survey lines in the Tsushima Strait for N. nomurai.
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MR TR O H oz g2 L 23R EA B L O L &
B A F TULCam 12 & 5#%¢ (Fig. 7, % 3 &)
BT AEHAIME L LIk 5 2 & T, FHlEROZ 4
wIRET L 720

6.3 ¥ R
6.3.1 IFELI ST DORHARRKR

I BT 5 2007 SEOFTATIX, HEEHRX T
DEPWH 1.1 MHz TTFE > 27 57 H Fig. 43 /£ D
X9 MRS T & 720 2008 413 H AEIC B
FAHIFEY 7 ZrOMBEImO T %L, MiH
K F L7973 F BN ol 72
ZL, PELEFLBEBEHLLKRESIODIYI LA TS
C.nozakii R EHEICHIH L TBY, = F L7 5
7 OYA & FRRIC Fig. 43 GO X HIZEBHI AT T
WAL EETH o 720 2007 4E, 2008 4E DA L b,
L RKef 20 cm D= T Y Trachurus japonicus 72 & DR
HRGEBEIASTHEINLZ 3D 0D, B
BECEHLLIC 7 STV HERLZ DR TH - 272
B, KB TRETH o720 T2, Mo —Lills
LIOKFETAARATOBE LT 7T FE T
2w LA 2 ST ERESEDORRBIORE S04
I HERR S N2 D2 o 720 2007 4R ICHIE S 7z F
¥ 7 5 OWRE DR DL 546 % Fig. 44 125
T ZFEDOFWMEIZ 513 cm (N=957, SD.=149 cm)
Thotzo FEIBETHE LB, [ CRIFEIC
I S NAR DR FERE LI 51.7 cm (V=3
SD.=224 cm), TULCam I X 2B CTHE I 74
BIZFH 502 cm (N=62, SD.=149 cm) B XU FEH
533 cm (N=56, SD.=130 cm) T (Fig.19), Z
NS DMEORICHEAITED SN h o7z (ttest, P
> 0.1)o Fig. 4512, 2007 4F\CREE Mg, WRE AT 212K

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

DL F X7 T 7 OMEEEREZ R T, Bl5% FE
L7-EZORBHERICBWTZF ¥y 7 I 7 3Rk
45 m RO REAKPIZL G4 LTwize 72,
REOFHMIE, Tl L D FROFHIVNE L 7 560
DHER S N7z,

6.4 £ =
6.4.1 BEFEOFMMN
AWFFETIE, HEBEHRXSPIF Y 7 575 OBIER

B, REFHNICERITH A Z L BMRR L7, 24D
TSR IR EFR s TE L, = F 82547

Nemopilema aamng

1E-31 July 2007
150 - Acowstic camera

Fui
o =
o =

Numbers of lelbyfish

0 I
0 10 20 3 40 50 &) YO BD S0 100 110
Bell diameter [cm)

Fig. 44. Bell size composition of N. nomurai observed
by acoustic camera (Mean; 51.3 cm, 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.
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Fig. 45. Diel pattern of vertical distribution of V.
nomurai observed by acoustic camera.
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OWRIEZ Pibik 3 % 1 B oo HEE E R H & R oM
(LB, 2003 ; X F 5, 2005 ; AT - A%, 2006) 12
BT, DI F Xy 7 A EREIETIC
REL M ETAREZEHIT2HEES LK% &,
KHNZ BT 58 2 52X BREFHINERERS %
HETHDHEEZ D, 72, #Y OO EENT
SORUKINCBIT 27 7 rHEREEE LRy, X
ZFEIC L 2BEPWEETD - 7ok 4 BB~
B AT OIHIFEEIN S,

6.4.2 SDWAEFEOERM

FMIIZ BT HHFEICL Y, FEI AT EH28
BPFERIZF XY 757527 LA 7 55 D54
BIOEZCENTH S 2R LT, FHIg,
BEHFEAE S XA 7 2 512 & % B D5 7
RETCHEEN A7 OBINIHD TERTH - 72,

