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Abstract The prey of whale sharks (Rhincodon typus) visiting the northern Satsunan area (western North Pacific
Ocean) was investigated using microscopic and metabarcoding analysis of their faecal pellets. The stable isotope ra-
tios of the dorsal fin and faecal pellets from the whale sharks were compared with those of their potential prey
(plankton and fish larvae). Microscopic analysis identified protozoans (foraminifera) and metazoans (copepods, os-
tracods, and amphipods) but unclassified material was predominant in their faecal pellets. Metabarcoding analysis
detected metazoans in the faecal pellets, represented by copepods, ostracods, amphipods, hydrozoans, and tuni-
cates. Comparison of stable isotope ratios (§'°C and &'°N) from their dorsal fin and faecal pellets with those of
zooplankton in the northern Satsunan area showed different feeding histories for the whale sharks appearing in the
northern Satsunan area.
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Y v RIH X (Rhincodon typus) 13, TREFM T >~
PRAHY v Rz ARICET 2 MR KOAETH 2.
RUGFE = KFLE « A > FEEO BN ~ s Tk (B i
35E~FEREB0 IS L TR Y, BRICE > TSI 61
ER A~ O e, IFEES T TR (MPEET LI
Hsi8e 6T 3 (WH 1995, Colman 1997). i /AT
YA ZDNECZ MR THIB L 2D dH 3 728 (Stew-
art & Wilson 2005, Theberge & Dearden 2006, Bradshaw et al.
2008), EEREAMHEHEAL Y F U 2 b Cl3HIEERT
FTHRE S LT B (Pierce & Norman 2016). Z D —J5
T, AErEh, BOEARRE, HAAREL Y ORI ETRE
HEZZIHN RS R AN L T\ % (Rowat & Brooks 2012).

VY RIHYFRNE AR Y VIROMHECIE L E S i R
THY,
Vertical Suction Feeding D %7 2 fHAIITHI I L T 3
(Motta et al. 2010). Surface Ram Filter Feeding \3 2% Ji& % ilf¢
Tk U755 b 8BRS 2 2 IR AIACHEHTTE), Stationary
or Vertical Suction Feeding V37K & 72\ BRE il vk L 75 A3
D I ¥ R A5A A & Wit DR SHEATTEITH Y,
WINGIHERNZIEEETH L. DL fcﬁi‘%ﬁﬂﬁ'@
LA LT YT v A OEILENEY OIS, B
HRECIRR BRI T 2877 v 2 v 12 )"6‘7”;
<, /NSRBI, Bl 2R AR SRS 8
T\ % (e.g, Motta et al. 2010, Rohner et al. 2013). A
DOEEIC O W TRITEIBIS > L S iEE S hic b 0D
(Nelson & Eckert 2007, Ketchum et al. 2013), EAKI1 72 {4
PIORFEICIZE > TRV, Iy _RTY G B
2> O P A~HEWT T 2 12 ORIy RhiET 2 v b b
% 73 (Hector et al. 2018), ¥ ¥ XY X SICEEEIGE 2 ©
BT 2 B OV M e e LTw 23 0
DB TR,

AR, AR ERME 2 COEReGF o5
LHERINRLLRRITIC & - T, BYriassS = FEM 9 2 st
WEZ L ITHNTW B (Aita et al. 2011, Wada et al. 2013). &

To, TERERRNITC S IR YE» b BIEFIC & Y
BRI ERETS 22 aN—a—F 1 Y Ic & - T,
BHA=W %2 FIR 9 2 WEZE B 17D AT % (Hirai et al. 2017,
Kodama et al. 2017, Kume et al. 2021). - C, ZD k5
IR RN ORI 2 TG, FIEARMIHG Y v Ry
xwﬁ*%*ﬂﬁ?%*tﬁﬂ*T@% % ALY

3, WAMEEATIS O TR X ZoN—a—F 4 ¥ ZfiRkT
¥ ﬁﬁ [N A LT 2 fll A &b, i e el 1o Skl

Surface Ram Filter Feeding 35 & UF Stationary or

31 B T v R A DY) 19

T BTy RY X OREYNCEEYT 2 iR RS
THRET 3.

M A&

ﬁm%fﬁﬁttvy&Lﬁxu mw%sﬁ%i@
6H, 20194F5 1 8 & 8 HICERBIRIRFEOEEHE T
RSN B 244k TdH 3 (Fig. 1). BED 36~
61mTH Y, KA GHEREAHIBIT S 25 7205,
%B~Du%?@ofawkn kAL & FBIE, &
ERIC B THEO 2 YR L, ZE FNAMRIT I AL
Lz ﬂ]M:C:BOhUD GEEET 2 L, EAAR
HE CHIlE R 245 DA BRIt & 7o 38 & BREC L,
20CTHHMEL. N OMBIIME L, K
EE R (=2 v 18l sMz1500) TR T OFEIICEH 2 b4
M wER L, FY2uh x5 (=2 DS -Filc) T
ﬁi?/bfi.

