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Study on the development from embryo to adult stages in the Naru eagle ray,
Aetobatus narutobiei, in the western Seto Inland Sea
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Abstract: Since the beginning of the 21st century, the Naru eagle ray (detobatus narutobiei) has been found
to be distributed in large numbers in the western sea regions of Japan. Moreover, it has been exterminated
as it feeds on beneficial shellfish. It is an ovoviviparous ray, and ecological studies on this species have been
carried out around the Japanese coast; however, the developmental stages in the life of the Naru eagle ray
have not been reported yet. Based on our research in the western Seto Inland Sea, Japan, from 2004 to
2012 on a total of 368 embryos (uterus larvae) and 985 free-swimming individuals, we identified the
developmental stages of this ray according to those of marine teleosts (stages: egg, larva, juvenile, young,
immature, and mature). As a result, the Naru eagle ray embryo was found to develop from an egg and pass
through the juvenile to the young stage in the uterus of the female parent, where it utilizes the yolk and
ingests the uterine milk through the trophonemata. Before birth, the uterus larva completes its body form
as a species. This species exhibits sexual dimorphism, where females grow slower, larger, and live longer
than males. It could be considered that sexual dimorphism along with the modes of development and
maintenance of the uterus larva are evolutionarily conserved mechanisms.
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I. FL®IC

F )V b+ ¥ I 4 Aetobatus narutobiei (White et al.,
2013) ¥ b € = 4 H Myliobatiformes b ¥ = 1 £}
Myliobatidae ¥ %5 h ¥ A JEDHkEF A TH %,
1989 AEICHATH O CTHirlsx s h7zob (ILH -
=A%, 1989), 21 AL HIEEA & JuN A BH i & ) N i
PR e RkEMIL L, 7YY Ruditapes philippinarum
R 5 A 7 X Atrina pectinata 72 & O KFE LA % AL
HEICAEEL LI L LTBRFEEM b (IR
(T2, 2004 5 HH - 458, 2009 ; BAIZ, 2019),
LhL, ARz e Lz e LTofMBRmIL -
fiEbO#ERD H Y, [BRER] T3 NG E L
T[] L LTHIRZLDORMBL D72 (FIh
2008) o Z D% 2017 4EICBREEEY M OKEEIT (2017)”
&, A2 MEGEEMAEE L TAKR L (HARMEY:
2, 2018).

A BBIIR L THRNZEE T 5. Db b bl
DURBEA IR EARAA R A (g, 2014)] & 3T
Who TORTIEIZA HOZA FIZTERER% F
OEIEREOIGRERTH Y, BA (FHE) IKB1T5
FEAERMNZIZIE T, ST FERERI D WS h
HPEINT EIHEN D REWE ZHEIL TRE K
FELTCHET L ESINTWS (Hamlett and Koob,
1999 ; fk #%, 2014). Burgos-Vazquez et al. (2018)
b b A BT NI ¥ A JE D Rhinoptera
steindachneri D3¢, M A BT A EHDO /1T
Me—, TE IV THIHIREMBRED L, 53y
BEELHERENZ WL TS L ERTWw5,

A HAEHOEYZWRICBWTE, RO
A% &b 72 4G I Life history %2 F 4 £ Reproduction
DHWEIHEAER SN TS, F7-, EMESBE O
¥, TERHEORER) OFERINICHEB L-0sE
bL v, LAL, BHEEWOIHEIS ORI %
Vo PV FEZAIIBWTY, HHRERMETNETO
HOBL R B (Il 1, 2002, 2005, 2006a, 2006b ;
Yamaguchi et al., 2005; f&4(Z 2>, 2006 : FIPY - /N,
2009), B (Yamaguchi et al., 2005; B4, 2005 ; 11
5, 2013 : BAIT A, 2019), #5E (101, 2004),
AR AE (I, 2003, 20115 JIEZ 2, 2004
Yamaguchi et al., 2005; ff B, 2006; #& 1 13 2,
2007 : g - PN, 2009 ;A dk - BB, 2009 : Ik
(E4, 2009 ; Pk - fEIH, 2010), BRERIRM CRIv,
2008 ; fEH - 84, 2009 ; FHH - &8, 2009) 2D
WTOMRIEH 505, HHEERIZOW TIPS
HFHLZRFIE2 (20060 B L TPRA (2008) 1ZFR
LI, FE&F o WEN e\,

fE O JEH BB 12D W T i Nikolsky (1963), A
R HIE (1969) RJIE (1982) 25 &£HDTW 5D &
INZE L DRIED D 5o Nikolsky (1963) 1XBFEHE
FEIZIL D & CBRBGISHIS T 208 - A8 Lol %
FoTwaE Lz, 72, I (1982) 13kEIR [&
B ZRBmoMETHs ] LI LT, BEIX [EWY
R - - - RDERETIEOR], [BRENRER
ZAbo#EE] THDH I L e, TR L EE M
HICHELD I BRICH S L Lz, AEICEST, 4
WIHEOB/BTHL ODOREERERCTAEEE L
TS, ZOWMTIELRAME LZERT A 20
CCEMGAERE ) 280 K3, MERAOYE, B4 -
BOm (FEYN) — R — WA L o ZAETRAE I o 430
Bd by, ToMzmE (BH) 2557% < (I,
1982) EIGH A 7 VIEH URBEBOATEREL L
TELRDLULENDY, HHEEWIZEEMIHD A TEN
JECUHDEMR L ) LN TE %o

H8 513 2004-12 £ T, ES I LG /N B
H T A TT > 723 2 b L2, AREAROFHIE
& %% Morphometry &, 4 T JE & %% Ecomorphology
(Uchikawa and Kidokoro, 2013 ; PIJII - AJf, 2015)
DIFF TN S, TV N ETA ORPFAERLE L
THRAIELREBEOEKBZNY TLDLHDOTDH
%o BRBARTIE, KEMFETHV SN TSR
B WEMTAEORETERBX S TH S, I Egg- 11
i Larva- fE £ Juvenile-#5 4 Young- A £ Immature-
J% 48 Mature (JEEB - BREB, 1971) % ZEIT5HT - R
L7z F72, AR E P L 72 Y £ X OUARAED
BEHELEOLED?S, AEOMAMEIZOWTHNT %,

0. #MHERE

BEARE L7z v b e A i ZhE L N T (H
PP ANEFHORM RS (LR 33 BE 57 2050 131
BE9 53) JEB O P PHEREILE) T 2004-"12 4
DR - B, [T & LU SE 1 LA /N B S
(UTHMAE L) & OdLFE TR T % BKER1ESE
THEI N2 D) H1572. BRERESEL [/NFH B S
D] ERENRBHITTHEEDOT ) 2 F IV P EZA PE
EFLILENB2003ENLGES72b DT, METT
B~ F Y F (Pampus punctatissimus) a0 5% LK
MMA (ML H AR 10cm, RS2 K (300m) %
L TitbN7z. = BAR TR L 78 lE N
\2& o> THMEBYN #5 % External yolk sac % #2038 E 7)1
M6, I AWIEEE L CHEAEICES T TOMIZ, B
PR R OFRICL > CEBSNAKE 23R E
Fatus (Hamlett and Koob, 1999) % —¥& L ChaPNAF4i
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Intra-uterine larva, X IZHLIZfFf8 Larva &R C & 12
L7z

BEAREITFEAIE UCTH — NI Bk & BRER1ESE
DWMNZF e LTIT o 720 K0l & & FlEIRDL 2 #1152,
WHBEZ LTIV NS OBEEREZIT> 72 KRB
FECHARMAELBEARABEEZLIICR L, £10
[Uterine larva (REPIATL) | 1 BRERAESE o 1 58 C It 8L
PO SN MAEERELZDDTH D, /25K
1 ® [Capture number (FiZEMMAE) ] &, KT
Nz LR MERICER TSN LZ R0 F Vv e A
M HUREZR IR D £ < O % M2 (258 B E L 7247
TLOEFEARKTH 5o BHI L7 BERITATEDIEAR
R EfE & L CTH W 2 R8I Disc width (J9% o ilj )t
Ui ) O EARBEEE, LT DW &EEY) & 0lemF 72id 1
cmHALTHRERTEHIIL, WK O 1 Clf ik
ALk L7z, Tk, SAERHETLEEOKRE S IR
DORVEI)ICHEREE S B SETREZEL L7,
B, TNOLOBIIAR LR UEARE FHW-mig (&
A, 2019) OFE 1 TRSI N [FREREAKR] ©
2005 4F o 31 4K, 2007 AEOME 14 K X ) 2h2
1R, 3 AN 2 T B s, A, BRAS - JlERS
BERELTBIELZOTH 5,