HAEFCHHT 2EHO ZF X ¥ 7 57 3B KR
PRI E L T b 720, Mk 1.1 MHz, B
20 m OFEETD T IMEBEOHBBLORESD
FHUAH R CTHoTee TFX YT FHFRIYLA T
O LA RIR B E T LT\ b il
AT AT, ATED X ) ITHERICREH 2
NI EBETFEIHEL TS, TAHD 7 I /N E
DITERBE SO LT AEEICIE, L) EmlcEE
HRATREHT ST L THERREEKE T 2HERN
HF L, 7L, FORAICIEITEERE LEE
ERBTHUMT DLENDHLHDOT, RAMHEICE SR
DLENVLBEILDEZEZ LN,

TEHXAFIZE L7 TV HEOT A ZFHIFHEICE L
TIE, FEUHEREFR A A F I HBIETE L KT
HTLIZL D ZORUBUEDIER SNz TEI AT %
v, Bhedw) 2 lililsxs a5 %2 778
WCETFCTHEMNL 2L GHIITE2MELH LS
EN D, TERIICEIRICB T AR % E&ROFHITF
B LTERTZREEDH 5.

T/, RBFETIEZ 77 HUSMCD L L 0L
BHAASIZEI VMR TE . USRIl E 2 57
HARETAHETYH, 3L ALDOEEIIRDEN
THEHICME Z BRI TE 5, F72, B2
FrEE)BERO K BENE D, TEHN AT
A5 TSNS WSS R SN DR O MRS
Lo THXBDEETDH B0 /M THIL SN 5 aEED
BARICL KM 27 57 E R UIRB L VK & STl
BECHENSGAEDH 7205, B THREIhTw5
72 OB & J R R IRDZEAL T2 5 7 & X BT
&2 Lo TRFHEIINSOWERICB T Y I 7

DA B RO AR S ISHTHETDH %o

6.4.3 DHABFENUERBLVHRE

TEEHAFIZEY 7 T rHOGARE T ET 5 9
AT, GHBIFICEETRE[ELTE, BEIATD
WAL O KEE DB H T SN L, SO T
FHEEEAOMEE 2 MW CREZFHI L7228, X5
WCREN 22 i A2 SR T & 5 ADCP 0882 v C,
B LTV LHKOKREZ FFEICILRTE 5 2 LAY
F L,

F 72, ARWZETIEBLAE SR LTS & iR L 7%
DO BRI FE) TR Z T 722 &2, i
WHEEICEZ AV OFMEE L7z FFeofiffics v it
HEA AT EAVIEEE L OERERHIE O B 8%
M7ar7 s AR EINTNE I NS (Han et dl,
2009), 577 DOHIIR I X OHE R BAE O 72D 18R 12
7 I S HOAERN 70 77 AOMBELLEEN
5o

6.4.4 IFELII57OMEDMEE

RIFFECIE, TEA AT EZHOBNZT) 2 LT,
BRIZHIZY)ZFEY 7 I 7O5ARRKESICET S
BELTFT— &85 ENTE L JRIC, BlgEshz
IFE Y7 T OEGA D HEHEZ, 5 5 CTHF
il L 72 BT 2 A 72 R O T E) BB A T S 2
W L7z HESRER2E) (Honda et al, 2009a) & [FHEIZ,
A X D OFDSERNCERL 20, AHIXFRTC
® <, EEIEFNCEL R A2 DR S Lz, L7
BoT, TF¥ s o7 13RO ERITEI & LTo
Al b3, £HELTOGMITBNTHIREICHEZE
s b Lz b, Tz, RFERICBOWTERICEE
H AT THELIRERL, KEDRLAFIIHITTET
kA T L 72 RS OEm THh - 722 &
o, TFEY 7 IXIEHARBICHELTVwSIZE A
EOWH 8 L CHMo HESmEREH T2 A3 5 &
EZbNb,

