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BEEDFE 2 DNEITNZT
AR DOBIEDZARMEFFEDOEIR & BRI L OEREZEIZ OV T

PR i T - S
C PRI HP KR - WIS S BRI AT v 5/ — - RIS - SSER R T
TRk + HUTRERSHRERER)

AR, SR ORI ORI IFEOREN T —~ OHL E 72 DD 5. BIFEIUCN 1, HffEICE
VT 387 FlAHESEIAAE L RHI L TR Y, A% bEOMHUIED LRV Ebing. —J5, BEBEO R
% 07 O OB e EEEIF RO Ko o0 H D, TV FEROMWFERE AL 2 EAVE
HEIND. FEHDIL, AWFORBMEOREZ DI L, FOAEDFOWRENTE Y — R LS55
IZBWTRLEH D A EHI OB A BEEE L, R vy M8 L0 EEZ TIN5,

&S, WEREOBFHECRET 2 ARITZ UL, TEROMIFEEZ KT 2 OA CIIFBEMA RIAD . K
fIMEOZANEIL, FHEEMWF CHBEICZAME L TOD03, EiLb ORI a3 bR Th 5.
RO BGEREALT Wourms (1977) AU b L, BIFE B OASRAERE & 41TV 5. —J57 Dulvy and Reynols
(9N E VAL K HIZ, [F—0BRERIR L SN 555 T, B RIRIA TR ESG S
TER, WHEHIGUZ K0 Ko T IPE N < A OND 72 8, FIFE O HUIH bR 1 35Ef1732 < 7% 2.

7=l 2L, IIEALE LTHIBND R AI P AH (Lamniformes), 7 & & A (Pseudotriakis microdon), 774
TP A (Nebrius ferrugineus)lZ—HRICIFEAL L X503, YRR 2 3 EHICBIER U< e 5l
BRCEEGINTIE L 0D, DFD, T OHITMS. L OSSN 2GR ThH Y, IRl LClR-—
BT RETIHRV. F, EFERA LN ERSTRR TR AR OND & IV 53NN T S, il
P AFTIET DB TH LD, A FAD /W IT1E L ORI E DR R, A1 5 DN DWW TR TH
5. Filz, THTAIERL PETAFREIZAONDMNIRE WO BIGRS, ED X 57 A =X LTl S
N, ISR E T I EARBED AT Z & > T E D BEWRAFF D)y, M ~EFEIIZ .

—IZ, BGEEHID R MRESEOBIRAREAI AL, a7t o VDG BV T RIS
R FIADIRN2, BT /VE)E U CORIFRTREME SR, S 518, IFE IR EL > T D
B FRGER RS DR S, AFHOBBERWIZE~DOIHIRIZRE RS2V, ZAbIise LT, #Hile7z
FEOF O IHRERA LRI L D SARFIeil S, AAREN TR AbND L) TkoT. &
UL, BOEDHHEFUIEER T TEME LIEHEFED—D>TH Y, PWFEKEEZE LTOA Y v h&+47
(AN LI2N D, BOREITH L THIRTE 205 Th 5 5. ARIOREET, 2 b OENTOEIE
W aARtET 57200, KEOMEET- HIZ K DIEFOREE B LG L, S%OUSTETR OBERL 4
L HACEE S, S, AFE0E 2 L ICFERRORHEA A, A EIZ1T D AREERIE DR
ZXY 2N EBZ TS,

5 | TR
Dulvy NK, Reynolds JD. 1997. Evolutionary transitions among egg-laying, live-bearing and maternal inputs in sharks

and rays. Proc. R. Soc. Lond. B, 264:1309-1315.
Wourms JP. 1977. Reproduction and development in chondrichthyan fishes. Amer. Zool., 17:379-410.
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Where embryology meets functional morphology: A new frontier of science
Taketeru Tomita'?, Kiyomi Murakumo?
(‘Okinawa Churashima Research Center, “Okinawa Churaumi Aquarium)

L IXCDIT : 2ERAIBLLEIEE L TNHHDH?

FeATE & 3R R DA RO, ZOFEFT, AW Eks RE 5 &3 203 H < ofThivT
T, T, RIFOBIZ, ZOEMOMSD G2 J LTliZZ vy, Hl23, SHEOMHIEIN AR5,
B 7 EFFD, DF D AMORARRT, EOEWDN S TE O Z T 5 &t 5 K 912
RRDDOTHD, ZOBZINEREL, BB EE ) BEE L TV DDIE, HIEDBREATEL T\ o0 5
7EENH 2Ll D, AT KRS FHTIND Z DB Z &, Ul FRT AR I, L
U AR LA E END LW D 2 ST OMFEE ORD L L ZATH Y BI{ETHERX
RO Z 52 CODRTHA LEF 2D, FHT, EEREAEYF: (Evolutionary Developmental
Biology) Ti&, [JFAAAY72 ) SANHHE SNDMREMEDIEREIER D7 0 7T W a B n - L~V T L, ZD
Targ N TXOIRERN] BHEEW) & T 5 Z L1k, EEBRETEDL I v /T ADEX
HAZ DL Z > CTEX IO ESR L & 9 &9 5lB0Me T Hiv s (l21F Tanaka et al., 2002; Freitas et al.,
2007 : figHBEA~DIE(L),

EREAMFTORREE LOBFIZ O TE, KOS LWEEFIIENRD & LT, AfaTix ek
fHIBLEE I TEA L TWD D02 | &) BT T DRIODE 2 Ztem LTV, Fox DNEEAET 2 DIk
HHADIBFOOZARMNETH D, EAIRAEAMFIRY . TV E TORBHEOR AW BT 2 mk %, £
BREECERIE CE 5, Z<A%/NVIE (KT AOMERS, HLOT - FA72E) IUf->T&Te, £
DFEF, ZNODHOFEN, S bRESESAE, OWTITE SR ERET 200 X5 1t T
WD, UL, BEEOHEMEDOITFOEBIIFEI S TH D, —DOOEEZ S > T, ZHBFEEE T &
SR DT, ZOZERIEDOBIEFLEEOMIZEZ TN DI L2 B, IBFOIRED &
HAZDOWTEZ TNETLY,

2. FHRVBRFRD [$H)

RART B A Carcharodon carcharias 13% DA L ITERGIZ, EOBIHAREITE O <RHIEFENTE
7o WEOFIZL Y . X 90K BFOFABIRCHOWTZEDORFINH SN2 > TE 28 (Sato et al.,
2016; Tomita etal., 2018), HFHIBURR KRR 0 X DIRFR CTh D, %< ODIRAEYT AREIT, IfTro
FIIRERER 2 FF/ 720, & T AN, Fox D3R L7 BUIRE Cly hOR AR D 1 A TRFOREAIL, SHICH D
ATz (K 1D, FELSIHND &, ZOIRBITHIE B0 | kO L 5 BIRE L T\%  (Sato et al,,
2016; Tomita et al., 2017), Z D & 9 2R OIGHFHEITTBREN S STV (Bl 21X, Gilmore et al.,
1983) , AR B Y R TIIRMER ThH o7, SBIT, b 9D UIAEDHEA TR OBIERN B BIDWIE RN
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Slz, FIUL, NS DOMRFOFAIIENEZ TN T=DTH D, OF 0, FARYEY ADOIBF,
FERGIINC — [ 2 A0 L, BICHOW 2K ) H LU,

BREZDOL IR LN EETHOM2FI-BIE, RARY e A ORERREGERICE DG 203D
BHEEZTND, REVAYRZELRA IV AFDIR AL, FEPNCHREIN L FHEN DRI & B
THET %, FEBS. FLEOBIEL LRV R AR D 0 3 A DIBFOREARNR A - T FE D5 b0
MELFERENTND, & ZAN, ZOREBIVOUGITH DN O A by 752D K572, HREROT
B DITRBINT R DD > T
VWU, DFED | RARTRYA
DIRHIERBEINDOEIRD T2
(ZHENR D — RN R R 722 %
Fib, EBINOMHGRIEE - T
MOEFOWELD LEZBI
LHDThHDH, M taFros
TEBEZGEOT DN D D P - S N0
Pob . FME MR R e s

SRHAIZ Xt
ﬁt%i%of%%?ﬁko K1 FFvadFAEFoschE Lzl () & 2 0B s
THEBMRRNDIES S, B ().

3. 7hxA EFOB

WK T2 DIX, T HTA Hemitrygon akajei &WHIIDIAETA DIRFOBAZIBET 2 A TH D, FA
7B, 7 1A OIS ORAREFRZ TS 2 CHIRRNZ E R B E o7z, UL, 7oA
DIBFORIL. BEEOEREORYZ ED, ZOEGITHD 4-6 fHIbET 50 THD (X2),
ZOERRIGOFERIT, WEEBIET D LIRS, TOERRIBO% A Y33 3EE Cii- ST
WAHDTE (Tomita et al.,, 2020), FHENOIMAZ & > THHEIIRE RBETH S, 28R BB EET S
ETERNIENERSNTLE I NG, A OIBAIHIERZ L TND0 0, T EPNIROTER IBG L
MEZA 5, FHIBEAZ & TRINDD
L, FEREND W SINOIEE AL &
ToiRIR (FEIVr) ZEHLTRET
DT HTARED NEASHTH D,
BITENTROEIT 572, KED
BENERIND LB ONDH0BTE,
FEEAERLT 2 DIIARE LD IV 721
TIFR, BRI ZAT O REDFEATZ
Al FE DO EE /R ER L 720 5
B, FBE, Fox ORFFETHIREDIED

% LB oM Rsesn, 2 77T AMEDLICE () & 2 ORI ().
TW5,

Forx R UTERRT I =AMl r O3, £ ORI T DRSS sinb, DF0, 1
BN THHE IR, R AR SN ST COEFELIBER L TCND LEZLNLDTHD, B
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WRRNZ &S, 7 A BRIFORGO I D IXHIPERTE TRAIZIENR > T D, MEOITHEAHZ 512 b
RADIZ, ZOLX D RERGIE, TATAUSNI G, [ C<MRHFR IVT ZRA TR T 24 =1 b~
XA Mobula birostris °A 737 A Urogymnus asperrimus O X 9 7eaAFE T HHEL ST 5,

4. = ZRRIFOREKEL

A=A b~FxA Mobula birostris °7F > 3 7~ 4 Mobula alfredi \ZARGEINHA b~FoAHH X, A
U MROPANERALZRS (X3 /), ZiudfthorA iEZ’ﬁ\ H D% AIZER MO KL Z &
EXRTH D, A b~ oA FEAR WERFLAFF O Z S IE, D ORI L BRE N H 5 L E 2 BT
W5, Z< DIEAMEDOTA X, EKILAE KOOI AT & L,Tﬁﬁb YTERY, APENERREICTH 2 & TE
IKILDABIRZNN, ZORITHIES 2 Z & THUIPRKZIX D L TD, 20 &9 2Rl oO#kER
% EAR 7 oK (buccal pumping) & FESS, — 5 CL A ~~ A FHOMRARAIL T LUK (ram ventilation)
EREII, WEAIRHZ A BIRA L TORDKDHES) 2 N T, SRR A B L 0D, ZOHETIE, 'E
ARFUTBIFOIERAK DAY [ & U TEDIL TRV NS | REAEKFUINEIRN D Z &2 D,
KL NG DAL, BEAPEOROY AFETHIAL b,

&AM, HAWI LIZA b=FoAHHOMRAL, K& BB L7ZHEOEKLER> (M34H), Z0
FHMUE, BRIFRAE OMERER & BREN S 5 L Fe 4 135 2 T D, IHISE SIKIREE ClX - a v~ 2o
i TEIHICF L TR Y, HRPOIRTOK T2 SR WEEE (ma—) TS8R TES,
ZORER, Fra v X OB AL, JEEEDTA L[RU L AR 7 HKIZE > THER L TS Z MR
BH 5 )MZ 72572 (Tomita etal., 2012, Murakumo etal., 2020) . 7 AU/KITFKIZ K D/KDJET 1% FE 1235
72, FENTERLZD (TEXRV) IBATHAWS Z ENTE R, Z20R0, JBAEMOTZ A DX S I
FEAR > 7% -V TR LT
WHDIEEEZBID, DF
D JBIFORE < BAWIEARAL
VXA D DSERFLAPRRER DT 8D
W TN D728 SRS
LHDOTHD, BRI, EFEN
i orravw s 2E
BIEL Lo & 2A HEBITMED '
WAL R, 33 Fyv Ay~ 2OWEKL, ﬁ(E)&%ﬁ(E)

WFTHC TV K9 TH %,

5. IRFOZARIREERD, THRBOZIRMEEZEATZ?

VLB, Fox D398 U C & TR FOTEREDZARME DWW TR L TE T2, 2B DRINZIE, H ok
WEDD D, FAUL, ZILD DIEREDNIRF O EER L BB BN 5 5 L 0 I b D LW ) 2 & Th D,
SFD ., INHORFOFIEIIEEMICHATE D LWV ) Z L7, ZOEKREEZ D LT U3 b
WOLE, BAfFE W Z ES BRNEIR S ITEEHR TV DN N WD Z L THh D, IRfAL. IMETHIURE
Thit, IHERTFE LW RERREREE T C, 8y A~ 3R AR L2 ude bavy, LavbEiE-
TVWDERE O IIRRBEETH D, ORI T CAZIRL T2DIZ, IR /e e s 181535 2
EIFIRWNZHY 9D &7, WBIFORENBLE Bip > CQUERAT, ZDMBSIPETS &g & Tl
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<\ FFRZRIRDUEIN T D T2 OIS SR EIVE Ch 5 Z L 0BT 20BN H 5, [728557HE
EYIORATB L8 D B2 LTWD D02 | &0 O BRICKT D ARRDZE 2%, T & 135872 D KBUT#EG
LTWAIRDTE] 0D 22 dEA 9, ZORREMHZHILNC L TN 0N, AfaCiEET D670