% BARBIE O A OREHAMEARS, X 1I123H1T 72
BHE L 72BN RS OBARIZOWTIZE 11T
o3, H1OHEWARLALO [T, #HR] o T
HEHEEZRLI

BE PP AR L 72 B T H IS 10 % KAV~

) VWIS, PRAELTIFREAFEBIG D, KL
THAMRAE 21T o 720 MR ZEAR RGO
DM (0 ), F 3L/ N T SRS AR
Y F—EHNITT, REICIZIL B REONIERICH L)
D AR Z AT - 720

TN L AR L CGROH L 22 i A
ODW ZHIEL7z. BEIHG COEELTAELL X
MIZe o TDW % G5Hll L 720 kv THRE (Body
weight ; BLF BW & EE3) % e AT F o Sl S AR K
9 b O/NEEAKIZ 0.001g HALT, ZOfBiE 100g HifL
TRMHE L7z JENAFAICIZINE A Yolk stalk & #RERIN
HWERLFEOFA (K1A) 35D, TOREI3IIER
- akER%Y BW & L7z, BW OFt®EIZY 725
TIE, 100g B THMET, UM BEARIZOWTIZE
FRIECEHE L7zo PR FTHMRIN 8 32 2 R o ik
ZZFOERE 0.0001g BALTEREL, I NZAERIRE
FEH = External yolk sac weight & U720 ZOBH O
WIIEF RO L CRNIFAEZRREL, ARk e
PR O B SEHR SIS S v X 9 12 L THMERSR
HWEOAZER L,

THEMRR T BW 2581+ kg ORI E & A% & A
HEFRLHIF7-F FHMOREFHIED, FHIMEL D
WMELZEDKREZZLIIWTBWEE Lze RBREE
#RIELTOBMEMAEDD - 720 TBWHOHK D
72, BEOD HMEIEZFNREZYR L CTEHEL 72,

JEPIFfRIE, BEE OB TR L TW AU 2 14 %
3% (K1A, B)o F72, BRI X o TIIIEHBHE

K1 KROLOICEMREL /T bETA OEFE

Table 1 The number of specimens of the Naru eagle ray examined in the present study
Uterine larva Capture number

Year Month

female male female male
2004 Jun-Jul 49 46
2005 Jun-Aug 130* 143* 109 32
2006 May-Oct 89 37
2007 May-Oct 55 17
2008 May-Nov 62 34
2009 May-Oct 54 14
2010 May-Spt 81 40
2011 May-Spt 146 66
2012 May-Spt 84 65
Total 179 189 680 305

* BRERAESERE B A SR LT, Sk L 7oAFful S 3 B2 &0

% Including three free-swimming individuals after birth for both female and male which were caught by

extirpation
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1 FILMEIADIE, BRAFALHEBOTE (EEHROERIE senzxRd)

A HERENEB AT DRRNTFA. FRCIBRRIIFERTORP D> TS, (2006 F 6 A 20 BIEF). B SMERIIEE (BEXE) ORIXHEAT
BRFR. R PEHEL TS (2010 F 7 A 26 BIEF) . C: HEFOEHRTEL LBAFAR. HACEIEEUCERK, A2 LTS (2009
F 8 A28 BEF). D MEROEETRACKIEEOD SEDIFZRMAFE. BAFADSIZEE (FBXRE) HPEHELE (2005F-8 8 120
®/%). E:DOEELEFARADBOILAEE, EPHRIEHODER., F: RILTUVREERAORENSE (AL) EXELWEHBELTVWSE
(2005 7 A 6 BERE) . THHABEERODAR, G FOBBEMIC ALl s, FBHBOYEDSADTNS. H: BRBHSTHRINT
WBBRFR. BEXREILEREZTT. (2005F 78 19 BiR®). 1 BRBROIEATE (2005 F 8 A 12 BEFEEDRIL T VREFEKR). 150
B, KEAOIAFBIIEMEDIRET HEENTHY (Hamlett and Koob (1999)) BE5N=DIE—E (KFFH) THD (2006 5F 9 A 11 BIFE).

Fig.1 Pictures of the early life history stages of the Naru eagle ray in the western Seto inland Sea, Japan. The white bar

represents 5 cm.

A: The intra-uterine larvae with an external yolk sac. The larva and yolk were connected via an external yolk stalk. (picture taken on 6/20/2006). B:
The intra-uterine larva with absorbed and withered yolk (arrow) and distended abdomen. (picture taken on 7/26/2010). C: Ray larvae released by the
adult fish due to shock at the time of the extermination. The larva almost had the same morphological shape and body color as those of the adult fish
(picture taken on 8/28/2009). D: The larva popped out from the cloaca of an adult fish due to shock at the time of the extermination. In this picture, the
intestine of the larva (arrow) came out from its cloaca (picture taken on 8/12/2005). E: A close-up picture of the intestine of the uterine larva depicted
in Fig. D. The left part is the cloaca. F: The digestive organ specimen that had been preserved in the formalin solution. The upper right part includes
the esophagus and stomach. The swollen part is the intestine (sampled on 7/6/2005). The lower part is the cloaca. G: The sectional view of the intestine
depicted in Fig. F which contained a black material. H: The uterine larvae with fully developed caudal spine. The yellow arrows denote the caudal
spines. (picture taken on 7/19/2005). I: The enlarged picture of the caudal spine of the fish depicted in Fig.H. J: The ovary of the Naru eagle ray [only
one side of the ovary was developed as reported by Hamlett and Koob (1999)] (picture taken on 9/11/2006).

B LTz (1B, C)o ZHUEBITKE OBk
oW RWE (MIE, G) B’dHo7/2dT, S~
) VIREEATIEKO IF, GO X HIZEMLL . #ll
ETE BB OWTIREIL L2 %E & A
72% W% 0.001g HAL CTRF&E L B &6 HE & Intestine
weight & L 7zc F 72BN MOIX 5 H o I 2 A6 i
Caudal spine (Z ORI 1A X 1H, 1) 2K S5
DT, ZTNIZDODWTITHRIEHK Non-formation, T &
o' Under the forming "1, JEM5¢ T Completion @ 3 Bt
BELC A CRdk L 720

HEDFEF B RER A Z R 3 5 72912, LaMarca
(1964), Pratt (1979), Martin and Cailliet (1988b) 512
7% 5 WIREREHORAOM I L CHwbRTE
MDD K X Clasper length (CL) & LE CH
JKALD KDL Calcification) % F-X7z, CL IZHHEMIED
B2 A RE RO KM E TOR S % mm BALTEP
W, AKIEDORIIE T Tl TALIEIZL-T, &K
HIKAL Non-calcified, £}k Semicalcified, £1JkAk
5¢ 1 Calcified @ 3 B CRtsk L 72,

F - MEME OIS TH BB IX 5 DB 2 M 3 % 72012
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AlFH (2019) O E L 72 DW O Bertalanffy O %5
X TS 1] 2w, DN o THREMERIC
EHEERZFE L 72,

EEKER=(d 2 iERED DW — 2 O §i4E ik 4
HilE D DW) / (AT 4E i 4E st O DW)

AR E DR HEMOWNBIZOWTIX [T, #
Bl oFNFROETRLZ,

m. #F

1. BRICDLWTOERE

2006 4F 5 H 30 HIZEREE L 72 8150 MR £ 0 #HE
O25EEHY T F U HoEBEICTE N2, 3en
DEBOEHOINO I 2 BIZE L 720 F 722006 4 9
H 11 HOFA TRIPE IS IEZER 2em D K # L 7251
BEMI R & Bt o/hgE (BB X 28 mm) 235
n7z (E1D),

2. RFREIERD DW fHrk & HEEE

2006 4E 6 A 20 H 4 ® DW 2% Scm UL F O 5 AT
i (K 1A) RAEMIRETEARLREKTE ) —IRTH
D REEBHIALAM T > 720 BT O Y EICIER Smm
DOYNERTHRINETE L D ht o Tz, ZORHHD
fE AKX DW ) 3cm T2 H2 87 O A M C lfe e o 1 1) o3 wf
HETH o720

G0 DW HLK % 2004, 2005 4E % AAIZ LT
B2 1Z/R L7 BIZi1Z DW14-18cm, 22-24cm & 30-
32em I2E— FAAR SN0 IR ADHRE S
Nz6-8 HEHIZIIFAaNF LT oo KESD—FT

50 -
(] % n=179

M 5 n=189
t=1.34 (p>0.1)

40 -

30 -

Number of fish
N
o

D D o O OO SN, VR
< > g v v v > >
SR A A
DW(cm)

2 FILMEIARAFRDEEIE (DW) fH

Fig.2 The frequency distribution of the disc width (DW) of
the utero larva in the Naru eagle ray, during 2004-
2005 in the western Seto Inland Sea, Japan.