F 72, REIGEOIRA T, $hiE S A & RN A T,
WekEE B L O AN O W T H RIS T — 7 935S
NTwb, SHRLMELMGET LI ETHLT—¥
FEMTENE, WR KPR, FEICBRIN:
R EAAY O 53 & O BRSSO W TR IET
THLIEDPUEEERY, TFEY 7 I OGMRARE
BT A RO S,
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BTE IFELIZT7ORNEBIFEERES TS
LU BHIRREOBEF

7.1 #&

il

7.1.1 IFECII5OREDN R EBEFNEES

HAFTHEILIZKPETF T A AT 2HHE L 2FK D
& =V X BEESAIRAICE Y, 7T HOME
WL B0 2 B CIIRE 0 ~ 30 m 12, 10 H g%
PEBMIT BT BB TIZIRE 0 ~ 40 m ISR O T
FEX LIRS LT W, ZOROKES L O
SOSEAEEL, KRB X O ORE? 7 HOXE
MR L2 35 0T B SRAT U CURIEFE R 10 ~ 20 m 12, 10
H ORE R BB 5 TR TILERER 40 ~ 50
mICEREINTEY, TF B 7S 73R LY EE
DK DEIE T DUEKIZE 34 LT W22 &8
bholze TOLHIE, AREBICHETLIZFEY 2
Z 00, EIREE E 72 3R BN R O o G i &
FECTHA LRI ARADEEAKIZE {, FHiosEARIL
3212 0oNTHEKROSREIRAANHER,  §iiE 555 HiPH
DR A NIR DS DARINH D - 726

F70, LEBETHHLLEBT Y 72 H 8 RATE
FATIZ X D, 2005 4E 10 HICHEE I TR L 2284k X
D b 2005 4F 11 B AR E M THIN S Wz fEk o 5 73,
2006 4F 9 H BRI pfCRI S -k X D B 2006 4E
12 BiEPE TR L 22 B Ao 25, XDEEET
BITL T INHOHRNL, ZF L7708
A ST T ET BI2OoNT, $iEHAm O
DAEA IR BHAATREINT WS, TUHIZH LT
b, BAMICZFE Y 7 T 5 OEE AT DY HETEDSRE
REEIIRAF L TB Y, KA HLIIHITTHA
WAL L L h s, MWHEEENC X 2RE & FHEIC X
BB L D IR A ITERE AN —BRIZIA A% DITHE
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Fig. 46. Image of the seasonal change of vertical
profile of temperature of the Sea of Japan.
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Nico 2O EH L, FEPRGEEEHPILIEARN T
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Fig. 46 12, HAEDKiDFFHIZAL O WA 5] o
W% %d. HARWETIZEDP SR, ANEFHiPH#EDIC
o, REBOIEIZID, KILHEEOEREDL R4 12
L o TWl o TF XTI 7 DEES DAL
X, SO X) REFEOSEREDOEILIC X L EESK
EVWEEZIONDL, ThiE, TFEY 2S5O EE
K B DR 72 BAFR F 72134 RISl L 72 KR O 52
ERELENEEZ NS, 213 Fig. 47 1% 2009 4F
OREMBIREIC HARBNE TRESNE Y 255D
MBS A & il AK DR A HAQZ M TH Y, Fig. 48
R ARBECTHRON 2 FE 7 T 750K
WOREEL X O KRFELREOMFREERL TV
(Honda et al, 2009b), = =T, Fig. 47 Tld=FE >~
D5 R EERIIBE L T A BRI AR S R
720 Fig. 48 TIZZF ¥ ¥ 7 5 7 DIk KERS % Bk
5 % AEERASH IR D) R RO TREEAH 20 ~ 30 m & 7
B 0%, IR ATIE 3 2 ARG R il =55 O 3% BEAS TR
BRKEVWOT, fEeke LThREh 2 HomE R
ETNINETRSLAHAIENREZOND ZNW 21T,
Fig. 47 TZF XY 7 70 LT AEEIX, &K
T DKL & K EEARITE L R AIEETH- 12
EHEZONAb, MIETEBPNIL L Vs, 2ok
T, ERWICHKDEE L T XY 7 575 OKERE
MELL RBEEICZ T Y 7 771304 LR T Wi
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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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DHPHBIEDD L35 &, FHIMZRBERIIHE ) WEkEE
HOWRIZE Y, HEERGREHPA S 72 b B SRE 5 A O
WRELZBEDRHDITOHND, T2, HES5ET
WARZEINIC, TFEY 7 S HESEBREZ1T)
ZEbbholld, BESMERET 52D
M I X 2L ZET 5 LEDND 5,
BIETHH LI, ZFEY 7 I7IL 50
¥ ERZFERT L1000 KEVTSHIZLT, ¥YIa
L—3a v il&bFEr 7 I OMEREOFHNIE
EETH D, WRIIKEICL > TRELELTH L
Mo, WRICEBZFX Y7 57 DMk &SR
CFMT 2 7-0020%, RFEOWEKIEEDELE TV
IELTYIab—2a VERMRICHD AN LERD
5o 2016 AEHIAE, HARMBIZBVCTIEMMEY I 2L —
Ya YETNTH D HARMEIL T > A7 A JADE2
(H A X K PEWEFEHT web site: http://jade2.dc.affrc.
go.jp/ jade2/, accessed 2016-6-1) A HEIEIZ X % T F
Y7 I XOMETFINGER SN TS (Abe ef al,
2015)c COFUI AT A EHVT, X DFMICTT
Y7 7ok A IEMEICT 50121, =578
YOI OMERREE T ETMELTY I 2L —
Ta VI AN BN D 5