HEPRE TS, & HA A, IRTFOIRBIZITASTIFE L IREIENRIE L T DT Th Y | JelTl 7ok
(VIR L TS5 b DTN 1T LIRZ 2V,

NRFFORERETVRESEAORIZEI L, S E+ T EEE A5 9, IHEOMIZEL, REBEDOIRFOFEN
TOEZER, FATRHMED D OFFHBEIOFED, FUGLL HICSARTHMETH D Z L 2o LT D
b72, — T MRAEATO FED B AR L TV D, S DK CRs Sz Dkfma—)
IR 2 KT D IR LTZ b D) 13X, ZHETRD Z &3 0vebrai - T RHAR OB FOAT
IR CBIET 5 2 LA FRRIC L, WS ObOFFERA B7-6 LTS (fi21F Tomitaetal,, 2019 : 4
FT 2T W X Nebrius ferrugineus |3 BN THEKZBIMGT 2), S DIT, Fxl3EREOMR T4 7= C
MERFT D EN AT 75 OBFIREZED TS, Ziuk, MAEROITOMREEZRIR CRIET 5 Z L&
REIC T DI HIT Ch D, Atk IBTFOIACEET 2RI EARBRBNHLZIT D00, Fix b
LA TR LRV,

e
AFGOFEDHER 252 T TN ML DU KIEAEOVERE — RIDEH OB 2R T D, AW,
THHRSE DIKIEREOETE A & » 7 DR, FRIFHEROE 172 LTHTT S Z &3 TE o7, 2
ZITPRE T OE LR T %,

5 FSCER
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Ultrasound images of viviparous shark embryos swimming from one uterus to the other. Ethology, 125:122-126.
Tomita, T., M. Nakamura, Y. Kobayashi, A. Yoshinaka and K. Murakumo. 2020. Viviparous stingrays avoid
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(HORSY: REUHEIZERT < 2 ) —Y a 7 1 v v atfalistt)

The physiological roles of “pre-hatching” in oviparous elasmobranch embryos
Yuki Honda'?, Wataru Takagi'
(' Atmosphere and Ocean Research Institute, The University of Tokyo, *Regional Fish Institute Ltd.)

1. 7L~y F pre-hatching B & 1

WRAE « REREZ STIE & A EDOIVERCE RIETIL. hE%IFE
72 LT, IO ENT BN ELTE L SNDH(K 1), PRITAE
MO RO Z T TIFENTRAEL, DI =F 27 (H
)& LTS %, PEIR L7=COIMBNERIL. IIRE  HwEh
728 U —IRWE(Egg jelly) Cliti/= SIVCW DA, FEAEDEF IR,
DA S 3 S DU VEERIC L > T, B U —IRWEIS ik
SITPL, ZORER, FAEDEHF TINZO—HBA L, KA
PN E HIZHA D TE 5 X 91272 D (Ballard et al., 1993), Z 0 ~—~ P SNEE
W71k hatching (Z5EBRIT THEE Z 290D AL, 7L Ny F pre- ' S ——
hatching & FEIZAU, JNVAEHRE (B RSO 7281527278, IVt oD L: b SWATHRAET BIE, 7Ly
BRIV T YD & S BRI R oo Ty, o S 8 7Y

BICKODIFZEE 2 HUN T, AREEEE DI AEMSTI I ZINAE D ~F 71 /7 B
Z A Seyliorhinus canicula R°77 > X A O—F& Leucoraja erinacea DNV HIVTE T2, & MGl 5
DIFHREE T 8 DB AAOIRDTZRET AT, AR 2B D bR E 2275 H 245 TV 5 (Tanaka et al.,
2002; Okamoto et al., 2017; Kusakabe et al., 2020), —J5, #REFAFEDIA T OROAEPMEIES, TDA B =X
DZOWTOERIIBEN TH D, SR T 2010 40357 7 7 U —/L RZIRIERGKIEES & o45(F
WFRIC &0 | RAERE I Z 9 A Scyliorhinus torazame ZAFFEFTN CRIB S HIRHI 24 2, £ DZREINE FWT
TR ST B A FSRE DRI CEE T At 2D Tx 7o, RALL, fENES THDH Z LTz,
FABEREE T CREIRZAR I 72D, < OZMINEZLIE L TIFH Z LN TE D, LITIZ, M AEHN
T2 MIFFREE D ZINVE TORRAEFIT L. 7Ly FORERITONTEET S,

2. FEAERRR TOIRFEE AV AR B R

WEEOE L, JRBZ W TRIRIREE AR LD T 2NTm < R 2 & TKD iU 5 R
R RER 236 270 5, AMDIRFBFPEHMEOFTHEEMW) & [FRRIZ, PREBITFITHHR CER S AL D23, I,
FHBLIM ARSI LS B IRFBEAREE BT 5 Z LDV I TN\ D, — 7, FAEFMIOME, FARM
Ze 3 U CRiA & [RIRREE DRI RIFIR LRI 300mM) ZAfERF3 2 2 L S B NI/ > TV D73, B OARIEE
IR ED X U TRBEAAR L FERF CEX TWODNIAATH -T2 Fex 1X b 7 AORE VT,
PRIBERIZ B HFd 2 DOFER OB L T-HE - BERIEMEZ AR B T L, AT, INsEA el
AT D IFEEEE ERZ(LLUT YSM : yolk sac membrane) 3D D IZIRFEARRKEITO Z LA BN LT

-7 -
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(Takagietal., 2017), FEAEDHES, RORF OB DFIET DHE L 03] o kg ——
bIT, IRAGDSIRROMAEL R L, EEARROMBEEYM | (e ¥3* 7 I
MORHE~E G0 DD 2 L b RHLTOS([2), FFHFATIE g2 . o
FEIR. 2 7 HIEERAT-REAT —D3UTT LAY F BRI DD faex * !
LAHIDHL, ZORBERDOEIBAT D BO LB £ 5 ERAL 01 \l\/&
SA T Th D, ) S
20-2324-26 27 28 29 30 31|32 33
3. BRI BEBIINA B =X 5D : LRABOHR L RERMRE  TLN\vTF

R AEIE. IVED DI E AV D IEA F TR~ 7ok
FFoZ N K <A A (Compagno et al., 1990; Musick and Ellis, 2005), IR~OSEMHFET1ES IIEEKTS
FHAKFGRERSR R, 0, DR - e ), TNO OO 7 &, B0 AR Lo TEERKE L
TW5, IEHREO RV AERICBO T, IRTED X I U TREMEZZ T TN ED7EA 5 2584 -
RS 5-9 DARAA DR O S WIHEE 2 B3 DAFSRI IR I 7ev, & 2O 13k b BfliZe s it
FERECC B D INRIRAF UM DARE AR 5)D N T A & T, MOSEWIERE ORI % B
fEliz, 3, FERHURIERE ChOMNE R Uiz, BHEORE (D8N EFETh, —ik
HI7ZREHERM ORIR\ M & 13IRE S BARDIBREA T, IBRIRDRE DN )0 U IZNETCIZEEN LS |
DY, DEHABBERO LI E L X &2 5 2 & CREBEHINSE TN D, a3 EERED N Z
WA RORRER I T 2 SAFHBEE L, DY ASEDFET DT 28I LT 2 A, FAEYHICITER
RIZSTIFE DN, FEAT—U 24 ENBIGREDSL G N0 | BFEE R4 28T, T LNy FO
HZHAT— 31 £TITELFADEESEDB LRI CIZR D Z L AL LT(X 3), BB L
LR TIIAT—Y 31 O FRICBEIBSHEDNL D 3> TEY . 7Ly FF ClIIIH IS WINAE
iz Vb EEXLND, £ —

T NFHT RTFATEAT TUINy F SRR
— 31 OIET, MASIIRLEEE ICHREDBRENAA
ICEZ BTV DI IGN
~NEFWAT D Z ENBIEREN
TWeeh, M7 A THIFE
DIFAND ZA I 7 HFH~
TR, Ly FREC LD 3 IBOTAEIAK & IS DRI, kTS EAIEIN 7 Lo~ DI I, Sl

48 WFHILINIC SIS A LT o 2 o b T3 (K0, 7Ly 5. FE L - BHclisssit

N DRSS U DR AL, JHERG OWURINIE T b s & 5127 %,

% B B 2 LT

IS~ L TRAT D 2 & Zff L7=(4 3),

IHIT, FEWIEREDFEIE L LT, 7T AR Peptl & T X BRGEAR Sle6al9 DRI
DB TIBEMAT LT & Z A, AT E D O BIRVVBELL -~V E2R L2, BFE IR A L
TREAT— 32 LIBRT, FRIAT T NS ASES TR OBE BN R oz, ULEOREE G, b
FTHARIT Lo~y FF TITHEREN 7RI ZTES L. 7 Loy FLRIZINED DIEF 72N A1 TH Z &
DHAGNT 25T, AN BRRPRIIEA N 2THEE O T, SBECEMIT, RSO HCH HEf%
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BRDHLIIRDETHALTEL T, BAEFILXLE AN OHDINETE) HEHEIIE AT | #
BT 2, WBaflio TINHZRD, LbWZ D, IVAEIRE RO R LB O—hna B H NI LTz
(Honda et al., 2020),

4. RAERFRICRIT DHRBRINA =X 5Q) : YSM DEE

T 7VAy?iD%®%TiE®i5CWE®%§%N§waé®ﬁ55#?7vﬂy?u
AIOYNEEIT, RO YSM I ENTIRASNIFEEZES U THAEL, IREIFMNZ L TnD, IMASNIFESE
IET LNy FHRIBLINEL 20 . BHEERNOXEEZRITRGT 2, Lo TRBEAREFET, 71
> F K AIARIEELIH AR > T YSM D3REINOEEIZAH, 7 Loy FHIL YSM OFSEED R %
KT L YSM 2B~ & SR OB Y 7 N2 DT iE TR LT, & 2 TUNEFE L 0 RNA
=V REATO, BRI B D3 (E FREOERER L RRIC L > T flie 07 X ik, FREk
INBEHHES 3y | IR DL T A ZHIAE L, Ire YSM CRAZE LB s FEBLL -~ L2 b
AT LT, 5R0D Peptl <2 Slc6al9 & [FIRIZ, T C OB 5 DR CORBUTFAEDEITITLE N, BEIMER
L, ZL OB TN T LNy FERBEIZAMREH A2 U, —F TR LT, £< O ERIX
A YSM TOFRBUL, AN ZE L QIELED LI —ED, AN EFT25 L0 ) RN
Bz, I, JEEICHEL TV D YSM i OB BRI L 28I o7 L 2A, Ty
L ORIDAT—729 DIRZIBNT, YSM O FRGHIBIPNIZ A/ I fg8 S, /MasiZi 3o figgh o
YREE & N DHERINE £ D 2 L & R LIZ(X 4 /£), 7L~y FLREIO YSM i i«éﬂ LR ChH D
LRGBS T 7 T 7 L) R OREN RGNS Z LD FEAENIINZIT YSM 2378
WNZIFEE MR A B D IAAx,  ERZHIRAN CIEL L7tk BN ACE S AU/ A 2 LT X oS
TF Rp EORES T E L L, IRCEEEZ MG L Q0D Z EAVRIB Iz, 72, YSM AN ~DIFH
IMRDOE D AT T Loy FLUZIZHITON TR Y, BZ2H T Ly FLUHZED YSM (FINE MO E#E
FI7RE 0 IAFMTINZ T, BEHRA AT K 5588/ My T OB iAB BT H Z & T, THELIRIAE 1 & ek kb L C
WhHEEZ NS, TR AP OREIFEEORERZNE L ZA, ELL LT Ly FETE
REBRIAEBAENRDS, T LNy FHRDOAT— 32 MOERHUIZNT T, IIsEEEIT 35— 5T,
MOBERIIEIGNT D, DFV ., 7Ly FURN BINEICE ENLKEOFHIHITONL TN D HD
D, MORERAIIRE SHIRL TWRNWEEZ BID, —F, 7Ly FL%IENE S YSM O ClE%
(ZHNEE DR AT - I L, RRZE L AMRESETWD Z LD BN o7,

TNy Fii

Stoey ™, @iamm X |
' snaLnam\ ik 8
L

B 4: 7Ly FUHTD YSM ;ﬂﬂﬁﬂlﬁﬁ@ B TIEMEEEE () & YSM Ik 2 8E8RRo £ & o (), S/ IMK
VEERE YSM AIHICE D A E 5, JEHTR L 72/ IMadic i3t ofEniii% < B.ois,

