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s TwEd (WH, 20190 SNHOWMIIA—T VT 7 A HRDT, £%7T
b TEWETE T,

Introduction

Since 2015, we have conducted various biological researches utilizing DNA sequencing
technologies in cooperation with Laboratory for Phyloinformatics, RIKEN Center for



Biosystems Dynamics Research (BDR) (Fig.1). As a part of our collaboration with
RIKEN, the present report highlights our recent study on the embryonic development
of the brown-banded bamboo shark (Chiloscyllium punctatum). We will summarize our
de novo staging table for developing bamboo shark embryos which were obtained from
Kaiyukan’s largest tank, Pacific Ocean. (maximum length 34m, depth 9m, quantity of
water 5400t). The main result of this study was published in an international journal,
Developmental Dynamics in April 2018 (Onimaru et al., 2018). In addition, another
subsequent study published in Nature Ecology & Evolution (Hara et al., 2018), also
provided the genome sequence of this species and additional two shark species—the
whale shark and the cloudy catshark. In this volume of Kaiyu, Nishida reviews these
genome sequence analyses (Nishida 2019). These works are fully open access. In this
article, we introduce the background and results of this study.
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Osaka Aquarium Kaiyukan
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Summary

“Kurage-ginga”, a new jellyfish exhibition in Osaka Aquarium Kaiyukan started in
March 2018 as a renovation, and tanks for jellyfish used in the exhibition are described
and discussed.
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[ A GG | THIEL 724 £ TOREZOWT, ZORIRIZOVWTREKT 5.
1. P (1X12-a)

HRAEARRIT I Z MEICE WK E Lize KBRS —N=T70—-D720D R
NR—=2 %P8 L. KA & KA IR S DTl 727 7 ) VUK T - 72,
PEEAKIE Z DL IO EFICE L7254 TH S BUSOWRE B LI, 4 e i
TN ARREPNIEA L e KA EEICIZ. AV TF Y AD700R O %% T, K
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B ¥ 73 REREM IZERE L 72
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ARIEARMBIE, FICROWEHEOMRIKE L, KW AICETOMLAE b 728720 KAE
FHNZA = N—=T7 8 —=D72dDAR—=Z % g L. AN & I3 FE-wiifbe = v 8
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3. Mm#A (2-c)
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Wzo HIERUF1IZET, BRSO UCRkE L. B HE EISKIT D S KM NER O
BoRAEM R AIRE Lz

MEIEKRE 2 ZRE L. IR T2 O AR TEICHE L7z IR & %S % i
23N BT THEKMED S KRR LIKT 2 DADIE Uize EREIH K%
VEFATELREZREL, TOROHANPTEEZF—N—Tu—E%2RE L7,

4. 3% (X2-d)

IKAEARIIBEARIRIE T, Kl T L —Y g VHOEREZHE L2, EEBlidx v
T%/x%®%mﬁ%uw\mﬁiﬁmﬁw%%Tﬁkaéiomi%ﬁ%L\mﬁ
WECTEE )L CTHIETAMINCZE 2% E L7z AFEARKITEH 7 72 ) VBT, K
360mm & 260mmD2FEF DK EX S & L7z BERIISIE T, B/RENICMI L THE L7z,

WA, Ry T, WHEESIMAT. KEAKICZ T L—Y a3 Y ETOADORE
wEE L7,

X2.#5 B IRAD Y 5 rEAEKAESEE © a-FEE, b-RAME. cME., d-BHFE (VLI hbHEmE)
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JETR % BaG L 72201843 H 2» 5 20184F12H £ T, FINaEi M B X OE g M o -
FTrEBLTEORY FEH2BMICOWTHEBERR T o720 KfY A4 7 Z L IZHFHH
ReERT L,
1. PR