INFTIZ, HEHETHRRAZPATHAEICLDEHS
7z 1tk (PAT3) OEEBET— & 2512, ek
FM Y AT DHARGT2ODTF X Y 7 57 DIRIE
BEE T IV Okuno et al. (2011) 12X D EMES 7z
Blixd o720 72721, TORMEEFTIVTIEZ, HEEE
BEWL2ZFEY 7S r0EELLE Db KB O
ZNZFNOFERETHIZ ML L2720 TH Y,
R E) O M 1 2 R FIZAL 20 O I HBL L Tw e

Motze Fiz, BMEET VIR AR 15 "CULF T
FX 7 5 OMBREEEN 2L 7 5 & oHs
%412 (Kitajima et al, 2011), K15 °C &% 5%
EUR~NDOLF B 7 55 OBBZHIRL72EF VT
Hot, Kils CUToKRPTHZFEY 7 T
FANERIATEN T A %6 bR S 7z72% (Honda et
al, 2009a), SHESAOEALEZIEL S BB TE T/
LIXVZ o T2,

ZITARETIE, H2EILEEETTICHONL
MAZIKIZ, =F€ Y7 I X ONERBIIFES X U
B50AG & BRSO BRICOWTHE Lz, E512%
DFERZ IR, WRTNCEDbLZFE Y 7 7 D5%
ERBEEEEZEFVLL T, EFWVIC X BEESA0D
FBUHE DA RE % BT L7z,

7.2 MEEIVHE
7210 REMMOFHHZL L BFRRORBR

5, TFE Y7 I TOFHMRENES M OELE
WEREOMRE MG Lz, WKEER, KB Lo
WL KEOBBRTHIRESNG, 72721, HA#HDHE
RO SRR T TITRIRE REICEAFE LTS
¥, Fig. 49 IZHI/R L7z & 9 IR SR E 1 oK
TS & R I KRB b, Z T TARET
X, TFE YT T OBEKGEEER R E A O AT —
7L, RAEREOKIROSES AT — 5 2T, =F
YU T8 OB &R O BIAR & AT L 72,
IR Lo TF By 72 SEDEBICMD S 7 —
73, #4F T 2004 ~ 2007 407~ 10 HiZKHPE
TANAT HLHKF LR E o — Lz Tl
RIZERESAI T — 5 L, 85T T 2004 ~ 2006 4D 7
~ 12 FICEFE#EZ W TR EREE T — 7 &,

et

TE-2TN. 13835 5T}

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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6B T207HE 7 HICHEEY 27 2 VTR
BT —5 ThHb. CNODREIZEbLLTF—5 &,
ZNZENOFAERB X ORISR OKIROSHIE T — ¥
D RR % FFHT L 720