BETLEZEZoNTBY (BAITA,, 2019), FHL
REH CTREML7-DW O—HIRE SN0 T
Hbo M2EREHORLZZFAOWEMHEZ EDLE
7272, WHEHIZLDZHREHMDOLHETHEEDOE— F13
HEULbDlwz b, M2 DWIZiZefkE LT
MDD {0 QEAR t#RE, =134, p >0.1), ¥t
b 11 (P BUE, =027, p>0.5) Tholo

3. 7ILNEIAL D DW-BW OBFRRURRIZDONT
FIV M EZ A ORENITFEI S RKBORMIZESL FT
DERN R SBANFROIREZ R T 5720
(2, B3122005- 12 SEDFliEMA DO F IV P E A D
M (DW : 28.3-143.7cm) &t (DW : 32.8-103.4cm),
ZhZh o DW-BW O B#R %2 REE 2 AAIZ L TR
L7z K3 NOIFARIZMERER O~ — 5 — % H0E L
DW-BW O [ml)G BAfR AR O IR Z /R L 720 TV R E
I A OfETDWI00cmPl EOEAKIZIZE A EHiES N
TV WnZ Enh, ZOHAMTIZIDWIIOmME TD
MEfaZE R L7z SHICEK2ICEARITH (2019) 12X
5 F v b ¥ A D Bertalanffy W& [ 1L/ H
1] 25FELZENODW E IS 5EE L
EMBEEREZ R L2, SNOOFMEEZ D LITHEL
EEEOMT 2K 4 1ZBR L7,

50 -

i 20 40 60 80 100
30 DW

BW (kg) (y)

20 1 7 : O@|E n=305
y=1.3x105x 301

10 - r=0983 y=7.2x10°x 317
ot r = 0.992
() —eamats - -
20 70 120 170
DW (cm) (x)

B3 2005-2012 FICERE LTIV M ET A OKEIE DW
(x) £AEEBW (y) DRk

@ LR, OLBAMITETNENME, HETRT,
FO/MEARIE DW110cnEA T O EFEI R ET#R DR
RexrL7

Relationship between the disc width (DW) and body
weight (BW) of the Naru eagle ray sampled during
2005-"12 in the western Seto Inland Sea, Japan. Solid
circles and dotted line, and open circles and white
line indicate the female and male individuals,
respectively. The upper left panel demonstrates the
relationship between DW and BW for individuals
with DW up to 110cm without a mark.

Fig.3

I R AT R ZE LS Bulletin of the Hiroshima University Museum 13: December 25, 2021 © J& B AZE# A TMAS Hiroshima University Museum



54

JERWT - BA 30 - WA - IR - 35 RRVEE - ROV - S5kB— - AEAD

x2 WE/NFHBEZBEHO I NEIA Olsh) DW &R
SEIBEARDS (2019) D Bertalanfly DR [WUB/NFHET | 20V
Table 2 The growth and growth rate of the Naru eagle ray in the western Seto Inland
Sea using the von Bertalanffy equation ‘Sanyo-Onoda [ " in Shimamoto et al.

(2019)
Calculated disc width in cm Growth rate
Aee female male female male
0 41.33 35.02 - -
1 53.26 52.79 0.29 0.51
2 63.86 66.01 0.20 0.25
3 73.26 75.72 0.15 0.15
4 81.76 82.85 0.12 0.09
5 89.07 88.22 0.09 0.06
6 95.79 92.14 0.08 0.04
7 101.61 95.04 0.06 0.03
8 106.98 97.21 0.05 0.02
9 111.60 - 0.04 -
10 115.78 - 0.04 -
11 119.51 - 0.03 -
12 119.51 - 0.00 -
13 125.63 - 0.05 -
14 128.31 - 0.02 -
15 130.55 - 0.02 -

Yamaguchi et al. (2005) X &A&I3I 2> (2019) T
AFIIHEDSHECH L TRELS LB EPHLNICES N
Thh, M3®DW-BW R E2RH4OKED
RRTHIMIKREL BB EDbh5b, BEFENILIE
AR OIEMED L 05 2 E D305,

X3, 4L F VA IZBEEL1DWS0cn, 4
T TR I IR L L T v & Ak
L, X 5AIZK 3 @ DWS0embL F Dl % A IZ L7z
i A () oI, R T 2 285 H
i L Witk (AF: DW 1Z29.2-37.5cm) & Zh
DAL o RN (O o ZFhZho DW-BW B4R
A DbETHR L7, X 5B ICIEX 5A © DW50cm £
WOERSZ PR L TR LTze K 5B % 5 st A i) &
% Z 55 IR W E AR O DW-BW @ BRIz 2L
TokWIFfaL, fiEEAD DW-BW BfRE1EH S
WICEZ L, H—DW & LTIEKE%BWZ/RLT
Wb ZEDRTD 5,

7% BEHIT & 72 B AT £ 0 s /MR E AR AR 1L 8.59¢

(200547 H 6 1 DW6.2cm i) T, ¥ K13 814.8¢g
(2005 4 8 J1 12 H DW389cm#f) <, &4 Fi3IEW
TORETIOS AL L 722812k 5%,

4. RAFRDIPERIR & BEEREsHE A

& PIAT-f DOAVERIR 28135 B bk > TR S T
fiiL2oo, KIB, CII/RL7 &) I L <
W AR RSNz, X6 ICENTf O DW &AL
R EEE R & OMIR (@FD), F 2% T & 72 ER%
A WP L T 2 lENA o DW &
WONEW % G-l ER L ORE &b TR
L7z (O e ZORNIZFAERICER L 72 6 A
DHFAOERERSL /R L (B, ZOHE» 51X
DW20cm TIIIZIRF WIS N D 2 L, ANBb 5 X
B ONEHBEIML THBBI L Two7zZ &8
%o FEARE T 0 HEUKER (DW #PH X 29.2-40.9
cm) IEERERDS AR L o THEMRZW L 722 &
BEbLNL, M5B EX6EAHLEEZ D EENTA
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4 R2ZBEICRRLEFIVNEI A DEEERESE
Fig4 The von Bertalanffy's growth curve and yearly
growth rate of both female and male of the Naru
eagle ray. Data from Table 2 has been presented here.

10 1 0
[ : Free swimming individual (n=104)
9 A ;
¥ =7.3x100x >163
8 1 r=0.968 3
~ 7 1
=
—_ (O /\ : Abdominal swelled individual (n=23)
2 5 4 y = 2.8%105x 2891
g =0.841
= 4 - r=0.
23
O : uterine larva (n=350)
2 o y = 5.8x105x 2633
1 r=0.991 d
0-—@=====ﬁnﬁ. . .
0 20 40 60 80
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2
B p
@A
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21 AE
= 20
/M III
0

40 50
DW (cm)
5 A3 ODWSCnATD#IAAICLZFILRE
IADDW (x) -BW (y) OBk, B: ERAD
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Fig.5 Relationship between the disc width (DW) and body
weight (BW) of the Naru eagle ray in individuals with
DW up to 80 cm (see Fig. 3) without distinguishing
between female and male(A). B: The enlarged view
of the graph for individuals with DW up to 50 cm (B).