JERFEX, & N ¥~ 2 5% Cyanea lamarckii, 17 VA 27 5% C nozakii, 272
Z /1" Phacellophora camtschatica. 7 71 7 7% Chrysaora pacificax 7 N7 T4 v 7
v —4% v MV C quinquecirrha. X7 4 v 27 ¥ —% v bV C fuscescens. f ¥ K%
V7 v—4% v MV C chinensis. 7% 7Y V) — C plocamia, 77773 x")—
C. lactea. 7~ 7% 7 5% Sanderia malayensis. X X2 7% Aurelia coerulea. 7%
R X7 9% A limbata. ¥©¥ ¥ 7 J 7 Rhopilema sp.. ¥ 71% 7 57 Cassiopea sp..
FF 274 A K27 F 7 Cotylorhiza tuberculata. 71 X 7 7 /7 Spirocodon saltator.
W27 Z/r Eutonina indicans. #* 7 ¥ 7 77 Aequorea coerulescens. NF %7 5
4 Olindias formosa. 717 b2 57 Bolinopsis mikadoT& > 7. K&E7% b O TIIER
¥s0mDEXr 754755, NEhOTREFENImDO T 7% 7 777
THolzo TDOKMEIX, Raskoff et al. (2003) ®pseudokreisel design & FEAN 7 1% 1 X
Fl—THAHM, HEZHWTHEANRN—ZAZ2EBMNOMBMNE L2 252080 E W
Zho BIMTHL I LML, KEANTHEKREZIEZ ) T R BEZEL I LS
T&, fFHEAEZPEMEICE EOLRMOEGR RN o7z, TO720, Mtk & KA
BE Ol A A7 0 RO E WM T, fEREITIRETH 720 —H. fHE
HCHELZRETLILERD ), HEMICHBEGVEENRNTXLWRELRD b BRE
PIZHRSE L CHREHE L 72 KA Cld, BRI I3 B E IMEENTE L2 Y, fEE
ENREL MO TRESINDS Z &1l b, BB L SHVEED W 2 Fll3 6 H K
WThHAHHo T/ MRS PIRITEIE L 72K TIE, I8 E KKz o4 CRLE
BELLRD, HEF VLR ED) A2 EVWEBREINLD, TNIZLA2ABEIIBIE
DL IZAHRZFHNZR WV,

2. R

JERAE X AES ~ 20emD X X7 54 CTdh - 72, Raskoff et al. (2003) ®pseudokreisel
designiZP TV 2 %%, KIERKDVHEORA L TH S Z L3RR 5, 2EFTOFKIIIC
X0, BHELRESD&RE N L KEENES Z LD TE 2 FEBEIIMEAR B2
AL LV OFEGMAEL, FAHEREEIEEATINTHE LD, A —1nN—T7u—{
DL IAEND I EORBEDHA S N7z,

3. LAY

JERFIZARRL ~ TemD TNV —3 =) — 7 4 v ¥ 2 Catostylus sp. Tdh o 720 KK
NHDOEKEEL T 5HEZTOHOPKIZEFAEBESR A ATNEENDEH ), Ktk
WMEGICBERZDVENH DL, ZD2D, KENICER KK ZREEELZENTE
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I OKIRHAE D TE RV, FEURAEEIIZDOTRESING, HREMD TE L
WZEDL, BRAKETIHRE A TOT, HHERRIR AT KA T ORI
£ 0 AR % HERF L 720

COKMEZ T OMBEEREL ) DERIREZELLZDDOT, 7 75 OFHEICH
TAHARBIED O LOMESINID, #HRHErSETENE ks 7 7 EROH
OB D50 s Lk,

4. B0

BRI, TH2 7, T2V I2I5DLT 45, IXA7I7, Th—=Yx)—
T4 v va, YA¥ 773 5BIXNZEDOKRY) S K7 F 7 Leuckartiara octona.
~ I A2 9% Craspedacusta sowerbiC. RELZDDTTIN =Tz —=T4 v 2D
R Tem, /NS D O TIREREN3MD 7T 7 %27 5 Th o7z, TEERIEBZBH % K
& LT L—Ya YTKREFRESELHET, Pk LTy 7Y — FT/hHR
BEROFFIHEHEINLZEPLZVRIRTH L, CNT/IEID T I TrPHAETE L2
EATREERIC L CHBENT W AD, T4+ —FNZX R EOFIHIC L A KR & 2 7%
BAKVEEDPANRTH Do THITH L, GO K ) ITERANR—ATHIL THRIET
Bl KIEFAE & HARIEENRE CHIBBS N, FETRZMEIIEENICEL D% 2
Lrotze TOXDBNKZL L7 77 ORERRE, SHOUZEORBLS <
FINTwa LHicilibhs,

S =2 =TV TlE. BN L 7 5 MRA L BB CR AT RIEIMAR
T, 797 %2EBTAEBEL LTI, DEFTHIIEVZETHA ) WLDONPYL
HBIREHEDHDLDDD, TNOHPEHROFERIIOLRIITFENTDH S,

B
[ A ST | o 4wl BeEt, HEL, MEREHIZIEZCORY vy 7HEb oz, BRE
DERRIZIFERE CBIFLH L BT %,

51 A3k

Raskoff, K. A., F. A. Sommer, W. M. Hammer and K. M. Cross. 2003.
Collection and culture techniques for gelatinous zooplankton. Biol. Bull. 204: 68-80.
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Natural history of Chondrichthyes [10]