Fig. 46 ICFE L 72X 912, E» Sk, ANEFHin
Lo, WHHEHIEIBEBORZEICID, K
TR IS ORBEDIE A IR o T, ERITHEW
IFEY T rOREDBERLS BB, INFET
DOREHR I VR ENT WS, ik L7z Okuno et
al. (2011) DEFVD X HIZ, FEEOKIRMEE 7 51
EERRMEIITF Y 7 T ORENIEIND ERE
L7288121%, 3XTOREIZB T E KT AE A
ERBEMIIET T Y Y 7 57 HAAE L 2 WIEE RS H
ERODAHRTH B 720, HMkZ K% Sk & 5
DT R, WHOHEF IR I N5 HEEOG
Vi & S\ IRE AR SR S N D L E X T2 WHEDOT:
EOREHBENIIIEE S N2 KIBHEEOREX, 20
REEHIPH OF KR E % 5 REB X O ORI
B KERMEHOIE S D ERE, T4bbEERFED
KERICIVET LN TED, 22T, WBHEEL
IFY YT T OEBEICHE S B E LT, LToX
Ve L 720

o = Bo + BiD, + B0, 8)

ZI7T, [ TFEY s I OREONIME, D; R
B0 ~ 100m #EPHNCPHIRIEL & % BIREE, o HE
0~ 100 m #EHNIZ3B 0 2 PERIROBEERE, £,
B, B;#NTAY, g,

7.2.2 BFEEREORGE

AT, E5EBIVE6ETHIALIZLIIC, T
FX U7 5 OREGAGEIFEHAICELT 52 &
2T, HEMEREZIT) S EPMHRINTVS, 8
BB EE T VLT BICH20, TFX Y55
DSRE T OBERER % 55 7% LT OHEMEES TH
5 HIRE) & A, WHEERE L =MmBKTHRE
EELEEDT LN TE S, 22T, UToick
DIFEY 7 FHOMBKEEL R LT,

J,=J, (I+c* sin {2 (H+a) w/p}) (9)
22T, J EROBAICBI LI FEY IO

WREE, J o1 H (24 R OPIBREE, H: W, ¢ a,
pEINT A Y R,

7.2.3 WXRELHHEERESLCEFEOKXE SORF

E2BIIBWCTIF XY 7 7 OlEikEE &2 W~
WRT, TFX Y757 Okl E L IEO M
DVHERR I Nz (K% - AT, 2009, =F€¥r 2777
RIS REIZ MV KL TV D720, EikEEE A
I AU HEATRE R kT & B BEEEATRIN L, ik
REOIRLKEL ZbE2z0N5, LIz T, F
MDA SN TF XY 7 ST DOEENKREL 5 H
& LCid, EoMEMEOZIImzTzF ¥y
7 I DRREDOREL BT 5LEND D, 2004 ~
2009 4EWCER L7, KHEFAHI AT REHFLE
Hig b — )L, TULCam B X O HFEA X F12% 5
MECTLFE Y7 T FOEREREGA BB TE 7
EREIZOWT, BEICREICHT 220K E S
RIRHT L7z ZORSE, FEOTHHE L BIEOGRE
DORFHER A IEDO MBS HERE S 7z (Fig. 50) . F 72,
E2EBIUES EICBITAITHHFHATHL2IC L
X9, TFE Y7 IFIIHEICHETNSHEE TO
SREBEEHREYELTBY, ZOMWENIKEL L LEF
WRELEL Do TNW T, WEIKIEEOHPE, 3
b B RO K3 B FEHEAR 2 L IR O
WCBDIEDOHELHH L EZHNLDOT, LTORITX
DITF X7 7 OREDOEERELZRL .