5. %k¢®
ZZETORRND, Ty FIFRB IO REIIU & > TRE QRS TH H 2 L B3DDD,
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EHDICE AT CIEL, BEROH AL T LNy FLREL DS TND Z EDVRIBSILTN D,
T LNy FURTOIRIFEE LTAMBA R D, FAEFINI IR IMIE TR 24T 9 25, B elZ o T
FERDT=DDFHANEEL, H LI ET Ly TFELNZDHAT—T 31 (TR EW AT TE)(buccal
pumping)2MAE % (Tomita et al,, 2014), A7 —3 31 IBESMIBIIR 4 1ZiBHE L T < 728D, & 2 THIMED

DRE~DEERES 7 P E TWD, ZO X DIT, RFAEH, KL, PR SV D 3 DO 5 A FEERE
DFETEFRI IS N T R EA 70k DR ORREA~OBREDBAT A 7 LNy F L[ U & TR0 |
TNy FIIRROEBERESRE) LD 5 F A I 7 EF A5,

BABEOINT T LN FAS K - TUBKARAT D Z & T, IIHEEAFF LR DAMNRBRICIi S D, Bl
FR L [ARR, INVERE SEOIR I bR TIMIR A7 U TIHMKIZEE 2723, b L7230~ O EfE
X, ZDIZE A EDIEFEL R 7o F FABRERICE S, Itk LIRS IZINEICOBRREAARLTT 5.
oL, IVEBEEEDO T Lo~y T8, AFEAHCITES BT S L) (TS50 hTHY |
BV CREIE DS < R WIVERBIIE CIL. Loy FE BRI E SN D 2 L T RAeITH
R LTCNDDIEAD LEXTND, Ty TRIOHE N, IS CEFTERNEBZ B
TEY ., ROGEMIEORESR X SHBOITICL > T, Py F LRI 2 D8k x AR 2 A
v FOFENA LN /2 5 LW S LD,

BTN
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HIEZIRIT D7 U= A OEFEAER & FFDFZEIZ DN T
W A - b0 3 (RIS RFBOKE « BREERER AR

Reproduction and embryonic development of the red stingray Hemitrygon akajei from
Ariake Bay, Japan

Keisuke Furumitsu, Atsuko Yamaguchi

(Graduate School of Fisheries and Environmental Sciences, Nagasaki University)

1 [XT®IZ

TATAVEL, FIZHROIRFIA AT 2HEETH Y | FHED VA
STNDTA D—FETHDHN, TOAREIZOWTTRHIEEI T,
RS, A, AR E T2 H DM, ETIIELD
MEVZIT~A FT—FETH D, AT AT~ THER
UV, THZA PIEDTA THDH Z LT BTN, EH
HIZRBREEDEE L SITNA THEE DRI ET 2 2 L bV | B9
(BT DI IR Ch o e, FRTFEWN TORMFORIETE 754 Hemitrygon akajei
IR AT, T TORETAEZBL THIZE A LR, T2,
7ﬁm4@¥@ﬁ(ﬁ%ﬁ)%ﬂ%%mﬁmbk%@%ﬁwotoﬁﬁ\leiKﬁﬁ%Mwaék
WIORELHIZ 2 T 228, HRIIIBIMEAICH D E B2 LN TEB Y REOMEMHIE L D, £
SIZLARKAR I Z LW ERR 712725 TV, £ 2C, AIHMEOTE « 0 1380 S 0 O
U E CORIEA BRI, 2003 4E05D 2014 FEITNT TEEE LT I/ 2 LICL, ZOBLEBIC
WFgeAfe T, & OBIHARE L MaA A DR T OFIED FEREIZ OV THID CEEIZRIHTT 2 Z LW TE
DT, AFFE TR L2V, 7228, AFHEEEIZ Furumitsuetal. 2019) THRIE L7 b D TH D720, FELL
ITZEHLLEBRL TNV E T2,

Y > 7 5% ¢ (https:/link.springer.com/article/10.1007/s10228-019-00687-9)

2. YA X ERGHT
ARFFECTHWT I A OEIE (DW) 1, BEAS 105.0-466.0mm, MDY 109.5-900.0mm TH V| (A
VX, HES 43.5-4009.9 g, MEAS 42225100 g T o7z, MEIMEL D BRI T2 5, EETIT6EREL<A
HZENHA LN IeoTe, TAHTZABOHRIZIX, AT A Bathytoshia brevicaudata @ X 5 7208 2m, K
300 kg ZHZ DFED D Z D (Lastetal, 2016) . AVENE 1 m
(T2 700 T B A XTI A AOFEE S 257255, Fi2,
TA OY A R L > THIMEOHR TEELITNCR Y AAOLNHZ 8
oL TeoTz, AFNTTO/NS 7B A VR O 7S TR]
M C% < BEE S AL, 200 mm DW LU T OfEIERAN 70% % 58Ty,
Fioo B U TABIRIZOWTAHATHD & AL O 00% N
T 7 CTELBEESNIZDIIH LT, MR IR 000 T Y
TTELBEES N, ThTA T, R A RHEEDE I L -

RS g L5 K
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THAERHN S 2 AR H 0 | Ok A ST el a0 EEFY & L CTHIA STV 5 aTREMEDVR
X,

3. RV A X LW RON SRR
HECIIATENR L BRSO RERLS. 7 T A0S, MECITIIR & TEOREEE D DI A X%
T U7z, ZORER, i/ NREAY A X1 IHET 313mmDW, T 475 mmDW TH Y . HETIE 347 mmDW,
HETIE 560 mm DW DL EOEIARI T2 THEAL TWD Z ERHGNE 7257, 187512 Taniuchi and Shimizu
(19932 XK > T, HEETDT A1 A ORGEAT A XMFZES TR Y | 1T 400mmDW, HET 600 mmDW
PLEDEER R THEAL TOVe & SILTWAR, EivE i d 2 L GHRMED T 51 oA ORGAT A XX 10%
[ EE/NEW A R TEEVL TV, F 7=, Taniuchi and Shimizu (1993)1%, 74 A OHAZIFMERY IR RS
AU, BETIIRENTET D & BT LR35 2 &L LD
HOD, ZDFHNEZ DWW TUIBE SN TR T, £ 2T, B
TEHE SN ETOT A MO ABIEL LT R, AR BETITH
BRROMEZ L CWD 03, G LIRD D ER2 12D T2 L, BEICET S
& BT VI RD Z EN DG o, Fo, BENGET
% LZEFICBMRIR K RoTe E E THIROWIZR D Z &13en2 &%
DN EIpoTz, ZOMIE, FIZL D RES BT3B, ks, HET
TR L CHHEBIROE E T, ks Z &3 o7,

4. HEORTFRER

RN U T ED AFEIR ORI ATV K TR 2 1 & 7
(2 LTz, E ORGSR, FBRAHEVE Tl Sk 6 A~1 AD 8 )
ARICHY . 7 A~12 A2 T ok R avBissh
oo THAxA T, RIS 0 G IR SN TnNA Z &%
BT 5, I EICH 2R EROEIEIE, 9 H~5 AT T
13100%TH Y, 6 HIZ57.6%. 7 HIT56.5%. 8 HIZ92.6%DEIE T
KRR FAVBIES S, 0L EDIEADER 2 U TR+ 25 2 C
WHZ L EMEGERTE T, DFE VT I =A ORECIIFEMZE U TRER
HETHDHZENHLNE ST,

5. Bt & MEOMIEH> B DFEFRZRBIZEIC L U B HNZ A2 > T REAIC R SRR
7 71 A ORETIIFM A8 U CTRREATRE CH DI B E 72 o 7208,
WMEXE D 7RDIEA D ), ZAVE THEL HEOATHE, Rl &[RRI
JE7R AR E D & LTEMgEhlib 7o oTz, Al LT EOHEI IR 2
HEE T 2 72 DI IO AIE LT -, 2 ORGSR, EPNHEIPRE 4 A
iR CE17.62mm) L7200 5 AIZ2SICHE (CF%) 11.51 mm)
L7z, HEFRTE ML HIREDO BRI O R5 & T 6 AIZHER

TAHEERB D008 Ly, JREIROHEIFREYIX 4 A~5 AT,
IFE BN S HIATOND 2 LB S o, 2oz bhn, Y HEIET (3H) DIt
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WNTT oA OZRIE S ARIRICATON D EHEE LTV, FEBRTEZ 9 TldenoT,

WERE CIIAR OB THEDHE I > < T EDNHIBILTNDD, THTA THEEEO Z ENF 2, MDD
WEEITEOIR (ZRIR) ARSI TWD, ZRREPBIEIIV-DIELI Hb 5 A Tho7ens, FEW
THFPBIE SN 10 A0S 4 HThoTe, ZOZEMBAZRINE 9 MHITH KSDN, 2R
0137 A THD Z RGN E 25T, T A ORETIE
BENTET D AR . HEROEIZRED Z L3727y Zh
FRWRREH LB L TD EEXTND, S6IC, MR+
[ZIRBENBIER SN D Z L1372 REMTOIRNWZ & BB 50
Lipolz, -, RBENR9I H0D 5 AIZNT TBIESN=DIZR L
T, WMEOHFINRFIANEIZ 5 AP LT &I, FTEMTH

NCWB ATREEA RS % b0 Th D, 7HTA TR E TR TR
AT TN & OB 2> T2, HEOMEEI TS N ZEIR

g .;,- “i‘
} A

6. SEHARIDREARIR &SP FE

MARHR & 1%, ROV T OB IRV CRAEN—FHEIET 5 Z L THY | HEOREEH
B OFRIEE DG E St D EARATEETIT 20 FEREEE CTR.OND, BFEE RO SN, 7 1 = A (IR
RN EZ 2 R A I L2 3 A E RS o7z, & b ESREDORFIOHPEDREII T 3T
< BPFEERERAEN D, L, FAUC L THZREINOBIEE S o IR @i S o Wi
X, BTOXLRHY, TOZ EWNRUTIRoT27280, S HITEELE T
4 —/V RCOMFRICER LT, EORR, X< 4 AL 5 Aldes
(AR T 0 . 7 oA Tl T2 72 H ORI A &
LHA[REMA R Z &R, ZIVE TITE BV TV D ARAIEE TD
AIROHIIE 410 -+ HTHY |, 7oA O J 5 I MAIR- A &
DHDOITHIHIVTVRYY, F7o, PMAIRDNED Y IROFEED FBH S 41
L&, DTNNS5 r HORIZEMICEER L, 105-130mmDW (Z3ET 5
EHEESND Z EDWID T LINE TRl AR T B RMF

7. BRFOELR L R

AW I, BRFAATR L Q2 47 [BIROIED B 15 B - A5 559
TEIROIBF AT L7oRER, 5 BIROFEL L72IRr & 2 ORI
TIIARFEEDIIHER S I, T I A JRFOIELCHIT 1.25% Th 5 =
EMHALMME IR, AL TR, WMFOFEC=RIZEST S5l
WD 5708, BFAET Tl Sivic = A OIRFAELCSRIZEI T 2400
ToOWEieoTe, £io, 559 BEARDIFD 5 5 4 (B THfigE 7213
JREBZIEE S R SN DEEAHEE S 4L, IR FORTERIT 0.72% & 31
SN, AT, TBRRIZEE OH 5 G MEARIL Z < Wl Lo@iss
SHVRVIS, AWFFETIRAT LD IZEE IR HAET D Z L3 D, A DO 2 BT R EIEARDIAE
IZBHT DRtk E LTIE, 17 AxA Preroplatytrygon violacea C 1.3% (Ribeiro-Prado and Amorim, 2008) .
Urotrygon rogersi C 0.31% (Mejia-Fallaetal., 2011) Téb 5, 7 71 A TIRBIZEE O & 2 [EROFEEK L. 1970

THEANTIRC L T 7B
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R IR BIR O¥ER: (152mmDW,  130gBM ; Honma and Sugihara, 1971) G, 1994 4E(C = B IR{HEE
(115 mm DW ; Yamaguchi 2004) CEEE ST D, ZIUBITIRT A D& 2 TAEFNTT S OfEIRE &
Z BB, JEDYRG TR TR BT 0E LI2IRRBIC 2 > TR 0 | GBS R, TE A A7
I, AEZERDATREMEMRN E B X Hivd, EERICHURNET 11 FRICBE SN T o 1418 A D b
FARA (P 2BR<) 1TSS, NRICIE D O AN E X 7% S ATREME i TIRVW b D L& 2
B,

8. T H A DEFEERE L 1L ?

HYMECOT 1A OIRIFEIL 7-25 (4 123) THY, 7VTT
WE SN T D AREDEDOH The t i < (Hagiwara, 1993; Kim et al,, a8 /»’?:‘ \ )%",
2005) , Hi—DFEEZFD, WAEOIFEMHME (FEILvy) Blo 4
Bh AR oA O TR b AV, ZNEAOT T = A BR DT A
EWRTHD & THZA TRV TN SN DI T A=A
Pteroplatytrygonviolacea C, #K 13 Té 2 (Wilsonand Beckett,1970) , e
7 A A HROZ < OREOBRIRHIE T AT T B, £ie, T I % AT
TA FROFEREEIE 1.0-62 LR L > TRRLMN, TDIFLA
EWSLUTThD, ZOEDIT, KRBT E IR E D & 7 A ORRTFEGNNINIZ DD
B,