Kiyonori Nishida

Osaka Aquarium Kaiyukan

iFLoIc

MEAE10H ., A2 bilESE L ST AMEF — 23V v RIF A2 BD LT 54 W
A, NI RZFEOET ) MREITIIE L L7z (Hara et, al.. 2018) . 4 lHl1ZZ DA
LI, —FREL, RDOOLPVEEROMA[Y v RIF X & [l OB XX
RS 2 RWREE SHIALE 5,

AR, dEEsE. FEIRE. REEE. ARBEZ EENSEIT. #EA T b BT oK
WREECTY Y RIP AITEZ T30 (2018411 H 14 H HIAE) . 304EFT X SR T 3 M —,
MR S AR AR EE GHAEOMHEZE SRR 208 Y VR FAEZHEL T L
720 TOWH, WK FEOERBERE HIE L CHEEMPTLAD, Zodi
& 72 BIKESA00tD K EVEKFE T Y v RIYPF R kA2 2, A AR A
WO % 14T BASHIE RN IIAE 2> 5 KBR F TR o K HEER % R, Z Ok
PO ZOWEEIGET Y T L

FNDO2EHNRE D AMASKFEREAEDOEIZIZED X 9 %255 (v b7/ A TE 22003
EIHBRBES EINZENY) oz 2047y ) AEH G0 i2& TN A5DNAD
FLH R 2 OB E T 5) 25w, HZRE L TEMSRMIEZ T2 & v ) KEEO
fEfO—D2IZbHETE F L7

Introduction

October 2018, the research team, where Kaiyukan participated in, succeeded in whole-
genome analysis of 3 kinds of sharks, Whale shark(Rhincodon typus), Brownbanded
bambooshark(Chiloscyllium punctatum) and Banded houndshark (Triakis scyllium)
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(Hara et, al., 2018). In this part of series articles, including this report, I introduce a long
story full of surprise and discovery on whale shark as the biggest Chondrichthyes and
Kaiyukan.

Now we can see whale sharks in 5 places in Japan, Okinawa, Kaiyukan, Kagoshima, Notojima
and Hakkeijima, and in several aquariums of foreign countries (as of November 14, 2018).
However, 30 years ago, only Okinawa Memorial Park Aquarium (Okinawa Churaumi Aquarium
at present) had bred a whale shark. At that time, Kaiyukan was under opening preparations
aiming at the ecological exhibit of Pacific Rim and we were eager to let a whale shark swim to
Pacific Ocean tank, which is our main water tank with water quantity of 5,400 tons. With the
cooperation of Okinawa Memorial Park Aquarium, we could succeed in the world’s first long-
distance transportation, from Okinawa to Osaka, just before the opening. This story right began
at time.

Then 28 years have passed, whole-shark *genome analysis was completed which was a
dreamlike story when I was graduate student (Even human genome was just declared decoding
in 2003) and we could contribute to conserve the species and protect the biological diversity as
one of aquarium’s missions.

*genome analysis: elucidate the DNA sequence and total amount included in the nucleus of cell

TIUNIFXEDOHSW

ﬂﬁ@bf//«:%x IR o 7-DRKITAER. R¥ERAEL LT/ HOBERE
505 72D MR S ARG Z N2 T 2R4AMZ B R 5 Y Y RNIH AP
VI AY AR AT U RAOMBE R EMMOKREY X - T FHEGEENS K
IIW oL ) LI SEIZESTHENRTEA

VUyRIFRIFEFIIKREL D720, RERCTHWHEICLEGOERITIELS,
AAERRATHMBICHEZZ 2 ATIED D THA. UKL 5L, KRR T
ME—, KMOH X2 A OAREL EHH, #FmIcmEcE 25 Thd )., A%
HOBERZED L7201, 72T Th { ZETKEHOBMEEICR ) F L,

DX ITHEA BRI Z N T 2B T BdF —7 Y OUESRD i) 5 ik
FEICHEIE T2 R0, RADOKMEFO—DD, 1990ETHICHF - 720+ — 7
YETIZY R X ZNUE, fik, fFE2HOLIETL, LliLzLH12, Zo
B v R R ZFEERL TWSOIINHRL SRR Z ¢ WHERE=MHE G
. EOWKEHEAZHERE) RAY v 7OBIARBZEL 2w F L,