LB RR T L L e i 775 >~ 2 b v (n=5),
v FEWI TS v 2 b v (0=140), {TFHESGUE (n=101)
VE, AR I o BN S KA i R AL T
201446 A ~20164F 6 H O AR Z=HipNCERIL L 7.l
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Fig. 1.
faecal pellets using fixed shore traps (stars) and their potential
prey (circles) around southern Kyushu, Japan. A, B, C and D:
Sample ID.

Sampling locations of bycatch whale sharks and their
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Table 1. Information on the sample collection of dorsal fins and faecal pellets from bycatch whale sharks. TL: Total length (m). WT: ambient
water temperature (°C). MS: microscopic identification. SI: stable isotope analysis. DNA: metabarcoding analysis. O: done.

Analysis
Sample ID Sample Date TL (m) Sex WT (°C)
MS SI DNA
A Dorsal fin 23 May, 2018 O 54 Unknown 23.0
B Dorsal fin 20 May, 2019 O 6.1 Male 23.7
C Faecal pellets 14 Jun, 2018 ¢} e} 5.1 Male 24.1
D Faecal pellets 7 Aug, 2019 0o O 0O 3.6 Male 28.5

KPR R » b C/KIES0 m A & $AE WIS TERER L 7.
Bmm i KBUE S 2 BHATE BEEEE (Thalassiosira diporocyc-
lus) B & OCBEIEK S 7 7 827 7 Y 7 (Trichodesmium
spp) AR LT AL, iBMEKTHETE, 100~500 7
K% PRETALEE U 72 77 5 A REHERARIC 8 o T FNLIA R
Wik Lic. 2y bVEWIZ 5 > 2 b v B & OFHERER
RHE, K200 m b & WFELHERFEHEIEES v bz L B
FAERD L{IORIR Y M & 3FHTHRCERLE. &
DD b RAATEMBE (Y > sz (i Blsze1 B L F=a
> #BISMZ1500) ® - THBERBNCARIL, 1~300E
x5V by iy M ED TEERNE RIS
A Ll ZEEMREITCAE U 7 BiERlg, L'
AREBEL LTIV 7 b vy MWCED TEE
EL TR Y LT,

LEFNL AR I, Aita et al. (2011) D FEICHE -
o, RRERNAAFENT AL 2 4ZEA13 60°C T 24 BFRYFZ 1R
I8, 2mLAA TV L:, 2y FEI TS U2
oo B WEEARIL, X& - irun T3 vaiR
B R 2) ZMATHoICHEEEL, 6154gT10597
EEROSEEE, By S i EBAREB . o
PIP 1~3EE DR L, 60°CT214REEZEIELLD
otk Uic. ok s FevicB L, HE
E7HET (Thermo Fisher Scientific #£3Y FlashEA1112-+DEL-
TAV)C, REE L UERLTEBMAELEZREL 2. K
TIEic B 2 HIERERE, 202 TH53. 28, WSS
v b UERLSERORES L CERTERNMALIE, Y
RIS TR S N FHIN S T8 & O 7 OIFHERE
LTEHL:.

REN=2—=F 4 v ZHENTIE, Hiraietal (2017) D75
BRI - 7o fRER L 7 3B (EHA D) O — &8 (n=3) & 2 /¢
F o ST L t, DERACRETE h - L HRE
DM (=) P ARERKIRY (n=1) b ¥ ¥ £ v b THEL
L, 5%Chelecx {30 L &M Z 7215 mLF = — T A
NTHREYFA XU, 95°CT200MENEL, 12000
rpm, 173 &= OB L 7. QubitTMAssayﬂF > b (Ther-
mo-Fisher Scientific #1 84 Q33228) % ff -» T DNAEFE % Hf

AL FBAE Y, PCRICHEL 2. EREY O—H2
T4 —"Td % 1389F 8 & TV 1510R (Amaral-Zettler et
al. 2009) ZffiF L, PCR¥ v + (BPERG1E 6606017) &
\*, 18S rRNA O VORI & HEIiE S ¥/, PCREEWIZ DNA
BEEy MF 77 i QlAquick) VTR L /2.
83 NI DNABE © 384%%, IMumina Miseq %
R L T2x250bp D B FELFI ZEF L 72, V7 b
Y = 7 Trimmomatic (Bolger et al. 2014) 33 & Tf Mothur
(Schloss et al. 2009) 2 - T, 1§85 NIBETESD &K
mE RS DBIET ZFRE L, Tara Oceans Project H3 32 {H
9 % V9_PR2 Reference Data Base ¥ FiV> T EBERIC 5 H
Liz. &7z, 23220V ko THELNZESZ 5
R & — (OTU: Molecular Operational Taxonomic Unit) %,
ERAEYEORE Y LTRIA L. BOTU OEF % Ba-
sic Local Alignment Search Tool (BLAST: https://blast.ncbi.
nlm.nih.gov/Blast.cgi) IZ THER L, DB REL .