Fiz, THhxA LERROIRI A X%F52 3 FOZGH ) (Dasyatis chrysonota, 7. Hypanus dipterurus, 3.
Hypanus say, 6) IS5 E, 7 AL 3.6-83 512722 (Snelson et al., 1989; Smith et al., 2007;
Ebertand Cowley,2009), 72, [FU 3 FEDHEERFDRE S (D. chrysonota, 172-184mmDW, H. dipterurus,
190-280mmDW, H.say, 150-170mmDW) & Hi#gEd 2 &, 7 h A OHERFORE S (105-130mmDW)
I3 B/ EVY (Snelson et al., 1988; Smith et al., 2007; Ebert and Cowley, 2009), DFE D 7 A 1X, DEDK
SR AEET LD S, 2L OIS TR FEL & W O BRIEEIG A L > TS ZERHLMNE o, D
DX, M s HARFORE SPEHEAINC N L— RA 712705 Z L3, IBEDOT A THEE ST
"% (Compagno, 1988), Z0 bk L— RATDEWS 5 & 21, Hidh7/ad ThR A TR ELRICIL
NTHERDE L, EFEMENZ ETH S,

/

9. 7H A OEFERFFEDE & 8 L 5T ONT

ARTIE, 7 H A OBGHZBT D7 RN O L=, UL, A JEICBIT D05t E
ARt ThbH, FIUHEELS > THEDOBIIEET DA = A NI AL TR D, 2R U A A
DOHRTT A FE FETAFZ IR L THTHE L DR D L BBROD->TETWD, EDOEGHEE
KOZEESITHESND LRFHC, REBRE R U WD, 5% b A FHO WM M FORED A 1 =
A, IRIROAREFHIEZE ORI BT AHA TV E T2,

Flo, ARTIET A OIRFEAMIFE AN TIEFICZ WS L2 Lz, UL, ZAUFR L TR
NI 2 5 Z L2 BRT 2 O TIIRWOTER L UZ LY, IH4E, BARTIEIT A=A 13KkEE
L S THERFELEEZ ONDHZ b H LN, FEROFTIEIRL ZEDTERWEERFETHY . F
FHYLEBDPELL SND Z LIZED VTR, ARRHAFEOIE UWBZD7278 0 Z & IR U720,
7235, AR CIE 2020 AR B ARSI S O UE 252 E LTz, BRESEORIIEATHIN S 4172 2 & TR 0%
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JRIZD L THHBRTE 72025 ET LS Z<OHITEH L2V,

123
AT ZEDHIZHT-0 . FEHEZK, IWWMFEEFR, HIIRZREZIL 0D ET 5% OfEREFRE D
FIZ 10 L EORX b1 WAL WP £ UTs, 7. VBB A L 3—ks
FELZIE, JIE - A OB /e P2 KD T e Wl £ L, IS OEEZEFELET,

G TN
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Deformities in free-living elasmobranchs from Suruga Bay, Japan
Sho Tanaka (School of Marine Science and Technology, Tokai University)

Abstract

Three deformed elasmobranchs were collected in the interior part of Suruga Bay. Mature male Mustelus manazo
displayed scoliotic, lordotic and kyphotic curves of the vertebral column. Juvenile female Sphyrna zygaena had dwarf
first dorsal fin and pectoral fins. Young female Bathytoshia brevicaudata had a triangular depression in the snout.

HREBADFF BRI O TIL Z AV E TENAMEO TR 2 220 TS St AREEIT RS 3T
b 3 X U Y AOMEFRFCEH, 1979), AAEDOATFIFCEE - [HE, 1980), I % U X OYRHEK %
FRfA(FT - BES, 2002), 7> A & B A ORI E, 2004072585 S TnDd, £723Y 7Y
A OYRTETIA BT, 1976), 2 2% U X OMEARFILEREDY, 1981), AAT V7 FADAME
2 5 fi&/R P4 Taniuchi and Yanagisawa, 1987)72 EO#WEDH D, ZiLbOAFOFRERIIAHTHY |
PEERF72 E OB R FARR IR OEFHERITRLS . BRCED Z L3R LB DD, BETE
CHRAMHADESEA 21T > CE 12RO C 3 ERDOAARE RIS N =D T, Z0FEEHET 5,

1. AR A Mustelus manazo
FHEDR A A1 1994 453 H 5 BICHI TR OMSILNE ) | ] DAL/ 200m (ZF%E L7 K
FIHEZ L 0 BRI S VB T D, ATEOIRIEIFX 1 IR &35 KD IR 10 [FIEdh L, fofig
FERMHE DB D SRR Tl OREILEIC < IEAEFF OB D Th o7, E T AMOAHER TET IR
LT, O S OIHRIORIE S OR S Th-o7-(K 2 ££), BHEFIIX 2 50 X 5 ITARKFREC
JRf LTS Z &R b, AR 550mm, REERE TOMR 429mm T, AZHERFEE LR LT
AT o1z, B A DR A R TAEBIROUEAIED E ORI T &/ E < RS TIEAR 70ecm 55
THEA L T % (Yamaguchi et al.,
1997), AfE AN ETIERE R
% RIFTIE E DA IRAE TR
TAHETHEFTEXZ L3RR
W72 EThHEEZ BN
D, ZD XD AR IA— A
cZUTMHESYFT VY
FAE D | FE Hemiscyllium [ 1. 3Rl L7 L= 4 550mm o7 S A OB

ocellatum &R ABD 1 f Fig. 1. Mature male Mustelus manazo with scoliotic bends of the vertebral
Mustelus antarcticus TS S 1% column.

BAIAE AR iz U 7= efE
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& To o7 (Heupel etal.,, 1999), {RFEANEOHEER CRETEREE) BAFRGINC AR L T AT

AIREZRDINS LALZRY Y,

2. RIPAGIARRO R g (78) & S R HHE (F)
Fig. 2. Claspers of deformed Mustelus manazo (left) and its scoliotic vertebral column (right).

2. v =2E YW A Sphyrna zygaena

DT Ty 27 P A 111994 43 H 31 BIZEA BB O RIRIPICRE STV D EEMIC L D
BENTHEHEARTH D, FHEOIRREITE 1 g & gD METH H(X 3), AMERITAER 1053mm, JEfiE
FHRE COME 743mm., 1K 4500 g ODRRATH -T2, BEAED T 1Y 287 Y A IIASH 53 5T

Z L7 9128k 600mm <HWTHAELTL S
Z BT KA, 2017), D7e EH TR
ITAEFLQW=EEB 2N, ERTRESH 2
ETRRY EEREERH D B2 BN, RO
FAREN DD Z A, A AT AT
55 1 T5hE L RO (Afonso et al., 2016) 3 &>
S e DMER IMEOBE IR OB RO A
Kami L 7= 5@ SC(Eissa et al., 202123\ T H /7247
Siahotz, KEBMIONRE DT L Cldh
TR AT ETHIE STV 5,

3. BME LT g L Ml os m v 2B PR
Fig. 3. Juvenile Sphyrna zygaena with dwarf dorsal and
pectoral fins.

3. 7" =A Bathytoshia brevicaudata, A4 Dasyatis matsubarai Miyoshi
WBORTTAL201347 A3 AIC Efiomi 2

F7 YR LR CPEARMOE BRI U7 fEE AT
0D, FIRORIBIIR 4 DX 5 ITYREN =M LIk
BLIEbDOThoTz, AMERITEE 706mm, (AR
311mm, {49518 382mm, AR 1575g THREG TH -7,
[ U & 9 Z2UIVAR A FF ORI O A Bl Ihk % 70fEC
WS S, 7 A JETIEL F1(2004) A3 B AVERES M)
SEL L 727 /7 =A "C, Ramirez-Hernandez etal. (2011)73

au BT OH Y THECERIL LT Dasyatis guttata TR )
BELTOS, FilEEE b LT ofgoay X4 PRERRLIR A
I AET. AR bR S U E T Fig. 4. Young Bathytoshia brevicaudata with a

TeAReMER B B & b %,

triangular depression of the snout.
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X, AEEEERO—FE LT~ A 7 a T T AF v I PNERERCND, ZOVA 7T TAF v 71
B 7N KD EBES AL, RNICIW TS, W TR s FOEEe ST KT 2 L hve
HINTND, FEOHBUIBREEDERIEOAEYHEIED 1 DL LTEDILD 2 &M3H 0 | AARIRDHEL
HIEH L TR LERD D,
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FRAEIZ Y V) H L E B ESE N OV FLOMRRT D )5 4 | T BRI PSR 4 P L7
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BAEZABICEETAA T HI LV BIA T 8
R Tl (R E RS S AR A IERE, K3 E g Ees)

A note on the copepods of the genus Pseudocharopinus (Siphonostomatoida:
Lernaeopodidae) parasitic on Japanese rays

Kazuya Nagasawa (Graduate School of Integrated Sciences for Life, Hiroshima University, and
Aquaparasitology Laboratory)

Abstract
Two species of copepods of the lernacopodid genus Pseudocharopinus have so far been reported from rays in Japan: P.
markewitschi and P. pteroplateae. This note reviews various aspects of the biology of these species, including their

taxonomy, morphology, known hosts, and geographical distribution.

1. [XT®IZ

Y AR GEFE LT OTFEMNA T HIZ, FHL ZRETTHADT IBIA T VL EITRY
EF, AGETOREEMN L CE T, ZDIE, FIMNEICA T~ 7 AW X T X Dinemoleus indeprensus (&
5,2009), ¥ _TH AT T 3 Prosaetes rhinodontis (R3FIZ), 2013), ¥ A7 X Pandarus satyrus,
A )W AT 2 Pandarus cranchii, A YUY AT 2 Pandarus smithii (35, 2014), ¥V T3
Echthrogaleus coleoptratus, 3 > % U 25 I & N Echthrogaleus denticulatus, ~ 7 3 7% AT
Echthrogaleus asiaticus, X7 V)W A7 X Echthrogaleus mitsukurinae (F3%,2017) Th b, £iz, ATV
ZIBLBMS, Y OF T T IR NT T H LY Anthosoma crassum (K%, 2012), Y A¥ RUBO=nm
WA Y RV Trebius longicaudatus &3 A / 2% = 7% KV Trebious shiinoi (K%, 2018,2019) @ 3 FzH
L7z,

L, AL, FABEECIICUA T VOB LEE 2%, LRI, ZO1H1E LT, 7HTAIFH
AT 0 A RUBOT =AY RV Trebius akajeii A58 T L7z (Ri%, 2018), ZZClE, BARE
TAHNOHRE SN TNDTH I E LR A T H 7 ELVIROD 2 TP T 5,

2. PEREROE
OREDTAFANFHFAET DA FTH I CLVBIA T AL 2 PRI DILD, TS DS FHNLET,
LIFD X HIT"E4125  (Walter and Boxshall, 2021),,
F7%f Subphylum Crustacea Briinnich, 1772
H1A 7 i Subclass Copepoda Milne Edwards, 1830
“AH (7% /A R~HA) Order Siphonostomatoida Burmeister, 1835
F77 7 ¥ 23} Family Lernaeopodidae Mile Edwards, 1840
TA FH 7 ¥ LR Genus Pseudocharopinus Kabata, 1964
A F U ¥ I Pseudocharopinus markewitschi (Gusev, 1951)
YR v A F I Y ¥ Y Pseudocharopinus pteroplateae (Yamaguti and Yamasu, 1959)

* H APERE RO A RIZEET 5/ — h-13. Notes on the parasites of chondrichthyans in Japan—13.
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L. A FH7 L ORARE (A) LRURRE B), Y7 nxA T 7 L O (C) (A, Shiino,
1956 ; B, Shiino, 1959 ; C, Yamaguti and Yamasu, 1959 7>551H), A & B, &KX, {lim# ; C, 24X, ¥
H#, A7r—n 3—: A 2mm ;B,0.5mm ; C, ] mm.

Fig. 1. Ovigerous female and male of Pseudocharopinus markewitschi (A, from Shiino, 1956; B, from Shiino, 1959) and
ovigerous female of Pseudocharopinus pteroplateae (C, from Yamaguti and Yamasu, 1959). A and B, habitus, lateral

view; C, habitus, dorsal view. Scale bars: A, 2 mm ; B,0.5mm ; C, 1 mm.