RIEBEHIXDES

7 BEEIEDO A 7 v 7128 5Ty FIOTH Y Y RXIH X O IT A S KR F
T, L 430FHE & W 2 HRLERI 2 REBEEE T L7z, 35 A AFERBSEE &I
LARNEKBEHEOEIAZOH DI LTV & T LA A HBICH 3 BN
KIZHED MO T, BRI THo EVIMICBETCLEISHIDTDHY 3,
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M TEEMSADOKRELETEZMEY)TY VRIFX (XX R [ED <Al TYT)
ZIEE. AT R T (KD, EREIREZ R L CEH 2D F Lz, ETEPD
MEHEFETIE ML — T — ISR HHOEREE IR E ANT, o< D EED L
BHBENE T, ATV — AR AEHDRE [3] THORALAZLHICT, IR 2%
CHE A EPREETH B0, AP SH L TGEREHETHEZEDOTLE
DT, FWICHAKE I E L T3 (WH. 2011, B ED S KKEHEFE TIERBo
7)) =2 b L =T =T EEM BRIIMOWEKED SO KE R Y T TRAL
L B RHICIEE 9, 40WE ] DA FR I AE PN R & W 72 22 CHR AR D
RERDOY VRIFRADOKTF2F v 27 LET,

RN D BT, 300 T80T U RIFADIFEE (LOBTH®D) RROIEY H.
Rt e LS D A MERE L 9. IREIS A AL L CRURE I, RIS ZLIE D
DFERAD. ROLELGNOIRY /NS %D, Fiar, BEERO B GDE L L
EHHRTWRERHLAZL IRV IBEDLDOTTH, HadHE (RRH212L)
o TWhE) %o BEICHEDLEHNIIHENDTTA[L 72 S EIMARE TI3 v
M EHB LT, @EOPTIKVWTWARO LI ICBREALGICIRS TR I EIZLEL
720 WANIHREBRRRICA>TRETHZEY) L LE LD, ERZEBIIMHICEH X THA,
WIZIEY VR R E > TR TELGCENLE Lz, 758, wMNIIFAZH OHB
IZEDbETREZIRD ., Bk L HATHMIEAIRY GO, K A DAL EE
DIRFFENETH L F L7z (B, 2001),

FO®BIIKELR T TNHEEL, [HED w2 Al % HElERE O [ RN | 18R A
THIENHERT Lz ZOMHD S D40 2 B2 HHEIX. VY RIY X DI,
RoOPRY ., MEONEE. Koo Zfbi L, 2D xhzbil#Hz T NnFE L
Gy Belig e, MAAIS 20O TORRET, EHPBIEAL L L 4H D F L72DN
ZFOBRDIEARL LD [INEWVIITNEREE L S| THo2EELTVET,

R THESL AL IZZOL ) ITHHETIEL TRIRE Tk L E L7722 2okt
P KT O LA F % 4D &3 5 EAMEO K PFER RO EBEMICAMET 5 Y v R R
ZUOETERL DAY v ¥ — (KIR - s A Wi se i DA 2 > 7 —) T
fHiF, EF -y 7 Lz ECTRIROMEEEEF TEATHYE T, F /o, WO K
KETHBFRRLTRKEL LotV Y RIF X ZHY, BHOLAF L Y & —F THE
O, HROWICEHIZ L7 ECTHRIET 2D T, EamE KRB O (2T H 10KERH DL
E2A 0 F97) 133015E < ATV E Lze 19904E 0 51 ml ik Dk, #@k iz L4o
YESIN, BEHOERERDMHERY), 7o) —REMEZFAI L2 (KX2), B
a2 PL—F— (¥3) Tk, HEEZFREHELTY VRIFADAMEE
WHTZEIIHDODTEE L7

BUEOWER I, BITHOIEBNOY VNI FXDOREZERTEXLLHITH
AT RBWMMEDL Y. K EMHELZKED P —F—OBFEIOMRATESL L)1
oTWET (M), BEONEEDL VU RIY X O, MR RN 725720,
Nz LTI A=V WHEZRYE Lz, MCX 2K EmRREEIZELRD, 2
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S5V WOTH ENWRHEKZHATE HAEM R T 5. TN DR &R
RS CUEZERI LA, 4TH [ L) ekt 2 HiEykikidhvTund,

R1. 85 2 ADEEMIT (HETHRRES AICHEY 2£ETE) K2 55 - XKEREO7 2V —. EEFRICT

- :II - e . r
4. FL—F—DB)FHETHERBXERADY NI H X
DREEF VY

X3 BEE b L — T —(CHE Y NI X FHEXTER

TDUNRIYADEDICHER?