04=0y+ a,B+a,J, (10)
22T, 0, TFEY T I DREDORERE, B

TFEL Y IIORE, J: TFEY ST EOEED
VE, a, a,a, KT AT, BEKT,
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Fig. 50. Correlation between mean bell diameter

and S.D. of the depth of N. nomurai with each
observation.
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7.2.4 MESHETIV

kL7 8) X2b (10) RFETEMAETLHIL
T, WEEOSEAKIRIZE D 2 3FE (D, o), BH (H)
BLUOERE (B) oL F X7 T 7 DR i % i
CUTOETFNVAZIERL 720

J,=J,+0,|N(0,1) | (11)
ZIT, I IFE Y7 T ORE,

J, = B+piDAp.0) (I+c « sin{2 (H+a) w/p}) (12)
4= a,+a,B+a,], (13)

THY, ZEOEERFZACERLEN 01) Z2FET
HIEWZEDVRESMDIILDEEEKT,

FRLESFETVOEZENT AT E2HET S
oI, H4EE, 5, FOMTHMHLAMWAEN
R HWTR LN IS X OFHH O F € >~
7 T DU L KIROBIRE AT L 720 RATICREH L
72T = 7 RS N BIll OEH % Table 10 12779
INT R Y DR HAE LT HIFATIZIE, MS-Excel ®
Add-in 71 75 4 T& % Solver (www.solver.com)
R L7z, RD728F X & % Table 11 (2R L 72,
B, LXICchoso s 250z AT H L, =
FX U7 T OB 14:30 BT H/, 2:30 EHIZHR K
Loz,

7.3 IFECYSHFOREDTETIVOWKEE

7.3.1 BFRBEOFHKERICH T IMEFRHTE

Table 11 (IR L7278 7 X & & ALA L 7 $E 554 €
TNV EHWT, HAREEO KRG BI 5178~
7 T 7 OZEHN % B0 OZALO TR 2 A7z, H
RS OKIREIZ, BRBET -5 —DF—
& ~X—2Z J-DOSS (JODC web site, http://www.jodc.
go.jp/jodeweb/JDOSS/index_j.html, accessed 2016-6-
1) @ 1906-2002 4 O BLHME 7 & & M0 2 P34l 2 5
L7 A2AERMEE LT,

IFEY T FTDOEFIIONTIE, HAMEIZBITS
INFE CTORERAIC L) EFR S NALEOFHIE X
D, BELFEHYZEAREHOBRBIEZRDL L
THesE L7z (Fig. 51)0 MBI T Y — X VI
FEX 7 TN RINLEEE, 7 AR PETH S
728 (HAHEXKENIZERT web site: http://jsnfrifra.
affrc.go.jp/Kurage/kurage_top.html, accessed 2016-6-
1), TZTIR6H1IHZEFEHICREL T, FHHEK
EEBETHHBE LTEAEB L OZOMEBE LTI
£L72

B. = (ot 7, T) (1+f N (0,D))) (14)

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

) o o5 Lo b B> c 4 P
3.7 4.2 0.26 1.6 0.79 =22 0.42 35 24

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

Obsevation . Period Number of ~ Number of
Research methods Time . o
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
10 Pop-up archival tag
11 Pop-up archival tag
12 Pop-up archival tag
13 Pop-up archival tag
14 Pop-up archival tag
15 Pop-up archival tag
16 Pop-up archival tag
17 Pop-up archival tag
18 Pop-up archival tag
19 Ultrasonic pinger

20 Ultrasonic pinger

October 2004 3
October 2004 2
October 2005 21
October 2005 5
October 2005 15
October 2005 5
September 2006 6
September 2006 10
September 2006 15
December 2006 8
November 2005 1
September 2006 1

— = e e e e e e e e

= s s e e e e
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Fig. 51. Correlation between observed bell size of V.
nomural 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).

CIT, B wENIZFE Y s T X R, T
6 H1H»SORBHE, v, v KXY, f &
BROBEREREIC/RZ25E, THY, EHEEN 01
PRTHIEICEY, BEOXSDOEEE L,
WX BAEFEOFHIMEZ 4 TIXDTHK/ST A ¥ O EfE
FHEE T B 2O DMFENTIZIZ, MS-Excel ® Add-in 71
75 LT 5 Solver # i 72, ENTOFER, /X5 R
5 O, y,=034, y,= 00040, /= 023 £ %o
7o Ihoofliz (14) UTACA L THEE L 7242 %
HIZ, HRBIZBII AL F XY 7 SXDOEERHEEL
T, HARMWICBIF 2% 2 o0 MBIy — 128
WCERIE A OFEHIY e BAL O & KA Tz,

{9,) ey

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).