TAFHIECLVEE FRR2FEOMAIE, K- B 015) (250K, ok, BRR2 MMM, i
4\ Charopinus J& (Shiino, 1956, 1959) & Brachiella J& (Yamaguti and Yamasu, 1959) (2@ % U HiL
7203, #£4F, Kabata (1964) (2K - THI-IZRIT bz A T H 7 B AVRIZE SN, S HIZESTND,

3. A FH 2 ¥ LAY Pseudocharopinus markewitschi (Gusev, 1951)
AFEE, Gusev (1951) (2L~ T, ¥ U L FFHE Antonovo 1D B AL ClfafE Sz a2 1 A
(¥4 % Rajakenojei &F05i) 7> HEIR S AVT- iRtz FAV N C Charopinus markewitschi & U CHiffalak S 41
7o OMETIE, ZHERSIRFOMERZRMEE LY, T LIRS oAb RRE TR SN oy oA On
RIS HAFT- A AMEA 15 C, TEREZZHMINZRIE L7 (Shiino, 1956), D%, HMERFH LIIARETE (LFEACE
) EHEE (AAE) CTHREISNEIT U D ARDZENENE L RFN DT AEAR AT ZFE L
(Shiino, 1959) , FEIEFERFAIZIIRIAME SN CUWBIERS G £, ToiE RSNz, EBHIZ, Ho
and Kim (1996) 13, AGMEESIBEIHOALTE AL Tl Shic A 97199 AXOfEN O AFEO RAMEZ ST,
788, ARZEET 5 OEOMAITEE - FEF (2015) ([ZX o THELESND, fEEICA TR AREK
ANQAY N
HEDTIRE (A 1A) : (NIFEENGES, RRRES, 262 /NgAD 3 bk S D, £ EFICEAIET
WDDIT T ROH 2 /AT, Jelin CH— LT, ZORICHBRIMEL AT 2, 52 /NI B RO
(7O BRI, (EETE, Sohmibic e Ak, B2 A, 510, SEERA D, 2 /LR
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MR OB DR TS, IHITRIME T, iy LR, BImmEo0= L, 1 &f
O/NER B2 5, IS 1 SEOIRENRE T D, INFEIMGETY, 552 /NRIE 2.78 mm, S
Flx 2.84mm, AERIE 448 mm, ARESIEIE 1.78 mm, JPFERIT 4.39mm, [EEHEAT, SElEIHIHE A,
RS , I EEE) b0 A 235 (Shino, 1956).

HEDWHRE (X 1B) : ML K& < HRLEREZRL, HRRIT Lomm ITHE 72w, SFRTRHIIR AT, Al
ZER 1 filfs 55 2 il 2 B2 5, BEIFA S oM< 72 0, 25 1 /NS E B8 2 /N E Al A 5 B,
AR LR E M CTdH D (Shiino, 1959)

BELFENL: VoA, TBVDAN, AHTFHAR, OPEE, g (A% (Shiino, 1956, 1959; Ho and
Kim, 1996) ,

HIREA - AR, O3E TR (RmESIEE, s, FodkLEg—) & B CHsR)
MOHIE S (Shiino, 1956, 1959; HoandKim, 1996), 127 O U N (Gusev, 1951) & 7E[E (Kim,
1998) 76 bitikA B 2,

4. I\7 ax A FH 7 €LY Pseudocharopinus pteroplateae (Yamaguti and Yamasu, 1959)
AR, MR AL (FARTHE) Cynasclit (ERFENEIERE) 2o T, S
PEY NI a A OFICEE L T2 pkiREZ & &2, Brachiella pteroplateae & 1 CHTFEFLEL S 7=
(Yamaguti and Yamasu, 1959), AFHITZ D%, ENAATHEE STV (R - B2, 2015),
HEDIHRR (X 10) : AR L R U L DI, AT, AR, 2652 /N0 3 bk S b, a2
Sz ZEASETWD DI O 2 /T, Sl TH— LTS A4, £ ORI EL AT 2,
55 2 /INGFHSE ) DRWOF D D BN, PRI O LARD, Johmifilces 1 ik, 252 ik, 251
/NER, BEEZBZ D, 552 /INgE & SEREROBE R DA S GO, AREREINE T, & 1 xfD
PHEROZEEE B2 D, IR 1 FOIREINRRE L, MR, %2 /0R133.04.0mm, ZE
BRI 5.5-6.0mm, AERERIE 3.0-4.0mm, ARERIEIL 3.0-3.3 mm, JFFERIE5.5-7.0mm (Yamagutiand Yamasu,
1959),
BELFETN . V7 oA Offf (Yamaguti and Yamasu, 1959) ,
HEBRISAR - FIETE O (Yamaguti and Yamasu, 1959), #E)> 5 OFEERI IR,

5. SRDIIGRNE

Y AJRTIANT, A0 OREB SN ENED A 7 SJADREI I 72v, UL, AT I E -
T, AP AZEMFE LEETIIRNZ L 2R L CW SRR H D, —F, DHRETIE, =1
FADFTFAEMED A T ARTERZ S TN 2 E TIATONZ Z & 0372, REROEL D720 0T H
LEHESND, FRLDLDIZ, YT ax A ST B AT 1959 FTHHE & U CRidk SaL7c %, P
SAVTCVRYY, AARPET A FADFTFAMED A T AR Z T 285113 Tdh 5,

A EEIC A T H 7 B A DIFEE L THE SN IR FET A FHOF4 IR LT, A
JEHE (W&L 7Y 3mm) %< O Boraliote, L CBae 5,

SCHR
Gusev, A. V. 1951. [Parasitic copepods of some marine fishes]. Parazitol. Sb., 13: 394-463. (In Russian).
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>0 U = Carcharias taurus {BAFEH A

Rt ez e [P B Ln U =B ES

(= U U= REOHNE « > R FIRHE TR - B~ U o= =7 R« RYRSLT 7 7 U —
IV RRBKIEEE « L7ZenNbo/KIEE « Al « NSt o — 3T XA A « BERFHEERV ISR - < U
> —)b RO HIE)

Photographic identification surveys of
Sandtiger shark Carcharias taurus at Ogasawara Islands

Masayuki Nakamura', Sho Tanaka?, Reproductive Management Committee for Sandtiger Sharks®

('MARINE WORLD uminonakamichi, *Tokai university, > Noboribetsu Marine Park Nixe, Ibaraki Prefecture
Oarai aquarium, Shinagawa aquarium, Yokohama Hakkeijima Sea Paradise, Marine Science Museum Tokai
University, MARINE WORLD uminonakamichi)

Abstract

Since February 2018, Reproductive Management Committee for Sandtiger sharks has been conducting an individual
identification survey using the photographs of Sandtiger shark, Carcharias taurus, inhabiting the Ogasawara Islands. By
July 2021, 71 individuals (F/M = 36/35) were identified on the right flank image, and 68 individuals (F/M =37/31) were
identified from the left flank image. The number of days when every individual was observed and identified from the
right flank image was 178 days (F/M = 125/53), and that from the left flank image was 175 days (F/M = 131/44),
respectively. The mating season was assumed to be from spring to early summer by the occurrence of mating scars. Also,
their parturition season was estimated to be from late March to early June by checking photographs which showed
identified pregnant females changing their body shape into postpartum. A young of the year Sandtiger shark was
photographed for the first time on April 28, 2021 at Shikahama, Ototo-jima. On July 19, 2021, photo individual
identification list, including 39 individuals on the left flank (F/M = 27/12) and 43 individuals on the right flank (F/M =
28/15) was released to the public (https:/marine-world.jp/shirowani/).

Lixt®iz]

U= Carcharias taurus V%, TMFOMRE SIVARAIBIZ A0 L, BRI RNFEIRBEIT 5 2 & 23
SHU TV A (Gilmore et al., 1983; Gilmore, 1993; Branstetter and Musick, 1994; Pollard et al., 1996; Lucifora et al.,
2002; Dickenetal.,2006), BFETFDOT v U =FFHBEOFERIEL, REERC L 5FENOIAE D | 5k
N R 7 N CERER S SN Y e = 111 {0 SIS AN Y NS i e 2T e Y (L i Gl ek 3P
7RI K VGRS CE 7=, Bansemer and Bennet (2009)i%, A —A b T U 7 HENWAREDI 10U =RBEHIO
WTL IMBES SRR K9 W 8IR Z LR DR AR L, 2 A = LV SR ERE LY
181 {EARZAR AR Uiz, (EASRANC L 0 SEARD ERe/ B AL S RIS R Sh, Mk L
TR IZ AR, A —A BT U 7 BER AL RIROm ) D Wolf Rock il CIEARIIM 268 2L
HIPERTT WolfRock ARt L, FG(RKIRODIRY WA~ LHIPET 5 L #E L T\D, ENTIEL ve
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B - i
U = INEFGERSIZAER U, RET 28X A =D NEHEL | BERBEERE 2> Tnd, L,
BN O MEEIRDOTRFEREE), HPER R S EIR TEIO AR PRI M Thiu TRy, e U =5
i (Reproduction Management Committee for Sandtiger Sharks; RMCS)I%, 2018 422 H LV | [EW#IE 725
BRIC K D2 m U —(EAGHER A hGs), ARE PRI RLOERRZAT > C& T, £ O TR BRI Z 1T
% m U =ORFZERIHELE £ OfRCCEIRICEE LA T O R 2SO THRET 5.

(k1) - HEE]

2018 452 H X W/INERGERREIIZBWT, Hinx A ©r 7y a v 7 con U = BHEIFERORY - SiTo
MR XA e ZIcibon U=y, ¥1 807 a v AL DR SH-Ehl - migROTRiK
AL U7, Beg B - oS e ikl 2 b LI, Bl O 1 3Ff LA g0 L, kg
Y Ay TR L, BEAROMUBER « DK L ORHENG, BARZ1T > T,

[#R]

1A AR5 R

2018 422 A/INEIRAL DT 1 U {RAGER A BALED O | BIHEEAHAE L BNA A B T a v T ~d
N XY 2021 47 HARBUE, 2016 FELIEITHREE S AV Z I\ T, AMRIENR L0 71 EIRMF =
35/36), LIS 30 68 fEHAM/F =31/37) 2 BHATER L 7=, AR S Fu7 @i, 18 Lasse ST
WU MER & BEEH 2 B UL )R &R S A7 AR EAR) & 3 Ve, A IAMAIBERIC & 5 FF
TR L 34 IEUACHARB BT 47.8%)(M/F = 10/24), ZEMANMANC & 2 PEREERAEIARIT 36 IEASGRRaR HE
AELD 52.9%)M/F = 1026) T 7=, KA BRI 25132 TR BRSO, MR L 0 K& g
VRIS, BEEIROAIAAITCIE 28.5%, AR 32.3%I2H0~, MEEAI A AR 66.7%., 2RI 70.3% &
BHEMEAAS R bR 7R L 72(Table 1),

Table 1: 2016 475 2021 AEORIAEATHN S AV TS & PR E AL
Table 1: The number of individuals and reconfirmed individuals identified from photographic images on each flank

side from 2016 to 2021.

TR | FASBERE | EREEREREL (F3R(%) TER | FASERERE | EREREREL |EEER(%)
g g 361 24{E% 66.7% ?; g 37{Ek 26{E( 70.3%
| & 35{ElE 10{El{% 28.5% ||@i| o 3B 10{EI{E 32.3%

Hi TUHEE 34{E{R 47.8% &t 68{E{E 36{EHE 52.9%
24 HER

[ I, B LA S—PE B A E FREN AR LI35AS, (A B CHRERIENE 5 milg et s &
0| AEEAER S AV ER A R RIS R s ST, BIEERZ 1 HE Lz, 2016 & 2017 FicHoe &
BGOSR L & 5 & ARG S BROBEE B33 178 BEM=125/53), ZARIOHR
WHEIT 175 BEM = 131/44) ThH -7, fREBETHURIOZERN RO, HBIE B EI kT LIEEAIL,
FARAIT 29.8%, ZEAAAAN 25.19%1T%F L, MEIEIARIIAANMA 70.2%. 224401 74.9% & MEEAR D@2 B 500 i
(ZE D3> 7(Table2), E7AFIZ L VBRI NIZ BEITGEV DR S oTend, A DB X 28I A DR E 7
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Table 2: 2016 4E)5 2021 4RI AR v U = A

Table 2: The number of days photographed Sandtiger sharks in each year.

1 - L

1451 2016%F 2017 20184 2019%F 2020F 2021%F Total TERBIEE(%)
A
@ 2 1 5 11 6 66 36 125 70.2%
@ & 0 0 13 0 17 23 53 20.8%
Hi 1 5 24 6 83 59 178
%51 20165 20174 20184 20195 20205 20214 Total TERIEE(%)
=
* = 1 4 18 11 60 37 131 74.9%
@ 7 0 0 9 1 14 20 44 25.1%
Hi 1 4 27 12 74 57 175
HE/ SRy AN
KR AT AW VAT

AR & I " RHRNTED, 0B CRBT DIRANE L < . TS IAIICIE 124 oA
K0 69.7%., ZEAMINE 123 14T 703%% 5D, sy S(EEIR) DA AT 42 1:(24%) . ZEAAIAIAS 45 126%) T
bote, RN & 50 BB ORI A G315 &L AIRRITCHE 166 H(EHse 5o 93.3%)., ik
T 168 (BT 96.0%) % 8D, 2 HURAFELBIEAIE CTd o 7-(Table 3), i SAVALiE% Fig.

| e

Table 3: ERBEAHIICEIT 521 U =D ARIORRA 2
Table 3: The number of photographic images of Sandtiger sharks by right and left flank at observed point in

each year from 2016 to 2021.
£l R e | BB
FETFERF] P | vy | PO [ AABT-F| e |BBER)|BS-EE|EFEEH

20164 0 0 0 0 1 0 0 0 1
20174 0 N 0 0 0 0 1 0 5
20184 0 15 0 0 0 0 9 0 24
20194 0 2 0 0 0 0 4 0 6
20204 0 69 0 1 0 0 11 2 83
20214 1 34 2 4 0 1 17 0 59
BERIEH 1 124 2 5 1 1 42 2 178

SRl 134 2 2
BE(%) 75% 24% 1%

2 {418 LB =8

Ws | vy FO#H |ARB7-F| RPORE BHOROE|HS(EE) | E£EH

20164 0 0 0 1 0 0 0 1
20174 B 0 0 0 0 0 0 4
20184 12 0 0 0 0 0 15 27
20194 3 0 0 0 0 0 9 12
20204 68 0 1 0 0 0 5 74
20214 36 2 1 0 1 1 16 57
B R & 123 2 2 1 1 1 45 175
55 1301% 451
(%) 4% 26%
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Fig. I: /NEFGERICIIT B m U =D rE
Fig. 1: Photo shooting place of Sandtiger sharks in Ogasawara Islands.