AIFEIC, MRS > Al OdH L Id, M S ADTE RO R E R I EE L 72 i
WCAHET Y v RIFRXZENIT L GEAREEEX T LD, A —T UV BEEFY—X
v GHER~IAR) T2 &AM AR HMEEKTOUARELORIEZ B LT
RHHEA L. 54 ~ SR LRI S ADHIIEETH S, ERHOMAEZEO TV
F L7 FICEEITINY URIFRAPALI LD D, FEITITERT ~8mbdH b K
BIOMEZ BT 72 S A TIES, VURIPASTEE, HoTRN | &y

ML HMIEY Y RIZFADPEZ T TR AL D LD T, KEDOMHEAETY
WEEZRR D, IS A TEREZM Y MR 2R L T, 20k, Ml S A & —HIcH»
S LTERBOWMIIKRLTRD 9, HE., I RxE%1T) £K4 ~ 5mBlFoff
REWRZ L, ZOL) HRRBOMEIEN DL, BHICRKE DT T L ki
EEINZEHIT% ) 5 (BB -

DX RIEBA — T Y UREUER VT W 2D TE A, MEMEEZITHIICD,
DOETHETHMNTEZITIICD, BRBERLKN R ERBEZLRLE 2 5O BEIK E

WETLIENDbPY) F Lz, 22T BRAMBEOISE, . KRIR~OHH,
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AKX EEM#ED DL L L L. FRFOLERFEESALEROA S v
7 CUAFE LSO MFARZRAE L CITUAR  BEEof] b, 2001) v
RIZFEDFEL (K6)o TORITOHIC [EHREMIBRE ] # Wi272& F L7z,

CORDHFINZS T U RIFRZ o728 HBH Y. BROFHAREZEDTWET,
Fix, RZICHBHZMHHTE TO R VO TT A B, iEE»O Y v Rz 2 %[
IR0 TEMN V22D ) T3, TIEY vy XY 2 OREE FIED
A (H7) ® LSBT 2H (o2 nTw5d) LTwaAZ & T3 (WH. 2001).
ZD2XDFR, FOBENPD LNFTHAD, FHEMETE KT A ik CRIZHAKRT)
FHINCRIRINZ 22 5 ? R EM DD 558572 L D) DT A
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Fig. 10 Hypesherical chadopram and symapamorphies
o whade sharks and rlsted tara
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WM TS = A DSk, Ml S ADZEEMICAME L2, A58 L TN
AR, KPR Tk L CHIERER LR, K& ko THOEMMOMHIC
Bk Lz lR 22 &y B2 b A& 572 Y v RV A ZI00EE VW E B nwEd, 2o
T, B A RARTY URIFRIIFTDIS HLWTL &I D FREEELRD LR E 1L
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TIAN NTILHZIT W, FULVGEES THAMHLZBRICY U RZFADRE )
MWED-720, O (B IO EBPHDLZ e -720TY, E512, 20114
DEAAKESSEFZFHT LTV Y Y NI R OFEEED S, MEEBZOTFIHZEL
T, ZORBRITHNTERELFBROBICHDITENSRENH T2 28D F L
Too VUYNRIHFRE V) KRELRMADIRD S ORIBUK T 5 0L, BB O&HT & #
BREHTTHD THIE SN0 TY,

KFEZ KLY VRIFRADEE R RITTVAE L, FOLLVDAY — RTHRWTWS
DHPHBRNZ%Y . KENDOE LD > TV B2EM 2k OIS AR 2 ED Y,
WH Y YRIFAPELE TV LA IIRE2kn £ THKWTWD Z L2 ) £ L7z,
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The mini-special exhibit with theme of 4 different exhibiting species.
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Introduction

From April 2017 to April 2018, a mini-special exhibit had been held, as the theme of Southern
Rockhopper penguin, Sea otter, Pacific whitesided dolphin and Asian small clawed otter, at
the viewing room (3.3mx11m, total floor space: 36.31ni) on 4th floor in Kaiyukan. Although
panel or photo exhibitions were held irregularly at the same place, it was the first time to hold
serialized special exhibit through the year.

_31_



The start was the panel exhibit “Do you know Megamouth shark?” which was held at
this place. By introducing academic dissection of Megamouth shark, we could provide the
information about not only animal husbandry but Kaiyukan’s research field. The results of
questionnaires showed a great favorable reception and we determined this viewing room was
the most suitable place to introduce the results on several reserches, husbandry and exhibition in
Kaiyukan.

Mini-special exhibit is positioned as the special exhibit without exhibiting live animal
basically and with limited theme, short period, small scale, low-budget, in compare with the
usual special exhibit on 1 year unit. We also held connected event while opening mini-special
exhibit.
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