HIINEE ZWILL, BRI LREA: LT < AR T —
BRI AR AN L T2 2 e h b, BELR
72RO Hp TR B O MR E LA R A R L
72b D1 9.11% (200547 H 6 H # 4, DW7.8cm,
BW16.22g, A ERUNTH3EH I 1.4782) Th o7z, S5
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Fig.6 Relationship between the disc width (DW) and
external yolk sac weight (@) in the intra-utero larvae
of the Naru eagle ray, and relationship between the
DW and intestine weight in the intra-utero larvae (O)
or free-swimming larvae with swollen abdomen just
after birth (H).

R E O RHMARE I I3 5% = T 18.37% (2005 4 8 H
12 H & %, DW31.3cm, BW5052g, W #f & =
92.785g, AMTUIE IZWIN) T - 72,

5. BAFRDOERTRDORZK

TP RO RO RRI Z R L7z 2
M X 5 L RWBOIZEIZ DWSmDE» S F 1),
PIE OWINANZIZHE D 5 DW20em (X 6) DOEHIZIESE
T L7

6. HEDOTZBORE

HEDORBERRDOFER B D 7202 8 I2HED DW 12
T HREHRDOE S CLZRRL 2o JBHATFMIE
2005 4F, Z OfilE 2005-"12 4F O AR AR O I % il %
7z B 8A I AT-f & iR D et D F
JRALDIRPUNZIE U TR L7ze ISR T A K
fEL T idofze R HCilE ik A D £AH KL
Ko DW O (R/hh ik, BLTFHLT) 1% 32.8-
78.0cm, i IRAbLET DAL 63.2-84.8cm, A1 IKfLSE
TR 71.7-100.0em T d - 72 DW £ 80cm T £ )k
LIZIZITR T T L T2 5. X 8A DEMIEKD 5HCIR
PikeAke LQIEOMBEEZR L7z, M 8A OFEMT
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7 FIVMEIA ORRRFADERBROEIRS
() OHRIGRAEEEE, 5344 @K
Fig.7 The status of caudal spine formation in the utero
larvae with growth in the Naru eagle ray. Specimen
number has been provided in the parenthesis (344
individuals in total).

PHA 72N O 2 IR L CTIISB IR L7z, &
O OMA GHEAE) FFEAESZEXLHEATDH
%, X 8B T&fhkz AL DWI5-25cm D i A fi i
REHOMENZRL LI 2EHIS L EN720T,
DW ® 15ecm & 25ecm %= 35 & L C 3 &84 12417 T DW
(x) LR#E#E (CLy) oEEFRERDS L,

DW < 15cm y=0.065x-0.0589 r=0.7889

15cm< DW <-25cmAili  y=0.028x+0.440 r=0.5187

25cm < DW y=0.059x-0.3488 r=0.7433

Eolz r I IMHBERBTEDRA
Tﬁﬁf%of:o
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7. RERFOXZX

PRERE DI ENESE O MR CHEBLA 2 S AR <L
WK L7201, FARIRRECHEAE L B HEdK LT CHli
Sh ko, &/AMEMAKD DW X 292emTH -
720 —HEPFM O TR DW O 34.1ecm T
H oz B E WK L 72 MH 41 DW29.2-40.9cm
T, DW40cmHi# D b O EIERANE i L 7= A1 L &
Nhhrotz (M5, 6)

8. MELTHSRARICEDBE, BFRADPOKRKA
PER T % ¥ 14 X Size at maturity (23T % L BEH

20 1

A
15 4 [J Uterine larva: n =142 00qg o
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5 1 BEW
0 4 = . . . . .
0 20 40 60 80 100 120
DW(cm)
1.8 14
B
L6 4 y = 0.028x + 0.4407
r=0.5187
1.4
e &)
= 12 o y=0.065x—0.0589 @ oo
g r =0.7889 0® OO 0Q
= 1.0 Q@erd @0
&) @T0 08® @ y-=0.0591x-0.3488
0.8 Q@O (ONG} r=0.7433
(@) (0)
0.6 ® @0
(@]
0.4
0.2 . . T T T )
5 10 15 20 25 30 35

DW(cm) (x)

8 HEDFIMEIA DEEIEDW (x) R#ESERCL
(y) OB
8B |&X 8A DREAFARDERD (A THEAER
7)) EIAKLTRUE GRS

Fig.8 Relationship between the disc width (DW) and
clasper length (CL) in the male Naru eagle ray (A).
The enlarged view of the graph for individuals with
DW up to 35 cm (B), indicated using an oval
structure in Fig. 8A (refer to the text for more detail).

BRIl E v ) S 2 578, HEICOoWTIRE
ARiZH (2019) IZX > TTFHERONMEEL (%) T
& % 1= Hi 455 Uterine weight index (LL#& UWI &
FRY) AEMT S DW A 90em A 5, MEIZRHE LD
AIRALDSSE WS 5 DW # 70em (X 8A) 2 & AYH £,
Eebe TNHLORESIFHR2PM 4 X0 Fdn I3 M
TS5i%, MEZ3KTH B, > TDW £ 40cm THEA
L CHELE 90cm, HEIX 70emiZET 5 F THEADL O R
WADKE 225 ZOMIZANE - FEIdEfi LT
AR L ERP L ATHREIZFEL L, M
12 0-5 7%, HEIZ 03 E RGBT 5,

9. HA

FaR U7z & 95 1l DW90em BLE, HEix 70em
DML 72 %o PRERF O AT E WIZIRERIY £ 72
AR () SRR S 7z, Fi GEA) L7oArf
AR L 72 MEBL AT AL TE VDD 5 72285, ik
L Com/Mifk, AW5ii/ME Biological minimum
size (3 DW92.5¢cm (20104£ 6 A 15 HiR%E) TH -
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720 METIX20064E 10 H 2 H @ 3 4 T DW73.2 —
97.3cm® HEARMR 12 BICHE 2 SR # IOk %
MR L 720 K2 TRLALHIZDW OMEMEAEDA T
WD LB O DWIE3, 4, 550N X 73.26,
81.76, 89.07cm T, MEl 75.72, 82.85, 88.22cm & %
o BAELTORERSHREI SMBEAEIKE L
%), MOHPHELIYREEMELRS (K4, F
7- DW-BW BItR (X3) %A T3 DW ) 80cmEH %> 5
WD F ML VIEEST 22 L2995 D 5,

N. ZR—-RXEEEXS
1. XEERREXS

A - A FHDFEE D TG R0 FA: o DT
FETHNOND 2 ENL V. &) DI BIHAERENS IR
T&» % (Hamlett and Koob, 1999 ; £, 2014 ; HH,
2018) CEMHIE (AR 2E&DEENL O

order MYLIOBATIFORMES M ETA B

Suborder Platyrhinoidei

WEgERe, MU & EINC BT T A X, O )
A REZE LT EIFbRTw5, FviET
4 122 W T Yamaguchi et al. (2005) < & A& 1T A
(2019) BHEIZOVTHETL2HTHRME L L KE
EREIZOVTMNTVEY, —EZ2ELTEI VS
T2 RBX R B PIZOWTIIME S h Ty, K
Fa Tl RE O GEMH E LCTHIV b A LD
L 7R R DB BZ Ff o TV D L END T
I A - bY T A % (Hamlett and Koob, 1999 ; 1k J#,
2014 5 HIR, 2018), 7% 7T dH HAIOEHE Medium-
sized Myliobatiformes ® 7 # A $, %% 7 b LA
B, NEZAHR Y IUNF e/ FAR L LKL T
HHOMBEEBE Lzve B RIF 28 & Z0ipEk
IURE, AR, KRN BLIONMAE R L ED
K&E (DW) #E3 1Tz, ThsofosHEE
DOHFERIIH 9 WRTEBY TH S,

Suborder Myliobatoidei ™ ETA#EH
Dasyatidae 7 HTA# Hemitrygon akajei 7 HTA
Myliobatidae £ T A %
— Subfamily Myliobatinae PETA @R
Aetobatus XX 7 PETARE
TEXZhETA

9 HEFTAHIA - NEIAROFZRER.

RIDBHATEZRET. PEMAERIE Nelson et al. (2016) IZHE > 7.
Plesiobatidae, &< & T & Urolophidae, /N7 A4 £ Gymnuridae 2 &) DEEND. £z,

Aetobatus narinari

Aetobatus narutobiei 7V ETA

Myliobatis P ETAE

Mpyliobatis californica

— Subfamily Rhinopterinae 7 >/37 b £ T A B}
Rhinoptera 7> /NF FETAE

Rhinoptera steindachneri

Rhinoptera bonasus

FEIABBICERMBICTR (VAIAR
MEIABHIIEfBICA

N+ I FE Mobulinae EFEN, FEIA/FRHTIZMIC2E (74 AP NEIAE Aetomylacus & Pteromylaeus /&)

HEEND., BAEABEOMAIEHLE (2013) (> 7=

Fig.9 Taxonomic relationships of between the medium-sized stingrays within the order Myliobatiformes.