44 B AR DZREE
e BED 2, TR - BBERERIZIST D1 A OZHitE4 Fig. 2 12, Rse SV % Fig. 3 1R,

G

@)  AEE L N=124(M/F=34/87) mo mg @ AR JLAR N=123(M/F=31/92) go g 2
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30 30
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Fig. 2: RO & 6B HIL Uiz v m U =MEREO RO RRSE B 3k 2821 b
Fig. 2: The number of days photographed Sandtiger sharks by sex in right and left flank at the sunken ship of
Futami port and Otouto-jima in each month.
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TEARCIE, B 7 A5 10 A ICHEERIEEDN U, FRIBHRA R SN~ T, B TIE1 Hn 7
FITHEREE 2 <. 8 AmD 12 BT/ QDT A2ZFEWEN R 67,

oIl Wi

Fig. 3: —_RLENIAROKEE 40m)(/5) & s B FERCKER 20m)(4) CHB SN Y r U =
Fig. 3: Sandtiger sharks observed at the sunken ship in Futami port (WD :water depth 40m) on 20"  Jan. 2021 (left)
and at Shika-hama, Otouto-jima (WD 20m) on 6"  July 2018 (right).

SABATER ) ST PR B R DRREUAIE, W] &

2018 H~2021 4F 6 A E TOFAIIM A, EATRL] SR T T, #3k A e S dv7- PR
RO, W EBEE % Table 4 (R, HiESOEAFHSNC L0 . SHBWERDRE & ibiroB
B, RHCAMWI(EIT 11 A0 1 ANSHNT T, MEREEROES ., TSI RisR ST,

6 MEEIR DA R IRF OB FE BRG]
HEENAR DA WSS 2 (AR S Av7=(Fig. 4).
51 5 RMCS-L13(R17)i&, 2018 £4E-& 2019 42
HREfE L C, BB CHREE S 4172, RMCS-L14(R15)1 %,
2017 4EMD 2021 4E0 5 AERTHKGE L T S,
2017 4ED 5 2019 4200 3 AERNITER T 2021 AE13AT)
O C RPN TR Sz, 2 (BIR O ER E R
REE, S A 30 H25 7 A 15 BiZhizb . &)
DRIEIZHNTTH, KM EFE 2 A7 (Table 5),

RMCS-R15

Fig. 4:2021 45 H 30 IS Hr cllgg sz
aEloi 2 el HlEN

Fig. 4: Female Sandtiger shark with mating scars at
the Sunken ship in Futami port on 30" May 2021.
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Table 4: V77 =D FESEIROMERSHT & MeaSp] (MERE - 22400
Table 4: Occurrence point and times of each re-confirmed individual by sex in right and left flank from 2018 to 2021.
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Table 5: > 71 7 = HE(EHARD A IR
Table 5: The time at the occurrence of fresh mating scars of female Sandtiger sharks.

AT 2017 4F 2018 4F 2019 4F 2021 4F

RMCS-L13(RMCS-R17) O/17(5555) * 712(5655) 6/27(H5 )

RMCS-L14(RMCS-R15) 612305 | 61230 E) « TR(ERE) 71256 155) 5/30(7kA)
7/6(55 k55) T/15(56555)
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T IR EIAR DR

AT, AR L Qe 3 RS, HPERRI SRR S, AR D RMCS-L35(R33)75 2021 4 1
H 4 BUART, RMCS-L27(R26)2% 2021 43 A 20 HEBEEERT, RMCS-L7 232020 4F 12 A 30 HIAAR T
e Shu, HHPERIZ RMCS-L35(R33)43 2021 4F6 H 18 HILAR. RMCS-L27(R26)%3 2021 426 H 12 H K
PE R E ARG, RMCS-L7 28 2021 4F 6 H 18 HIMAR TR IS4/, 3 EIARDIHNR-HPER O ftsk L
0. INEEFERO Y e U = HERENE 3 A MRS 6 H HA EHERI X7 (Fig. 5).

AT

RMCS-R33

HER

RMCS-L35 RMCS-R33(L35)

20216118 xftt

RMCSI127 B RMCS-L27(R26)

’5‘9‘/
20620 HSER ©) x4 L85

2021/6/12 b E 2 A E4R

RMCS-L No.7
RMCS-L No.7

2021/6/18 S48

2020112430 Z0AE

Fig. 5: Hies SAV AR & HipER D~ m U {8k
Fig. 5: Three identified female sharks to be clearly pregnant and postpartum.

8AHEAFENOMRDIRE

2021 44 H 28 A, B EIEEROTRRE OV CAHAE
FIOBMREA, 2EH 1.0m)H3, &A1 /3—(C
X WO TR ST=(Fig. 6), AFEITARE 1m T
A5 Z L DN ATV A (Gilmore et al., 1983) 2
& D Yk &I LT,

4 ‘ O T
O/ INER L v U AR # 1 7 DB

2021427 H 19 H, ##fitsnicom U =@ L v
EATEL S A7z, ZEAAE g 39 [EHARM/F = 12/27),
AR 43 fE K MF = 15128) % — fiX 22 B
(https://marine-world jp/shirowani/) L, & 51, [
GO W12 FFONT T,

[0 1]

Fig. 6: 2021 4= 4 H 28 HIZef S Tl Sz
D= RVA=N Y5V N

Fig. 6: Young of the year Sandtiger shark photographed
at Shika-hama, Otouto-jima on 28" April 2021,

Bansemer and Bennet (2008) DEIIZ L 52w U =AAHRIEIAZ LV | Moo A v 7 va v T Dl
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DNV 2018 -2 H K 0/ IMEFREROR Ba ik Iz o U = i L 0 | (EASIE FAE %
D, 2021 427 ARE TIT, AARMIEL 71 ERMF = 35/36), 2RI 68 EIARM/F = 31/37) & (EA5H%
U7z, AR SNIZZ & T, U =OFHEALIT Ch 2 WIS L BRI 5, BEEOR
WIEDAD TR STz, ZA BTV a v 7T, RETHBUEA A =B A, FTE
T HRMAC, M B OURRE RN D, BRx A B T RA  MZEN L TS, RFHI SR
W, e =08RonARA Y e LTEELTEBY, vrU=p0eW i, 44 er 7Rg
v R E LTRSS, BEBERICRY MET S Z L1E, fETER, 4 RIOFIL, #k
L CTHRE SNl %2 & S \BASERZAT o 72720, XA B 7Y a v 7O MEAd 5 — Rk
FETAHHETH. AV R CRRET < OKIE 1L.5Sm) &gk T 5408, BB SN TV AN, AJHECIE
BIZAE L UGS TR, ANERGER Y 1 U = ORI, MEHEROAZRRFOBAGE L Y | F
SHIEIZONT T TH T2, v U =AZRFEORAEL 3 » A T5elh9 % (Bansemer and Bennet, 2008) & =041,
Al U TS FRERIHE < LS R S22~ T2 2 L D ISR RO ATRENME & 7% 5, HHPEREIE,
IEHREIAD S & HPER OB L 0 . 3 H b 6 H s Shni-, 2021 454 H 28 B, BT
OIFFEANC, Wik LT Mk ORI THRE Sz, AR MBI & HEE HHPERETI X,
HEF—BLT, vr U =REHIC AR LTS RS HIOIREAEEHIE, 7K 200m DA O KL+
WChb, ZOWT, /INEFEBIT, KiEE L HEX (T2 2 ENEN, LRI ChH D, HE
B A - RERASFIE, KR 200m OYFECREALE 130km (230720 j855E L CUND 23, 2 DJEFHIFKE
1,000m OB VKGEIZHHENT-ING CTH D, BIEBENE L TAH—2 b7 U 7 A G iR 21 =
U7=BE 5, HPEdEE & T 500km O E)(Bansemer and Bennet, 2009), 757" 7 U A HFnENFClE, 4
HRHAZ108 U 7=l O, HHPEEER 3 T 2.6km day™! OBEN N 4TS (Dicken 5, 2006a), A1EHT]
D THASAD, RIS 07 ) VK FEREE TR 10km B2 28 BB Tt S22 & &0,
N r U =THRONDREN G HPERH R IR BT 5 B9k L e o 7o, /IMERGEERIR A 0%
SRR ODTFENR TNR ST, A LRET D EA N—DWHESN S, (EASHSFAEZ Mk L, /)
SRR IS 1 T = DAE S AR5,

e
ARREEATOICHIZY . THITES £ LT/ NI S, /INERZ A e et Rl =,
/NEFFBOEHROERRC, TRHOREZR L, BRI T ATEE £ LI RCISILR LETE T, fr
(CHEZ < O A ZIRATAE F UIZmRRRIE LA LTS3, /MRS 1 U =(8AGHE R
(3, (D) AABWIRDK IR I AT RS > TIT P TV E T

5 FHSCER
Bansemer, C.S. and M.B. Bennett. 2008. Multi-year validation of photographic identification of grey nurse sharks,
Carcharias taurus, and applications for non-invasive conservation research. Mar. Freshw. Res., 59:322-331.
Bansemer, C.S. and M.B. Bennett. 2009. Reproductive periodicity, localized movements and behavioral segregation of
pregnant Carcharias taurus at Wolf Rock, southeast Queensland, Australia. Mar. Ecol. Prog. Ser., 374:215-227.
Branstetter, S. and J.A. Musick. 1994. Age and growth estimates for the sand tiger in the North Atlantic Ocean. Trans.
Am. Fish. Soc., 123: 242-254.
Dicken, M.L., A.J. Booth, and M.J. Smale. 2006. Spital and seasonal distribution patterns of the ragged-tooth shark
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Carcharias taurus along the coast of South Africa. Aft. J. Mar. Sci., 28(3):603-616.

Gilmore, R.G. 1993. Reproductive biology of lamnoid sharks. Environ. Biol. Fish., 38:95-114.

Gilmore, R.G., J.W. Dodeill, and P.A. Linley. 1983. Reproduction and embryonic development of the sand tiger shark,
Odontaspis taurus (Rafinesque). Fish. Bull., 81(2):201-225.

Licifira, L.O., R.C. Menni, and A.H. Escalante. 2002. Reproductive ecology and abundance of the sand tiger shark,
Carcharias taurus, from the southwest Atlantic. JCES J. Mar. Sci., 59:553-561.

Pollard, D.A., M.P. Lincoln Smith, and A.K. Smith. 1996. The biology and conservation status of the grey nurse shark
(Carcharias taurus Rafinesque 1810) in New South Wales, Australia. Aquat. Conserv. Mar. Freshw. Ecosyst..
6:1-20.
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BB REDSF LV TOMSEE X 2. 5 Squalomix 22 Y — 7 A

T8 BE (ENmE 7 tseit 77 & - EUgeR S fAEmSeE)

Squalomix: consortium for genome-wide molecular biology on chondrichthyans
Shigehiro Kuraku (Molecular Life History Laboratory, Department of Genomics and Evolutionary Biology,
National Institute of Genetics)

MOTA AL L= g VEHFTZOIE, A>T SORLTRE TR0 HOMMEZ 7200 LILZe,
7Ty 7 EHE BGM IX& 2 LIKSEE T, £ORCBIZEINIZOE, e a0y 7Y
> 7 CHHAERH ISR T R A B IR SO D KB CO 2 L 2o Te, 20, BIETT
7 XV —DBR N F— o T R D TSI O T, AR A IS < clE T DRSO LB
L, B AEICE 2N, Ak RRTCIEEA L LTIRbND Y Y AT EIILH L LT,
WE TR B T BIZ OW COREIDR & & SN TW DI IETIER LS, RE R TR O
FASEAAES O 2 THBRI XEEDITTTE, L.