= R

fAtkC B & CEED OEBUZ, WITh b ERICER
BEH T2 (Fig. 2a). BRMERMRAT CIZEBRHIC R
ST FY, TG ORI (Fig. 2b) BT (Fig. 2h, 1) 8

RINboo, HNEFEE» SRETERy B
7o v by HERNE, B4 7 VB (Fig 2¢: Pseudodiap-
tomus sp.), Ui BEE (Fig. 2d), HHH (Fig. 2¢,f), HILH
(Fig. 29 DAHTH o7z,

D7z, BEMEEFTCHRIT S B uEET 04
WKDOWTUE, A RN—a—F 1 v 7T -7z, A
DOHEMTIIHEEABRYO SR + Th 2 BHEOBELT
DY — FBDOI7%LUEE D/, 247V, B
i, BRRE v FodEoBET LRI N (Fg
3a). BBLICHER S - PRl A C X RPBHOEET
2591% % 5®, BFHGER ), 47 VHE, HEED R
3., REBRRYD O 4 7 VEOBETHE
CHRHE SNz, iREEE, B, ¥ oS EHEM TS
YZ Fv(e Fodf - v, BESWM S5 2 b



FFIE7 - ILERERIHRIC 311 2 ¥ v R X DY) 21

Fig. 2. Images of the material and organisms observed in the faecal pellets egested from the bycatch whale sharks at fixed shore traps in June
2018 and August 2019. a: Whole image. b: Unknown particles. c¢: Copepod (Pseudodiaptomus spp.). d: Amphipod. e and f: Ostracod. g: Fora-

minifera. i, and i: Unknown materials.

v (REEH - ) bl s e, EBEORR M) B LT
FAEY T 5 > 2 b v OMEIET 2B ¥ (Fig 3b), fifk
D O #1213 Calanidae, Eucalanidae, Metridinidae, Para-
calanidae 7 A 7 3 fH, LR o HREEHR S 2 512
Pseudodiaptomidae 77 4 7 ¥4, NEIEHLKYI T 13 Calan-
idae, Eucalanidae, Metridinidae, Oithonidae /7 4 7 > i3k
Hani.

R B 23y FEI T S v 2 by B LT
HFHEF O ZERIMIALL 2 i3 2 ¥, MERMEx v S8
75 v b v (0PC: —21.9-—19.2%0, 0°N: 1.3-6.1%0) &
LARERY NI TS v 2 b v (67C: —20.2-—18.4%,
O"N: 5.2-8.0%0) < 11 HE £ (6"°C: —20.0-—18.5%0, "°N: 5.1-
79 TEWEAZ R LI, Yy RIY X HIEDSNIZA
By FEI TS v 2 by REREE e L e —
T, SPCIdE R R L. k70, EEOLEERIMIAL
WAl AR S D ER o 6 A, {EAAB (5°C: —16.2%0, 6"°N:
5.5%0) ¢Z LE T A A (5C: —15.8%0, 6"°N: 8.2%0) T &\
xR LUc. ¥y R RO NGRS v R )
W75y s by e LU s, SCCiEEmuviEE RL Tz,
7, HBOZGERMARIC bR TED S, ik
C (0°C: —19.7%0, 0"N: 1.1%0) tZ kb ~ T il fAD (5"C:
—17.8%o, 8"°N: 5.5%0) T\ M 2 73 L 7.

Z £

VyRz YRR IcREShTw b0, #
LMo b7 v 74 v KO EILENEY)
(Rohner et al. 2013, Sampaio et al. 2018) <° & fH 1T H)] (Motta
et al. 2010, Ketchum et al. 2013) DEIEUCHEH-> TS 7. 1
LOMEICLZ Y, BREOX Y Y ad 4 X (#H 1 mm)id
iR 2y FEWI T S v 2 F v RBHY L, AAT Y
Je o A% 7 P - TIAEE SIS o WS
W7o o by, B HEN . e FedHL Yo
¥ISFVHEIY TS v by pEREEYTHE L S
(Motta et al. 2010), /NUDTEHL HIH, ALY~ T
O, FELRYZS LAY ST B (Beck-
ley et al. 1997, Wilson & Newbound 2001, Duffy 2002, Hoft-
mayer et al. 2007, Stevens 2007). D & I, V¥ RZH
X OEYZZRETH B 2 v IiThl 2 T (Ketchum et al.
2013, Sampaio et al. 2018), ¥ > X4 X O H BB 3K
Wi DIWHEATTEIBIS L L v v 20 6, LSRR K
B NS OEEYE o Tww». AIIRICE
W, HEHUCINEERROFRAE S 2 Bl hske T DA o
fotc®, BEMMEEENT LAY O RIS IREET H o TC.
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Fig. 3. Composition of sequence reads (SRs) for all eukaryotes (a) and netzooplankton (b) identified from the faecal pellets egested from the