Fish species listed in Table 3 are indicated here. The taxonomic system followed is the one described by Nelson et al. (2016).
The suborder Myliobatoidei includes seven families other than Dasyatidae and Myliobatidae. The family Myliobatidae includes
the subfamily Mobulinae. Two other genera (Aetomylaeus and Pteromylaeus) are included in the subfamily Myliobatinae. The
Japanese names are provided following Nakabo (2013).
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Disc General
Devel tal st d ph
width | Growth cvelopmenta’ stage and plenomenoi developmental
in cm Female | | Male stage in marine teleost
:Stage Egg : From autumn to next spring .
1 Hatchin,
! No : (Internal fertilization in summer to autumn ? ) Stage Fgg >/' atehing
i female FEPMI{FEHA Stage Uterine Larva, Sub stage 1
S5~ and (In utero hatching. Yolk dependency) Stage Prelarva
20 male ‘L Absorption of the yolk. Histotrophy (Dpendence
differ- of uterine milk). Completion of the caudal spine Stage Postlarva
30 ence BAM{F%ER Stage Uterine Larva, Substage2 | [ T B
*ao Stage Juvenile
40 =~<Birth at DW 30 to 40cm ( in summer)
A} h
50 | & A Stage Young : 1 yr. old Stage Youn
& Stage Young ) J. - 2 AR L £ £
60 K w KEkEH Stage Immature
Stage Immature
70 Appear- | | : 1 to 3 years old |4 :2to 3 years old
80 ance kikﬁf.ﬁﬁ.ﬂ Stage Immature 23t Stage Adult
Stage Adult
90 of v : 3 to 5 years old : 3 yrs. old and over
Y T e L b
1 A totic DW:103.3¢m
00 female i Stage Adult symptotic \ :
110 and N :
120 male : Syrs. old and over ] !
|
130 differ- : |
140 ! ! '
enee Asymptotic DW:149.2cm|/ | |
150 ’ X |

X 10 FINEIADORBHSX

Fig. 10 The conceptual diagram of the development in the Naru eagle ray

PEFB - MRFB (1971) OWY F & D72l FEMBE DI
HEREX 5, I0 - - PR - AR — A A - SRR
- BADOFEMNESEICLT, 7V LA ORFER
X & il (K10). B - AR (1971) OX41%
WHETAEICOVWTI LD D THHDT, 4
DF NV LA DL IHREHIET L2 b I RA M
DWTORPIEZENE I E L ST DITR 5,

2. BREAD 54 F TORRFAES
2-1. DPHA Stage Egg (XD SIRFEDE)

— MR 22 IR AR DTS £ TRV A R L £
THPHITH 5o FIVE LA IZIGER TN L
JEHNTIIL S 52D T, FOMAIIE 2 5, 2006 4F
5 H 30 HIZH A ORI A 5 5 S 7245 2-3cem
DOEHOINIKRG T ENHEETT=Er o0
T, BARIES (2019) WL 2L TS 7 HLUE
DBNFROEENSRD L INSIZENZR L Tw
EZONL, AWHEBBOF IV YA IZEFICH
P, KRB, TOBRIMITbNEEHESN TS
(Yamaguchi et al., 2005; 111171, 2006b) 4%, i 7 N i
PRI T 6 A6 8 RIC B L a0 5

JENCoORE e SN, BEFCHE (HE) §52
& (BAIED, 2019), ZOHD 9 HIZHES MO
WCHCEA L 220 RERIR 2 L S (1), HEIREG & % 2
bhad &, F7210 BIHERMAIEREZ RIEL TV
7= (2006 4F 10 H 2 Ho#A) Z &, s, EHRIH
O, PN, KROWREESTFHESN, AU S
VhEZA EPRREFT R 5. 722K 1AITRLT:
WM 2o 7oAt 6 HICHBILTWwWA 2 ehs, Z
DHEDOKICHMIBI TREBT L LEZLNLD,
WAED 6 HHEAET TOFED L (Fk&ZF), S e
IARRESNTZ L0 >720T, ERIIAHTH
%o

W (2014, 2017)°Y W PEZAHHOZ A EHO
BEAF 2338 A RN ARIR S Bl Btk 2 /R L 72, 2L C
Furumitsu et al. (2019) &7 % =4 Hemitrygon akajei
AR O EH O IIR, ROSEARIE - RIRS
LT luRLI, TOZENHEZLE, FLIET
A L ENBROEN HKENCRR L, NS LIk
IR L THRAEFED 5 AICI3ZH L20aash, 6 A
G IZAM RN T 2 & 5 o I (X 1A) 238ih
He¥nE, ZHBEOKDLLDPAED LKL - K
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IROIIDNEZRETHHNTHET LTV Lk,

FU P EZALIEHED MY LA R D Myliobatis
californica (7 XY A1) 7 V=7 KPR (&l
PERT CRRBL, 9-12 v HM#ERS 2 2 & (Martin
and Cailliet, 1988a), 747 Y NF PEZ A JED
Rhinoptera bonasus (7 * 1) 71 KWifFEF 2 ¥—2
% ; Smith and Merriner, 1986) %*> Golden cownose ray,
R. steindachneri (X % ¥ 2 K FPEMIAL A © Bizzarro et
al, (2007)) (&R CHEIN L CUREMRII I 2 11-
125 HTH5HZ L, $FIZ R bonasus \(ZFEFHD 6, 7
HIZFEIZIZ, 8 HIZ3BAENNoRBBEIh T
WHZERH, FbET A QHEULAEEERRO L
EZbNb, WTNIZL THIKEABLRIHEH OERIZ
s T, SHROMBEVPLETHS 9,

2-2. BAR{FAHEA Stage Uterine larva (5-8 AtB)
g S TR ZAEII DL 3 5 LA <THh 5
A, PV M ELAIIBRAN TR, WML BE L#EED
R Tl & ] Ut B ClEAE§ %, C OO
KA A AU, TR AR 02 b2 6 LU T IR
T2 OO (substage) IZX3 &N b,
Sub Stage 1 (Rl F O IPHE 2 WIS 2 Fif T4 )
Stage Prelarva (224725 ) : DW #J 6-20cm.
PR SRAR I X BT, IR 2 S 5
T CORY, HEIZEE A FEK Snn
DHNE &R E N 72 HHBIN %X DW O
¥1aok&s (K1A). DW8-10cmTl&
WO AEE Y (7)) et d B &
Ji 8 Al Z FLE B 7228, AR R I K B
#2925 (M 1B)o DW17cm2» & h4fhhs
KB LD, 20emE 72 5 & PIE TN
(Ke6) ch, RWBsEHKENE (X
7o HEDKHERFE DW # 15em F Tl fil
BT 2%, Z0O#HO DW20-25cm® [ &
E2$iib3 %5, 2 @ Sub stagel 5> 5 KD
Sub stage 2 T TIE#E & ITAIKILL T
v (148)s

Sub Stage 2 (MiF MO % & V) IHOTLEELOFE
L W 1% W47 4839 Stage Postlarva 7 5 fifi &
L CORFEH BN 5 ] Stage Juvenile
(2¥472%) : DW £ 20-40cmo 5H ¥ % WX
LFEINVIICEFELTHRETZETD
1531/ P S s A A E Y E N = W[ R TR
ML AKRICZR S (H1B)o DW %723
cm % B R % & AL DN B 2% R O A AR AL
WIRBE D 2 ro T (K1C, X 6),