7 ) DEBNDIERIT, & ZHORBWE R — 7 = A gk CHOD RZT2WHED DR Z T ND D&
TWVIUZOODHTL D HD7EE BT e, L, 3855 Th, SHRF-TH, FlEi7ZFEHI T
<HbOD, FHHTE HRABADOLRT ) MERITHTI 220, FIEYY A U FFICo0TL, 52l
F<72WCE L, BB CHERNY YV —ASNTWEIZ bbb LT, Thd, D%, BWisT, B
DOIGEET hZ ¥ A (Scyliorhinus torazame) DA ) L —7 T ANZEF LTz, EEICH, Bif]E 0
WMiA K w7 & BRI EHOMEE (/L7 HiSeql500) 23HFOAFZERIZ, & LT 7 AMVEREEIN L
TWD/KAE (FEFCDB (M) OBRRE Y — & —OWFFEENVERD) 23 Uz H 25, &0 )R EE
iz, 0%, KRBBIEEEDOZ KL DI 1A XA (Chiloscyllium punctatum) DA ) I2—7 T A
WCHEF L, 7 LA X ({ilfd -0 O—(#HA&550 DNA ORIEIERE) 23t ho 2 (5 ELHD T
WA TITET L7220 (B M T332 FHHEIATK LT I ATIL 6.7 R, FERAFEATOHLETL
ToA P A TIEAEL TN, WROIICE L. (fF XFRADF ) AYA N3 47 ¥, EHo b
W DEINA 2 TWFENT D AT v T2tk B 72030, HIrEHHD DNA filitiE 7 2787 ) 47
DR EUTHLRT, RERANC, UL DONEE CRERRUEED DA 2 BTHEEW 7 ) Db L 7aoT, ¥
3 — VTR £ =8 ) — REPEOI[FETF— LN — 7 T A LN T ' T VIR E etiED LMD B -
7o _T WA (Rhincodon typus) (Read et al., 2017) 1Z2OWTC, MASNIAT =2 ZEF LT T
U LB LTS R 2 BB U, Fiie OO0y TP it 217 - T 2018 4RICE DR Z iR L 72 (Haraetal.,
2018), A ClIAMHIBL A2 B E LT DBROEE T L 7o 7 Hi-C 54 Fafk L CBEIZ B R CfEH
LT (Yamaguchi etal, 2021a), ZOREITIIAREZ ST, o7 A L X—DRBIDHHHZ-H7273
UL, LWV ZEBRWTERL, REWNTETYRAARRICEE RIF2H0 TR 7 8 ORETHRDIZ
HEL X9 LW ChHh- 72, BT, Vo _TH ATONTEL, bR E TRl 2ben
MDA > T LE ST, HIRICIENT - T 2017 4EI2Y 3 — VT KIREE & = U — KO
ZEE AT L, HO OB BRI 2 A LW, I < Bk S FHEORIICH, T E TORKSE
HIH A 7B OB 2 7% 3 = L 3 CT& 7= (Tanetal, 2021),
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R TR LA XY AT, ROZERFFADIRE Lo Wil s L TR TGRAZ L2720
7R, WERICOWTESRIION, L0 IREIARFEOZERIEICOWNT, &by, HROAHTCHg fIC
ED VST BNRANT HIVTNDNIDONT, KD BEZS K9 Ilkeole, Yo "= AL TS, &7
J WE#RE S LIRS R0 G T OBSRE L YR COARE L OBIRA I TH W (Lm - 1T44
2020), F ST ZOFENBED A Y DI 572 L WV o TR, T 2Bl b & ik a D 512872 D Al
& Lo, ThOEMED ) MIBRERE SO THEA TS, | EWVHEZTIIRL, TR U
Tho THEEPEDIUE, BT EMIOWTERIDOERE G2 TND, EOLEYEDT 7 LES
TG 5T TR <, Blbdlia O TR @O EASGE T 2R IR E V| LW ) B TH D, 4]
70 MERN S D EESOINVTRTAHRIZD, AOOMY 720y ahEked 2 N ESIHRIE R T
B HALTTN 2 &0 ) VR A L2 & WD) NI 7R 2WETTE, SoTHUL, 7/ AEHICEEED
SHINEE A ERVDITE MRS TH D,

XC, [EBREBNCGEEERE L, BAGECIIR S E755 N 2 E ORWERIZOWTE D THD,
Z IS BNT, B SIVTWDAEMZRME R U HRSA T —A LRI 5 LWV ) KUE,
ZLT, 7 LESINERIC IS W THE LT BBk A = 7 v R & U TR & s 2 & OFZMED
b &> TET, ZNHDOERMPFEE - T, 2019 42 Earth BioGenome Project (EBP) 723 E=UZ%E L7z

(Lewin et al,, 2018), EBP Hi&IX 1 2D =2V — 7 AT, ERRHIRTE, F7-, AW Licse
T = 2 AEED TS Ay =T A ONEDITRNRL [T o717 E LTUHEEL TS (X
1)y DY 73 N=T KEFET—E A (UCDavis) D% Harris Lewin t-E3 L E 72> T, 7 Ao—7
T A LEFFIT O TR DN COMFEREBESET 5 L & bIZ, TV N7y NOSERUEZ R4 % 21
DE—{bZ K> T\ 5, 2021 46 HFREST, 22 ZEO 40 L E7v =7 "L TEY, BADDLI,
2021 49 AEUE, BMLFRFIeA A ase Rl it o 2 — (EEORTAKSE) &3S DNA BFZETD I
DIMEIERE & L T4 &R D,

FEHROWMTEETIE, TO%, WY BTN SR UET 5 2 & & & IZEM L T 5d
ZHAOC LT 72 (RIEHEY A M3, https:/github.com/Squalomix/info | ZFeak UFERERTHET) , £7z, AT~ A
WA (Megachasma pelagios) DRSS, IRIEIZHIRT 2 D7/ A (Cetorhinus maximus) DV HEAAEL

(Y EDy, 2015) IZHEENZ, ZTAFE TS, BREMEIZOWTE, 272 BLSD 12 BIZoW T2
&Y | FECOREHERE 7227 V7 b— AR IIEREBIGT HICE 572, DNA v —7 = A%
FEIZHED T E To D TR T, FEAESCHULRIT DU T ORI S < ZHOILFEIFTRIC SRR
L7= (i, Imasekietal,2019; Okamoto etal.,2017), ZOIEENZHFD EZNETH R TEH BT
£oiz, 2 y—y 7 AL LT ISqualomix] &4 L, 2020 45 11 HIZ EFEo EBP (A L7z (Kuraku,
2021), HERARIRIZEATWDIMD ) — 7 K& 1T, BEEICHIT HERRBAEIS L, AW
B U CHR O G ffi D27 ) AESNERORI BT & 2 ORI fStEE B L Q1 5, KIREEDO R
NOFHINT TZREIRE LTI & 9 FHEFIC AT Lo WAERGEHC B E L EFdUEDy, 20195 R
1E0y, 2019), 7 MEAIETEFT 57200 TlEiel, 7 DYA RORESCEASET &\ 5 fila s V7R
A OIREHERPEFFCEX 52 (Unoetal,2020), LT, hTV AT VT ML ) AEo
7o, 77 MMERIEBLO A J1 = X DA DRI ATRE &L 72> TWD Z LAY (i, Onimaruetal,2021), iD=
V=T KL TR D Squalomix DIRATH D EHA LTV,
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Fr7Ls | B
Earth 7 Sl
BioGenome &' EARTH
g *BIOGENOME
(E08) PROJECT

sequencing life for the fulure o ife

HEPAMOREPHIBOBHE L, HREVBOBELREL,
BTHEORBFERTE LI, £ET ST/ ARTIOWEZFE

=S Vertebrate Genomes [l Darwin Tree of Life

Project (VGP) Squalomix suinice DNA Zoo

X1 £ES ) bi—J TR — T Ak Earth BioGenome Project (EBP) DBH% : EBP L, AN S TS
Nz Tay—o7 o) oA (SESTS 170715 ) ORESHOERES, KoV — 7 AOEEIZONTHE
Bk bl Tidiany, 22, EBPITHIRT 540 LI LD Y —2 T LD H H—i5DI% & O T=(IEAH T RONER
\ZEMWITAY) , BRI EFE T8 % Erich Jarvis 17338 V% Vertebrate Genomes Project(VGP) 13 HI7at885o> s
— T AR SATEIATHIR L, 2FHEWIRE SO\ CRaSREIE DA ) LEBIERD Y ) — A% HHE L TV 5 (Rhie
etal, 2021), o H—WFEATOD Mark Blaxter {87735 Y% Darwin Tree of Life(DToL) 13, HRECART 2EZAYEHE
ERRLET D, FEDOFND Squalomix 1, HREHFAD2)CT HFRFFIIZIIZEHE Lo VS AASIHC AR L 20
[E TS HAMEASE N & B2 SNARCES L TW%, Zhbma Y — 7 MSREIORRZ il L Tk L1
DIFRIUFEAT > TODDITHE L, DNAZoo 13, METATFHNIBHZAR SHZ FZ 7 MR L, B 5 OffF R
AT EUG LY OB BEMTE T 24T > QD — AR, 202 Y —3 T AOEERHATHS Erez
Lieberman-Aiden f#-0RF%E2EI236V Y C Hi-C 77— # BUSOFENNE R /272D Th 2, A Y —U 7 AT, 290
T-BSEROEHEFN B S 5 2 LITNR, FEND AL Y —3 T DVERES DRI I3 — Z IO
TORFRH DT80, ZNHER LS X CHRIIE U CRHIAT2 Z ENEETH D, FEEMEL, FIFOBIIILHT
FET DIEECEREERE A U, FFa &t CRosCHINCT DB8I3A— 7" 707 — 2 AN~k Ak~ 5 L9 1c LT
Do

T TE, LR E A R A R SR O W /1 C, 7 A=A (Hemitrygon akajei) DY 7Y
7 EATV,  Pacific BioSciences £ED Sequel e 3 —7 = W&o 2s ) AL —F U AE)NT S
DNA WFFEAT & R CIT 572, BARENTZ Of%E V200 1 LSV OfifNT 1T > CTOAAEE 12T, 1B
\ZERC e U THRT DRNAS DB G A R 72 < FEFCHEiF 28D T D 2021 42 9 HREE
Mo IO TRIFHFRATHLT, AVIFHOVATLEF LIz a— ) — R — VU ATEFELE
BRI B, Bl KiEIdEAx L7=, Pacific BioSciences £ HiFi = > 7'V — K& WD &, 72o7=21 2D
7 I DNA AT TV —7 AT LT THol S, 56172 DNA BSIZREADELT &
YTV, TR AP A XN IHERERIOVREDTHHSTH, HOIREDARY 7 DT —J A7 —
vary (fl, Xeon 7t w48 27, AEV ITB) ET, ool M THETDLIENTES, Wb
% PC ThHoTHEANy Z72b1E (B, IntelCoreid 7’1k v, AE U 128GB), #H T LMD
BT, va— M) —RRUIE, A h— MNRO®RRD 4, STEEDODNA 7477 U ZREL, 7Tk
7 VICEOER Do T, T 5 &, BROHRITSIRO Z &, RS ROV S Tn0D, 72
72, FERTFENT TOEEIT 200809 ERIFEV Z OV IFRTIF L, rUZ U —RHETE, & <ITEH
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® DNA ZFZitd 25 L0 ) — /L haRFZRATANEGENT D, LD 2 EARE L TR
AU BT,

ZIVE CTOMTHERIZ OV TR &, FU [fJEH THO 2030, WERHEEITRE < Bed
B HJEORHEID I < RVZ &N T, FRICIEL X IIREVNLOO, ALRLRYT ) A A X, &
W THEGERE, 2 LC, F 7 AHITIEONZ 22 BOKIEES e ERZE DR G FHITH D (Hara et al,,
2018; #&aiiE Kuraku, 2021), A7 B AZOWTE, FEREISE s R0 L, FEERENOUIY
ARG MVESRRMESETOND DKL, #EfdE, & ITHEE T, BB T Tl TR Y,
MRS ~DERIFEDGTE > TND Z EDVRE SIS (Yamaguchi etal, 2021b), ML TEIHILH U D
DOFETIE, A7 O THIRUCED S v K72 v ORI RS, R bR £ T &
IV LHEENDWE (|480 7/ A—FV) 7 hLTWb (IT—r7 k) Lwvwo ;s lip - T
%5 2020), ZOBGUT, TNFETHANZHTX N T ATHE THS (Haraetal,2018), ¥ T AD
0 R 7 AT RRRICHE CONZRA~DTF 2—= IR END0, 15EH2 8 24T 5 il COTEBIOEE
(ZHANERS 2 BT D X 9 72, BB SO T b DU X A P2 AR O0y THERE 2 1845 L 7= ATREMED B D (38
FUEH),, DR R LD &, BIFREOSETIE B E 2o TR Y, MOBIAFREOH S &k
BT OiE S T EBRIOZ & EHEE ST D Naylor B, FAMF), ZOINL LTRHET, Fox
NELHDY o _REF A [HLE ] BEDL L INT=DD, ZHEH BTSRRI
THIRTZHED TN D, AR aW A (Carcharodon carcharias) D77 ) AESRZHE Ui—iasaiy, KA
(ECEFF LD THIN D ITB B 72O DTN E £ CTUEAY (Marraetal, 2019), ool fdE & b9~
ZERUIATONZ LICHEZE T T, ZatEfi L7 (Yamaguchi and Kuraku, 2021), [RAROORTEIZ
bk D, VR RAEFIRE LI T, BIFOREBIEOOEDTHD N7 7 A (Stegostoma
tigrinum) HERSIFOLESSGE U TR, TORDOAEYS ) MMEHE LS U T2 DT 5,