by-catch whale sharks at fixed shore traps in August 2019 based on metabarcoding analysis. Host is represented by fish genes. FP: Faecal pel-
lets collected in August 2019 (Individual D). CRUS: Crustacean setae and parts in the faeces. PART: Unknown particles in the faeces. NO: No

occurrence.
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Fig. 4. Relationship between ¢"°N and §"°C for phytoplankton
(diamonds), omnivorous zooplankton (open circles), carnivorous
zooplankton (open squares), fish larvae (crosses), and faecal pel-
lets (FP: open triangles) and dorsal fins (FIN: solid triangles) of
bycatch whale sharks from fixed shore traps. Bars indicate the
standard errors. THAL: Thalassiosira diporocyclus. TRIC: Trico-
desmium spp. Note that means and standard errors of zooplank-
ton 9"°N to §"°C were computed from seasonally collected sam-
ples.

Zhug, RIMEAROIEE T b tEA TV 2 72, B
WERRS AN O T TR 2 FIR$ 2 0B H 5 2 ¢
PRLTWE., N E T, ZERNAL Borrell et al. 2011,
Wyatt et al. 2019), fIGHil# (Marcus et al. 2016, Rohner et al.
2013), JHE{z ¥ (Jarman & Wilson 2004, Meekan et al. 2009)
Eflio oS TR Y, BHEMRA ¢ Rk 2804
I I N T 2. KFRDX ZoN—a—F 4 ¥ iR
Wric & 2 ¢, SEMERTC© bR S AL YO
LT S0 by, hA T VR - mlE - BRI Y
ORI 75 > 2 b 2T, e Rl o
o BRER YOI F Y HBIM T S 2 by bR
Hahiz, x2o—a—74 ¥ ZfRHrc 3Bt &
DL ONEBESRININTE Y, HEENTEH
bt - LI T WA R T 2 DA TH B ¢
EZzbh3.

Uy R RS EEE% (A58 3 % A5 (Eckert & Stewart
2001, Sleeman et al. 2010), v FEWIT 5 > 2 b v 2l
Y BT M IS 2 e pHECEIS S 1
% T ¥ D5 (Compagno 1984), (XIS O L )1 D
B A~ ZREH A 2 ¥ & 2 6 T B (Wilson et al.
2001, Stevens 2007). #EBlL2> & #iHH 3 4172 Pseudodiaptomi-
dae % Paracalanidae 7 1 7 ¥ $la HEA~E i ©
EAE % HN S 2 2 72 (Liang & Uye 19962, 1996b, 1997
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Hidaka et al. 2016), FHZ L 72 ¥ > R X 3B
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fE DOCH HI2% T <, SNBP1% BV ¥ 2 b
(Hussey et al. 2011), fE{&A & & OMEKB DO g3 ILEDRER
BEIC BT AFHEACELUL I CB LU NEE T
3. VR YREHBOBESEESHIETHE I
LEET 3 Y (Wyatt et al. 2019), KA E & AEKBT
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5, fEfkCIEItEEREEO Yy VBTS2 R
PHERL Y HRVCCE LU NOEREHEEL Tk
Y, fEkC Tt sy 3 BEEIEV ¥ 2RE
LCw3. 73 8BEMMEk & 2y, s HIR
TEI U RIY R ORERMT 24 CHEES R, 2y b
L1157 A AN A AV Al y QR QER B Oe 3 = {oY - LY b i
(T 327 ) ) B EFENCEE L T 2 EEM:
PR ST B (Wyatt et al. 2019).  WRRHEE T3/
ARRRE 2RI U O R EARE © FIFTAIC R L T 3
¥ b (Wyatt et al. 2019), JLERRERSHEENC IR A A
FIZgcad, NEEEAEISEL T30 b LN
0,

VY RIHFRFRL KB THEIN T 250
O, KFEEIEY 2 tREREcH 2 Zerd, FAER
RV E R FNAIRSRINL T 3. AR TR
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T2 RIS 32 2 ok » T, RERMEDELEY) »iiE
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WRHBELRBRELNE LD LR,
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