B 1C, DD X 5 %k (DW £ 40cm)
X 1B OfEE (DW # 20cm) & 138 5
PR E MBI MR L F U R,
AR E o THB Y EIFHEAL,
CORED S 2 ORI O
BIICHUT L E R 5. BBMATO
T - KT, IRC & OV RS
EHEER () 23 L 72k i s h s
X9%s (M1B, C, K5,

Sub Stage 1 2°5 2 DWIHTHEH TR E MITINHE S
FIFRINE N5 DW ) 20cm TRFHASSEK S h b
& (W7, coEmAarsBiLs s L
DW25cm 7 & (LD R MR T 5 2 & (XI8B)
mE, fiE L TOERKELIE) 2L THE, A
T2 F TIIREROAEEIC L > THEBEOHBNIETE 3
B, REEOBRTIMESEILZNEFT2 S (BAIE
A, 20195 KM2), BWICIEIDW I Eem SH) 5
40cm (8 H) i3 245, M52 okEd 5 Lkl
#9100 f5ic kB L EZ Bz,

Hamlett and Koob (1999) 3 F¥ A HiHO T H
A FIHE T TICRET A ICIZIIEONEY TIEAT
DCThHDHIE, THIZART XY AT /LA Dasyatis
americana ONENFEOE - IHIEFEE N HLER R 2
WEOWLEWIUCHEREL TW5b 2 &, B3k
Do 72RO BRI il B 2R (bW b T
HWINY) ThilzENb X7z, 2O IS
JEPI5EE UREAE BB IE R T 3,750 % 127 % Lk
N, WREREZTAIEERL, EHICF VY
A EFERLMNEZAE YA ED Myliobatis
Sreminvilli 77 ¥ /NF b E LA JED R. bonasus |22\
THRBOMME L TVD, BETIETE IV OMH
BT SOl ETERIL 3,000 51245 2 & LN
L Tw %, Burgos-Véazquez et al. (2018) & 7 ¥ /¥
MY A )& D R. steindachneri D32 T M ¥ =4 HHH
T A BT R AR R 21T, 6128 V8
7 EBEETHBRED D WL TnE TV,

e (2014) M (2018) & 3k £ 586 o Bl
X EMET 27 A AP b A I [RE
MR | & LCTHRNTRE L, ADoK
fr, BRICTFEINVI ZHEMLIFEFICRERET L L
LTWb, ZHDOF )V ELAS OfEEROF L Y
I AP OO IR & ZONEWOVER, BN
TORRICOVWTOREOEMLFAMTDH 2 L RS
Nb, % BE6HHITIIHEER O L BB ERED
BINE v kB A OISR ED SHEREE (TE 3
V7)) NOBTIZAMICEZISZZE2RLTEY,
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Sub Stage 1 2*H 2 ~NDRFEIPFD T 7 M HRITT HE
MEZALEZ BT TS EF R 5. HEIIZZORITIE
PR 2 R4 L 2 S HHRR KRB IR > T b 2 L0 b
N5,

GAE O BT, WL - B A2 RET,
RO Z3BOL D 5T HHE Lo DR R AR AT £ D ARTE &
dES TV AR AR E LT (B - IkES
1971)0 ZDOHETIEF NV I ZEDTT HTA -
MY A BUTFHA: £ T - M2 RECRiE LTk
KRR ARH2HE Y, HRETHELLZI LIRS,
Hamlett and Koob (1999) (X84 0 gik-E 1L & o fifi
BIFAMOBERIEILSIWNTORERE T &,
Hatchling (i OMLIAE) FIFELAEHO [I =
Fa7] THN EET) 2LdbR7225, 2oL
A O A B TH 5, KICHIF -4
W2 THEIEFEE L IN BWIRE PFE A R, 2 LTk
WA OERDORE S ZIIRL TS Z &L, IR
PO BENOBITAEBLTEY, RIfFETHIL
M A ORRNTABO%E %, Sub Stage 1 (K
f7), Sub Stage 2 (75 I V2 KFF) 12032 &
BB THDLEEZ Do

323 TR WIURE R A F O DW 127 7 A T
ZZENZN 6-10.7cm, 9.5-13ecmTH B A, YT A3
W3Rk A 722810 0 -20cm, 20-Ftem& 7 H A4 X DK
&v, 7H T HE (Subfamily Dasyatidae) 13 19
FED B D DW & G o e KAEAKR O B4R % 51~ 72
Furumitsu et al. (2019) 3FATK X WHEIZERE R
kxR 22 L2 MELTVWDLDOT, FNETAH
THZEI VDT EDPHIN I DT ENREEINS,
FRRINWRLALH)ICH-HETHL AR T4b
LEBEICL > TORAETLIRESITENHKELL DD
LERBNL. SHIH—MEOLTA THRERDKSE
SE B em 25 10 Bem DR H 5 Z L B3b 2%, it
HEL7AFAOKRE SIZWHOERRP R ES IS L HEY
LPEERMEE L TRESNALZENEETHS ),

3. PE41%, A Stage Young- KX A Stage Immature-
FXfA Stage Mature D&HA
FV b A I E RO HER TV A%
WMZTHETHZLICRLOT, HAERIIERE L
TIHE %o
3-1. &R HA Stage Young (i &E DW30-40cmTHE
L%, I DWI0CNE T, FHeld2, 3mIS
F£ T, i3 DW50cm, F#pH) 1 RET)
TR - MR (1971) OMEHBOFRE X5 Tl
flowRIcE AN E &, [OOSR T

bbl, - - () - - BENZHEBEIIFEEDT, K
ROBEAGRY - - () - - “kEBZ B Tw
Twl ELTwb, PV IMNEZAITHAEDOK T
DW30-40cmTd % A%, Bl EITBALFETH %,
BARIZ2 (2019) 5%k L7z & 9 12 Tld DW-UWI
B4R T UWI 238 K3 %% DW90cm ¥ TO R, X4
2 OHEHE L CERIZ2, 3 AT T, HETIEXSA
M HIE TR OMEDEEE L Tz DW A 50cm £
TORA, ZRUESBN TV EZ T O
BHEAME S 2 5. ERIT 1R T T X405 MM
ELZOMIEE VR ERERLEARKEEZRL:
A, MDD EDHEFIC R D IFD TV 5,

3-2. KR AHA Stage Immature (i DW70-90cmE i
3-57, It 50-70cm 1-3 FODEHA)

HFEREN & AT % ifR & 7 B T OVERIC K2 R
T, METIE R L7z X9 12 UWI 25883 % DW70cm
25 90mE TORM (BAIZA, 2019) T4 H5
A 3-5 AT O & 5 2 %0 HEIXIXI A 5 38H#;
AP R LAIKALA%E K 5 %5 DW ) 70cm £ TO
i 1-3 ORI TH 5.0

3-3. FX faHA Stage Mature (DW iff 90cmLl L& 5 S
mELE, i 70cmll E 3 LA EDEFER)

HFEARE & 72 B, O F D A 4 X (Size at
maturity) (Z3E L CUREORNCTH 5, BiETHltL7z
X I ICHELZ DW A 90em LA E, 4RI 5 M DLRE,
X DW70em Pl b, fEfiE 3 U ETH L, 2ok
TSR 9. Wif] TARL7Zz X D ICEBEIIC I
WA DY E R IR /INED DWI2.5emTdh - 722 &, HE
(& DW73.2cm L ORI EIC A GO RS % G2 L
el eDOMiELE B A X Do HED DWT0cm PLRE 1%
ROMBEADPKRELSRY, MOTPHEL Y KREL, E
&b (M4), BARIEZ2? (2019) MO KK DW
(& 142-145cm, e EEEEARIT 16-18 IR L CTHEZZ
NZN 104-110cm, 8 7 & HMiF LT 5,

4. FEBH
REGTIZVERR - IREE (1971) O EEM G AEOTR
BHXAICHERLTHFIV N EZALITOWTERFEEX 5
kAT, A - TAFHOMBMOEGFENIILHTDH
) (Hamlett and Koob, 1999 ; k£ J#, 2014 : H b,
2018), HEEDMIFO DL DEFF-> TWT, WHE AL —
BDIEX TR T 5 2 EVRRYTH L2 ikmns
HEhH LN, LerLarokFaEOY £ -
AFEMEHBEOBEX G2 S5 —D2DikA L
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LTEHZEOHDLILEEZ TV,