9, TA»S 2 AT TCZFEY 2 557 0H
AR % ALHNC S 2RI % B8 L 2B, 2heh
OB X OMERICB T 5 7 ¥ Y 7 575 OREEAL
ZEESAMETVICE D HEE L 72 (Fig. 52)o 22T
W&, SR ATHLK & LY 5 22 o IS B e AR R
&L CTH&MIRIZD & 24,000 EARORE 2 R LT, 3%
£ 10 m FERIEOBBEESAIRIC T & D720 B HFKIZ
P TIRAWCZF XY 7 7 7 OBREOFHMEAITKE <
BV, REFHOWED KEIILA 2T 2 HBE Iz,

RIZ, TFEY 7 I5BTHPS 2 T TIEIF
LB A THEE T AR A HEL T, ZNLENOR
BoxrF¥r s 775 OREZLE HESMAET VI X
DHEE L7z (Fig. 53)o 2 2T &I & 24,000
TEAR DA & 452 L72o Wik U7z HAHE 2 JL 5
BEIT 200 L MRS, B4 ICREOTFHEIREL %
0, RESA O DL BT SHH SN,

7.3.2 IFECIITFDOKFEDTHSMESRHET

JREERTSE - FOEFERE B AR XOK ERTZERT T, 2006
D SRR H ARG ORI B VW T F £ Y
7S5OSR BRT A2 0DTE= Y ) VTR
ML TwWb, AT, FICH ORI ETE -
T — )L (LC-10net, #1110 m X 10 m) OEFIE
12X D) BRAHEE 60 m (2008 ELLATIZIRE 50 m) A5
WHETERWTLET, TF XV ST 2HEL
TWb, 2009 SELIBEDOFATIE, EAFETHBPL 2
KPEFTAHXFTITE)ENEBIETLHEICL)
FEY 7 TFOANRE IR L TW 55, 2008 4
VT ORAETIIARPE T A 2 72TV Rpo 7z

frg

Ty g

G e Wk By 1

Fig. 53. Estimated vertical distributions of N.
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).
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720, HBHICBT I FE Y 7 S O SM &
PR TE TR o572, Fig. 5412, TF¥ Y2 5%
AR AL L 72 2006 4 9 H O 53 il A8 e 5 3K
DIZHRMECBT D TF XY 7 575 DK% FE
To SEDAMMET IV EZ VL Z LT, Z OO
HOKIBIEM S TF ¥ ¥ 7 57 DRI OHEE %
KA Te KA A BN B W T CTD IC X 280
BTHONfEEZ YV, &7 — 7 ZEBINICE
WCHREE L AR 0 AR O FEME % 7z

SEAE T ML Y, FFER OB IS
24,000 AR DZEEE 0 ~ 100 m (2 3B1F 5 St oA & 3
L7zo €512, T o KB THEE L2 80E 554 &
FTRCEY L2l % % 10 m B0 B E S i Ix &
L T Fig. 55 2% L7, AP HAL I L7-HP D
e CHEE SN2 R L, AR HALE
Wi L7 h o 728 b & AP T ORI CitE Shz
RO AiEE T ISR RELY, FAERIIR
T — VR ORKEMIRE L ) IRVIREE T
FEL T GHERRAE LTS5, 72771,
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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 N.
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 N.

nomurai in the Sea of Japan (2005 ~ 2007, 2009).
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Population density of Nermapiema nomrar (Inds, 7 10° m®)
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Fig. 57. Relationships between vertical distributions

of N. nomurai (blue bars) and vertical profiles

of chlorophyll-a concentrations (brown lines) in the research areas. Volume of each chlorophyll-a is

relative value. Vertical distributions of N. nomurai w

ere 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 V.
nomurai was investigated by ultrasonic pinger
on 23th September 2006. Overlapped 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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