W TIZ, Squalomix DA CH H%EH OWFFERIT, AERFCOTEBAHIZ Y% LoD, 2021 4
4 H BT R R = B OENCE AT RS 2R 2 1T L TV EDNE 72 o7z (WFFEEEAR
— A — 0 hitps://www.treethinkers.info/) , 5% S, HAR D CIXOAMREREIAIEH L7223 b, HHE A
F55UNT DNA BlFIZfrs 2 Z LI2 Kk, AZARIEDRY N2 H &4 25060 D584 il 2D T <
FEITCH D, ZHUTH T2 DI, BT/ A N— CREREE, RARY) 227 AL S D,
Y FAEROVETR I % HEFEOARRERO KRBT — & OFIH 2 5 BRI 2 4LRIFIRIZ oW T h, R
FUFARERIEAN & U T2 202 A TFEESHE ST D DT (https://bit ly/3iaz8Mu) , #8E AR V=272
TV, RERBDONRY DEEDT 2 6% 9 ThA D7y, T 2 TR LITEEN TR E S#IELS N OEMIC
DWTOWFFEDME S THl 2 Ltd TE ZHIRINE -T2, Wb b~ A T —AORZ i demn Btz
XA DI, HIFOERBIGC T 280, ZhpshEZR Lo X IS b BTN, BISROMRES P
ZOVEEEROHCIERT 2R b o7, LnL, < DOHAx D THIOEINS T, AEZ AT 18
HIEHINTEDDH D, W0y [HEHIEEZEO T D Z EFHEM OB LA SN~ 7)) EfaiR
STEAD LD 2%, KIFHEOHEMDIT % L L7223 DD T E T, B D)y 15 R0
) BONEFACA T =R L, ZUT, S FH#EHE & FmoBfe/2 Y, FIS LGB SAb 5.

e
AERDTER 2 3 2 TOD P ERFOIIFEED A L S—ITNA T, @Bt < 728 o 72ffE, 7205,
REHmEEE, HHEE DUE/KIREE, 727 7 U —/v NRUE, SCKIERE, B Bk, SE~ ) T R,
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FRFWERI A RRE, 707~ o5 LE, FBOKER, 2L 7T BEHboT — 2 G254
TR ZAHRRIC TR e TSR R (1R, Bt (FBDR), (hpgcridit: (R
IR, HHREEL CGRIER), Y8R GfR), St GO, SHBAdEL CRIRHSZR),

AMIDEIEREE ORBRIINEK), Vet (iise SWEKIRRE - TilsE b BV GItE s 2 —), B
FETHEL (B BEAR), RS (WS O B GIstE 2 —), PERTEREE OBRafili#E) ,
A e JEER), HORTEE S5IC, DNA BFHEHREYHI DWW T IR I & W L7mssee
THEE (O3S DNA BEET), FZEERL B CSRS), HEM=E 74t BREF CSRS), #HMal&tha i
T, St~ e Y r s DR, ARV g RRASHE, P I-TUSS F e AR
f, St —o g BLE, IBERRE) (23K SIS LET, Aoy —o T MBS
DHFFEE, AASHRIE D OREIEEAE: (et 7 232 16H06279 F6 KLU THARNIFE B)
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Isotopic insights into enigmatic elasmobranchs: promise and pitfalls

Alex S. J. Wyatt
(Department of Ocean Science, The Hong Kong University of Science and Technology)

Isotope analyses show great promise as an exciting avenue for researchers wanting to unravel a range of mysteries
regarding where, and on what, elasmobranchs feed as species and individuals. Although the application of stable isotopes
to ecological work is well established, this piece briefly outlines several of the ways that isotope ecology can be
considered as a frontier in shark research. While interest in applying isotope approaches to the trophic ecology of
elasmobranchs, and more broadly across organisms and habitats, has been rapidly increasing, there are a number of
pitfalls that young elasmobranch researchers should consider when delving into the field of isotope ecology. Isotopes can
be particularly informative when studying enigmatic species that are hard to observe. Indeed, for such species, isotopes
might provide a researcher with their only feeding insights, especially if traditional feeding observations or captive
feeding experiments are impossible. However, caution is needed to account for the influence of physiology and
metabolism on tissue isotopes independent of diet, which can be particularly pronounced in elasmobranchs due to tissue
retention of urea and trimethylamine oxide (TMAO). Below I will highlight some recent findings on the application of
isotopes to elasmobranch ecology based on our case study from the whale shark Rhincodon typus in Okinawa'. I hope
beginners in the field will uncover some useful advice, including some pitfalls to avoid and promising avenues for future

applications to other elasmobranch species of interest.

‘What are isotopes anyway?

To answer this, we need to delve briefly into basic chemistry before we come back to elasmobranch ecology. Put
simply, isotopes are nuclei of the same element (i.e., atoms with the same number of protons) that have a differing number
of neutrons in the nucleus. The word ‘isotopes’ derives from Greek meaning ‘equal places’, which refers to the fact that
isotopes have the same number of protons, so they occupy the same spot in the periodic table of elements. For example,
all atoms of the element carbon (C) has six protons, but can be one of two stable isotopes (more on stability shortly): the
light and abundant carbon-12 (*C) and the heavy and rare carbon-13 (**C). In most light elements (those near the top of
the periodic table), one isotope strongly dominates the others; in the case of carbon, 98.98 % exists as '2C compared to
just 1.11 % as "*C. For the eagle-eyed, the missing <0.1 % of carbon exists as carbon-14 (**C), which is a radioisotope of
carbon, meaning it is unstable and decays with time. This contrasts with the stable isotopes that are, as the name suggests,
stable over time and do not decay. Radioisotopes have many exciting applications in elasmobranch ecology and are the
subject of a growing body of research, but we will focus here on the stable isotopes. The important take away is that
isotopes of an element are qualitatively the same, they behave the same in chemical reactions, but are quantitatively
different due to their differences in mass resulting from the differing numbers of neutrons. This mass difference means
that the products of biological processes tend to be more concentrated in lighter isotopes of an element. We can thus
measure the ratios of light and heavy isotopes, expressed as permille (%o), in organism tissues to infer information about
the source of nutrients forming tissues and the flow of energy through the food web. The basic premise of isotope ecology

can be distilled to the idea that “you are what you eat, plus a few permille”. As always, the devil is in the detail, and the
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“few permille” varies greatly across elements, organisms and environments. To bring us back to our main interest in
elasmobranch ecology, without getting too bogged down in the chemistry, the takeaway is: consumers’ tissue stable
isotopes tend to be predictably offset from the isotope ratios in their prey and can thus be used to infer aspects of trophic
ecology, such as an organism’s diet and its trophic positions in the food chain. Interested readers are referred to Brian
Fry’s excellent introductory text on Stable Isotope Ecology (2006, Springer)” for more information on the foundations of

isotope ecology.

‘What can we learn from isotopes about elasmobranch ecology?

With colleagues at the University of Tokyo and Okinawa Churaumi Aquarium, we recently published a quantitative
approach in Ecological Monographs' on the application of a multi-tissue, multi-isotope approaches to assessments of
dietary variation in elasmobranchs. The study focused on validating the approach using multiple tissues from the world’s
largest fish, the whale shark Rhinchodon typus, but the major findings are broadly applicable to other species and diet
specialisation more generally. Isotope analyses of both captive and wild R. #ypus allowed us to demonstrate: (1) consistent
specialization by individuals on either coastal or oceanic food resources (Fig. 1a and Fig. 2a), and (2) preliminary
evidence of unexpected (‘cryptic’) levels of herbivory in a nominally carivorous species (Fig. 2b). This work provides
an illustrative case study on the promising insights isotopes can offer the elasmobranch ecologist, but also highlights

some potential pitfalls if isotopes are not carefully measured and interpreted.

Pitfall #1: elasmobranch tissue isotope analysis can be confounded by lipid and urea contamination.

Lipid removal from muscle tissues prior

to isotope analysis is often advisable because (a)
lipids are "“C-depleted, so lead to more
depressed carbon-13 measurements than for

pure proteins. See for example the low *C

-5 )
y X Oceanic coh
4 £ R T@
7 \Y 3 &%

value in one of our R. #ypus muscle samples
in Fig. 2a. While the influence of lipids on

13C measurements can be mathematically

corrected after analysis based on carbon-to-
nitrogen ratios, with increasing values
indicating increasing lipid content, this can
be confounded in elasmobranchs where

Low |

carbon-to-nitrogen ratios are also altered by e preed

triglyceride

the presence of urea and TMAO in tissues.

Both these substances are depleted in the Fig. 1: Evidence of individual-level variation in foraging strategies

heavy isotope of nitrogen (N, but luckily, and fasting based on isotope and blood health analyses of Okinawan

R. yppus. (a) Nitrogen isotopes distinguished coastal and oceanic foragers,
while (b) blood health tests showed 3 of 8 individuals had begun to starve,

as they are highly soluble, they can be

removed from tissues with simple rinsing.

.. . . i ing ti i .B ttet al.l.
Lipids can also be removed with a variety of influencing tissue isotopes. Based on Wyatt e

solvents, with a chloroform/methanol rinse been shown to be effective. It is very important to minimise the confounding
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influence of both lipids and urea/TMAO, such as combined solvent and water rinses, before interpreting elasmobranch

isotope ratios measured in muscle tissues.

Pitfall #2: isotopic offsets between prey and consumers can be highly variable.

As outlined above, stable isotope ecology is based on the premise that consumer tissue isotopes reflect their prey plus
“a few permille”. Although this offset, sometimes call a diet-tissue discrimination factor, is often assumed to be fixed in
isotope studies, it in fact varies greatly between species, diet types and environments, or even within individuals
depending on the tissue type or growth rates. In the case of the R. #ypus in Okinawa Churaumi Aquarium, we were able
to demonstrate that growth rates and fasting altered the nitrogen offset by several permille, which has the potential to
confound ecological studies that assume a fixed nitrogen offset of ~3 %o for nitrogen. This might be especially important
for pelagic elasmobranchs that undergo significant fasting during their ocean-basin scale migrations (Fig. 1b).

Pitfall #3: isotopes provide tissue-specific temporal averages of diets.

One of the great aspects of isotope analyses is that tissue isotopes integrate feeding over a period of time, rather than
providing a single ‘snapshot’ of diet at the time of observation or sampling, such as can be obtained from gut contents.
However, the choice of tissue to sample in elasmobranch isotope studies is fraught with danger, particularly because we
are often constrained to sampling tissues that can easily be obtained non-lethally from threatened or protected species. In
the case of R. fypus for example, fin clippings of cartilage material represent an easily sampled tissue, but our captive
results revealed that the turnover time of this material, in what is the largest-bodied fish in the ocean, could approach 3
years — so the temporal window from fin cartilage is very long. Even a “fast” turnover tissue such as bloody plasma had
a turnover of 9 months due to R. fpus’ extreme body size, suggesting that diet changes over short temporal windows,

such as seasonally, could be very difficult to detect in larger elasmobranchs using common tissue isotopes. One solution

Food web levels

@Q
D

&

q-

Fig. 2: Demonstration of the approach for isotopically quantifying (a)
resource use through time with multi-tissue isotopes and (b) ‘cryptic
herbivory’ in nominally carnivorous elasmobranchs using amino acid
isotopes. Here, focusing on whale sharks, low trophic positions (TP) in all 5
individual sharks (TP ~2.2 to 2.6) studied off Okinawa suggested significant
consumption of algal material (TP ~ 1) across both oceanic and coastal food
webs. If globally prevalent, this would imply the species may need to be re-
classified from a carnivore (TP ~ 3 +) to an omnivore (TP ~ 2-3). Based on
Whyattetal.l.

Prey 813C (%)
¢ 4 4 & B
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to tissue turnover complications is to sample multiple tissues from each individual, thereby establishing a temporal picture
of feeding from a single individual at one point in time. A demonstration of this approach is shown in Fig. 2a based on
our Okinawan R. typus work, where sampling of tissues across a fast to slow continuum (plasma, muscle and fin) revealed
that specialization on coastal versus oceanic resources was consistent over time within individuals, based on either high

or low nitrogen isotopes, respectively, across tissues.

Pitfall #4: source isotopes at the base of food webs vary greatly in space and time.

The accuracy of isotope approaches depends on understanding, or better yet accurately quantifying, isotope variations
in all potential prey. These prey isotopes in turn reflect changes in primary producer isotopes (called the ‘isotopic
baseline’) across a range of spatiotemporal scales. Measuring the isotopic baseline over the temporal and spatial scales
captured in tissue isotopes is likely to be impossible, especially for wide-ranging, slow turnover species like R. typus. As
an alternative to such labour intensive and expensive food source sampling, we can use more advanced isotope tracers to
infer the isotopic baseline as recorded in organisms’ tissues. One such approach is compound-specific isotope analysis of
amino acids (CSIA-AA). These analyses are based on the observation that some AAs, termed ‘source’ or ‘essential’ AAs,
are subject to negligible or more predictable alteration as material flows through a food web. Thus, at its coarsest level,
CSIA-AA of an organism’s tissue can identify the source of carbon or nitrogen at the base of the food web. By comparing
AAs we can also calculate a chemical estimate of trophic positions in the food web. In the case of our R. #ypus samples,
CSIA-AA suggested low trophic positions that were suggestive of a more herbivorous diet (Fig. 2b). This cryptic
herbivory might be more globally widespread in R. #ypus facing food shortages, and has been demonstrated in another
camivorous shark, the bonnethead (Sphyrna tiburo)’. Determining how widespread cryptic herbivory is, in
elasmobranchs and other taxa, and whether it represents a response to food limitations, will be an exciting avenue of

future research using CSIA-AA going forward.

Despite the pitfalls, careful application of isotope approaches offers valuable insights into important questions in
elasmobranch ecology. I would encourage young elasmobranch researchers to explore how isotopes might help answer
important questions in their own species of interest, or even motivate new, unexpected research directions such as our
isotopic investigation of cryptic herbivory in R. #ypus. Carefully applied isotope analyses certainly offer great promise of

advancing the frontiers of shark research.
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