NI TH X - A HOTOIRAEL DT #EE
&5 2 72HmEIZZ v, 72 & 21X Slender smoothhound
Gollum attenuates (Yano, 1993), 7 /1 = 4 H. akajei
(Furumitsu et al., 2019), R. bonasus (Smith and
Merriner, 1986) IZDOW TR ENH D, LTI
P OINE TR o 72BN TIME - BE L, IEE
L CEA T 2 F TOBBEI Y SN Stage (BRE)
Kb S3NTwb, Lo LAEERERICHIZLHEEFIC
MY 2MEIERL-Sh0nE-RDNL, £312HT
P2 XD ITHRIT AT A - P ET A FHOANG R R A
FE DT TN A DB THEAIX 5 2 17 5 TV B 4f
7EEd 5N, FEEBOBETIE LV, RHJETIE
F A, BANTI L —EBM¥EE L TRl
T5H, ZoORNE—FELTBENFRBE Lz, 2o
Wi 2 > Sub Stage & #&5 H CHFARBETE HF -
e AR CHEMAME LCRATZZEEZHLICL
7oo THMIMBABEORHEEREME NI ES L TR
MTEXLZETH A,

TNV PEZADRE - REOBRE TS HIHE R K
R TE 7LD ISR IZHEHE CHRE ORI E VDD
52 EThbo MEIATEMAF AN TIIMEHEED 2D o
72 (X2) HHEEKXKL T THRRATHESI N D
DTRMD I HEHh-7-2 & (BARITH, 2019), #
ABITHEDHE X D FEE - ESHNWIZW S ) T,
Ry cRIEULT 22 L &, itk (BAIZAH, 2019)
Thfeam L7272 (M) ORME L RO 2 LED D
590 T2 BIEERBADMEHEIZ DTl Schluessel
(2008) A~ # 7 b ¥ = 1 White spotted eagle ray
(Aetobatus narinari) d [ I THDH Z & MG L
THBY, FEMEIIZEL LRSS L0H0 Mk
Vo TAHEEHEMIIDREDZ RO Y A
A Rhincodon typus, %M%% L 72 Meekan et al. (2020)
Y R FEXABMEDSHEL D ITHE - EFEL, K
WmCThHDHIEEYLPIZLTEY A XMW K %W
U, TR 2 R0 R 2 R L C\nwb & L
720 FIV ML OEGROFEFMHIER S NIAFAD
FEERRA, BNRERN, BIOHFHROBEEZ X5
MEDRAEUL, HWZIROMKIFAE L) RE L,
B RSB OIHLIIS T A LS AR
WHRIEDEBEZRL TWAHEEZ BNL,

V. #AEsm—wICHEICDONT

FV N ETA ORNZR L7200, R CRE L —
EMRMZREE L CHAET 525 o E—FLT, &
NTE72 LD RN E L7z,

H X - A HOTOIBRAELMDIEN TOIREBIEZ
EBZTMmEIIS v, 28 213 G attenuates (Yano,
1993), 7/ A (Furumitsu et al. 2019), R. bonasus
(Smith and Merriner, 1986) I2DOW TR ERH Y, F
NOTIRIIDLINEZ R WA THAL - BFE
L, WEZRINL CHAET LI TOHABELFH S
Stage (BtB) XodbshTwid, BEEBXSOH
ML RLEH X - A FHORAESTFAIZIL  —FIH
W BN T WS EEIZIE Embryo 25 H €, JIE O
W R D S TRRNISAHIES B, o THEAE
EH E C—H LTV SHRTWS, AR £ THA
FEOBBETEELZDIZL L OMEEVHLNIIL:
£ IR O KD O IR AR R (7
INZ) DB HETHLDT, FHLIEIOEIE
— & DYP R S AR (R fg) 2544
o (REFAE) ~OZ LIt 50 R 21t
LLTEBZ, KNFANA =45 L T Sub-Stage 1, 2
LL72EZATH S,

7 3 Hamlett and Koob (1999) < Furumitsu et al.
(2019) 1 ZHE WA B L C Fetus (& 2), Foetal
(Fetus DIEFE]) &) iz v Tw %, Martin and
Cailliet (1988a, b) ® Bat ray M.californica \Z2\T
Fetus Z I\ T %,

AR TN THEA 28 Tl L 22k 2 A e
L7225, ZAURPERS - MRiEF (1971) A% [#4] (Young
(FHEWA2B, BWOT) F721% Adolescent (HAHFEM D
AN ZBTTBY RS2 D TH D, BELTZ
TEAAIZ DN T DOIFFRIIAIZEH IZ & > THE4 T Schluessel
(2008) &~ % F b ¥ =1 A narinari\Z, Furumitsu et
al. (2019) 17 #1112, Burgos-Véazquez, et al. (2018)
& R. bonasus |2, 312 Neonate (FrA:ME) LA 7
Bassos-Hull et al. (2014) X A. narinari |2, Neer and
Thompson (2005) *° Baldassin et al. (2008) % R.
bonasus |2, Bizzarro etal. (2007) ¥ Golden cownose
ray R. steindachneri 12, Pup (FK, KT 5) ZIFH
&L CTHio Twb, BiZ Hamlett and Koob (1999)
X - TAHOBAEFEICOWTT & h THEA M
\Z hatchling (%4£) % M\, Furumitsu et al. (2019)
37 A A R OMBIAORE S LETNLFD
R A XL DOBFTIE, fFI22WT Young & IFA
TWwWb, ZZCTRLHEEL AEEBEZERLLD
DTHRL, BEFNEWIHT B BRI E VR
%o

LHHDOBEORBAREAIIOVWTOFEL LTI,
FRAPEICT ATFE CHFICH A L R RO R E X TH
LR A A i LT ODONREH 5, K3
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62 JERWT - BA 30 - WA - IR - 35 RRVEE - ROV - S5kB— - AEAD

K3 WODPOHETHIA - NEIAEOINERINE - HER - RAFBRFRAOKES, BLURRAELRDIKREZ L
ZDREREZR
A& X (FABIF Disc width (DW) TRLU, CL IEXHESRR Clasper length Z7R9, BfiIlEcm
Table 3 Body size in disc width at the time of the absorption of the yolk and the birth, the maximum size of the embryo in the
utero, and the size to become an adult ray in some medium-sized Dasyatidae and Myliobatidae ray species. (DW:disc
width in cm, CL:clasper length )

. . Birth size Survey indicators in the size (DW) at Size at maturity
Spec‘les name ' Size (DW) at (DW) maturity (DW)
(English name / Study location absorption of (Max uterine F: fomale Reference
Japanese name) the yolk xu Female Male ’
larva) M: male
Development status . .
Hemitrygon akajei  Ariake Sound, 6-10.7 9.5-13 in ovary and uterus ']?e\:lt;cculi;e}zgzn:lp F:52.22 %1 Furumitsu et al.
(red stingray / akaei) ~ Kyushu, Japan ' (12.884) including their o P M:32.15*1  (2019)
. condition
weight
Development status
in ovary and uterus
including their
Northeast-coast 477-57.0 weight DWTCL relationship F- 150 *1 Schluessel ot al
in Australia and No data 54 or.l a efa R Development status  Testicular /clasper M 130 *1 (2010) )
Taiwan Strait verag in oocyte including  condition :
L its diameter
Z‘eltlo'tbams tr:agmarll Existence and status
white-spotted cagle in trophonemata
ray / madaratobiei) Observation in the
Venezuelan gonad . . F: 134.9 *1 Tagliafico et al.
coast 1.5 (44.5) Presence of the DW-CL relationship M: 129.2 *1 (2012)
pregnancy
Northeastern No data 410-732  Nodata Tosticuio lhaeper | Finodata Bassos-Hull e
Gulf of Mexico o o P M: 127 *1 al. (2014)
condition
DW-CL relationship
Aetobatus narutobiei The western 992-40.9 Testicular /clasper F- 90 Shimamoto et al.
(naru eagle ray / Seto Inland Sea, 20 ('3 4 1)' Uterus weight condition M.' 70 (2019), the
narutobiei) Japan ’ Existence of semen ’ present study
in the vas deferens
DW-CL relationship
Mpyliobatis California coast, Stafu:n(:ifltlltl:rl(::cyte, Testicular /clasper/ F-88.1 %1 Martin and
californica American Pacific No data 22.0-31.5 “%f’d th of the uterine V3 deferens MA' 4 5'_ 622 Cailliet (1988a,
(bat ray) coast tube condition ! : b)
Existence of semen
. DW-CL relationship
Status in the ovary Clasper condition .
Northern Gulf of about 20 32.3,(44.0) and oocyte Development in the F: 96 Smith and
Mexico 41.3 on average Status in P M: 90 Merriner (1986)
tronh " vas deferens and
rophoniemata rhipidion *2
Northern Gulf of No data 33.6 Size of the oocyte Bhvavs _pCeI; Zzﬁ;gﬁihlp F:65.3 *1 %\“I}?zini)nsin
Mexico (39.5) Width of the uterus Vas deferens coiling M: 64.2 *1 (2005)
Rhinoptera bonasus  Ubatuba 38 1 Baldassin et al
(cownose ray) Aquarium in No data 2Ommale N, data No data 2a assin et al.
Brazil (in captivity) (2008)
:;leentgetslliasmd weight in F-70.1 *1
Southwest Coast 133 Length and weight of . M: 68.1 *1
of Florida, USA Histotrophy the ovary Development in the Completion of
(in Gulf of from DW 15 and 202225 Existence of the scars :}?15 (ii(;ie;efzs and maturation at Poulakis (2013)
Mexico) above at copulation p DW 71.2 in both
Existence of semen fernale and male
in the seminal vesicle
Observation of ovary DW-CL
Gulf of No data 38-45 and oocyte relationshi F70.2cm*1 Bizzarro et al.
California (43) Existence of the . Clasper f ondition M69.9cm*1  (2007)
Rhinoptera embryo in the uterus P
steindachneri Status of the ovary . .
. DW-CL relationship
1
(golden cownose ray) Southern Gulf of No data 38.1-42 ;?l(()jc(})/\t/ei d?c(i follicle) Clasper /testis F71.8 *1 Burgos-Vazquez
California (38.1) seminal vesicle M68.5 *1 etal. (2018)
Status of the uterus "
condition

including its weight

* 1 How to decide the size at maturity of adult fish : DW at 50% sexual maturity
% 2 The rhipidion is a triangular mass of tissue lying at the tip of the clasper, which is formed in an adult. (LaMarca, 1964; Smith and Thmpson, 1986;

Pulakis, 2013)

R &9 RN A AOME D720k 4 2ilidfs AMEEGORE, WREPIRESOREHE ST T
AL THY, METIEINE, 5=, IR, Who ZD ) ZTINRRIHAR O M - FEEINE &8
KETEBMERED, ETRLEHORIRAHIKIL, DRKEE (DW) IZX$ % 50 % VEIS A 2 W] 5 2012
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THILETHATA XOHEERIT>TWDH I LDE
Vo ZORERBRI Z R THEREE LTT AT A 12D
VW T & Immature-Premature-Mature (Furumitsu et al.
2019) &) FEASH W 51, White spotted eagle ray
T & Juvenile, Sub-adult, Adult, Mature (Schluessel
etal. 2010) 2SH W 5N Tw 5%, F 72 Tagliafico et
al. (2012) & Bizzarro et al. (2007) &, TN Enh~
¥ 7 b ¥ L A A narinari £ Golden cownose ray R.
steindachneri ® 1% W # O %8 3% @ X jl T Immature,
Mature % I\>"C\» %, Martin and Cailliet (1988b) &,
Bat ray 'C % Immature, Maturing, (Full) mature % Jf|
W T\ %, Poulakis (2013) & Immature, Mature %
o TWBEY, RERFOWEMAD & DA HT Juvenile,
Adult b VT %, HiEd L7z & 9 I Bizzarro et al.
(2007) 1% R. steindachner % Pup (K, KT A) &
IO DHRNCIZRATH S Z LD, FAEMMEKICD
Immature 4 TTWb, Zbo7-HiEL LT
LaMarca (1964) Z FEZAHiHY 2 by TV H 0
Yellow stingray Urolophus jamaicensis @ DW 2 X} 9
5 R i DM EM#AL L 72 DW T sub-adult, early
adult & Vo 72 HEEZ VTV A, WTFNRIZLTHIE
7RI BEEREOX 5 & v 9 X ) FITHERADIR
WO, D F D VEMITREEAD, A% X 5
WEPSHEHELZHVWTWE LSR5, Thbom
T, Burgos-Véazquez et al. (2018) (X 7 L 72 B 24
DIEZM<%H 5D ‘Developmental stage (FEFHE
BE)'& BEE L, 3¢ H % &% L < Juvenile, Neonate,
Adult % EOFEE VTV S, BLED X 5 IRz
PHCIE, HEEREE W) HEN DL AL EAR—ITHKA
ZHFEPHVON TS, AETRLZZE)ITH A -
IAFTHRFEBICOWT RN L BEI B I NS
CEVMREI NG, FFICHAZ OV R HE
W, MEPECHBD LR THLAME LR 2]
BICT2Z TIN5,

[R5

AENE TV N ETA O S L LA
SRR OVWTORT#R (BAIZA, 2019) 1Z#
IR TH B LE->TD LV, BROKEE 52T
L S IR BRFERAEHEWFHOM IR EMETH A
&, AROKMEZE T8I T > Tz 2 W22 EaE 10
XML L B 5, miglER:, ARTHLHWEID S
VMY A OFEMIEICTHFEEE L2 - 2R
KEFKBEIFITEE DR LS H0% T BB
WCIEHBEOEZAD THILP L LIFARETH S,
B CIREARORFREN S MIICE S T, BEICD

720 IR S [ AL A /NP B SO, IR DN [l L sy
ANEF BT OIS E R R O T 4 1I2RE BHEERIC
ol WALz WL BT 5. AWFZERICHTE Lz H
stz COBROAE, B ITIIEARDR
W R 7% ERRER IR LT o700 ZNH0D%
L DOSMBE LD L OMFLZ B L LT 5. ARIEAE
A LR & LTI T & 7KL
SO - BAGEROMFERRIC L 2L 2HMITLA
ETH Do KimXDFFH LI TR OMEAZTH ) LAL
Bl 2 THWZ B ORA 2R L TEIFL & Lzv, B
— PR, HEREPEL, BRI =, T E&IME
&, EIERAIR, HHORER, MR ROF R K
PR AR E OMEBIROFEI B2 IA
HROMY TLONOPHTL, HRELXIHSZIHE, b
FEXERDIRF 2 LW BIIRR W72 720 720 #IfLH
L L% AWFZEIEAS T 15 45 BE IS kT 72 |
Wk (3 - AGAHEN]) 12X 23k % %172,

623

1) BEA (2017) @ [f] ddEEmL Y KU X b
http://www.env.go.jp/press/files/jp/106403.pdf. (= I 2017-
11-29)

2) KEENT (2017) : HEEAER L v B X PORARIZOWT
http:/ www.jfa.maff.go.jp/j/press/sigen/170321.html. ( % [
2017-11-27)

3) T (FERiEHE) (2014) - =A% (PEZAHH)
et D FEEAIN S S I B IRRIR D FEHE & BB 0 IS
W, FHOPR B ERTIE  BORE G CTA 26 4 6 H 16
HBE).
https://kaken.nii.ac.jp/ja/file/ KAKENHI-PROJECT-
23380112/23380112seika.pdf

4) g WFgeis) (2017) - =A% (PEZAHH)
FELNIAOIE A O THIFHARIRS 5 2 & DIZRERIBIZE.
FHOF 2 Bl ¢ DFECR IS CFI294FE 6 H 22 H
HAE).
https://kaken.nii.ac.jp/ja/file/ KAKENHI-PROJECT-
26660161/26660161seika.pdf

(3Zik]

PR (2006) 1 FV P EZAICL 2 MHOAE. BB
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