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Spawning area of torafugu Takifugu rubripes in the mouth of Tokyo Bay,
inferred from fishing boats catch data and egg surveys

TeTsuya YAMAZAKI,™* Taxasa1 YANAGIMOTO,? Suicenort SUZUKI?
AND Ryoset NAKAMURA™

'Kanagawa Prefectural Fisheries Technology Center, Miura, Kanagawa 238-0237, *Fisheries Resources
Institute, Japan Fisheries Research and Education Agency, Yokohama, Kanagawa 236-8648, *Head-
quarters, Japan Fisheries Research and Education Agency, Yokohama, Kanagawa 221-8529, Japan

Based on catch information of large-sized torafugu Takifugu rubripes during the spawning season in
Tokyo Bay and reports of the collection of natural juvenile torafugu in the inner part of Tokyo Bay, it was
assumed that adult torafugu migrate to the mouth of Tokyo Bay and spawn. As part of a study to examine
the spawning migration of torafugu in Tokyo Bay, we analyzed catch records from recreational fishing boats
to determine the size characteristics during the spawning season and attempted to sample the demersal
eggs to identify spawning grounds. Adult torafugu were caught from mid-March to mid-April in the mouth
of Tokyo Bay. In this period, the number of torafugu constituted about 80% of the total catch for the survey
period from March 18 to June 2, 2018. DNA analysis of the sampled eggs revealed that 18 of them were
identified as torafugu eggs. This study has identified the mouth of Tokyo Bay as a spawning area for torafugu,

which is the second such report on the Pacific side of Japan.
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Fig. 1 Division of fishing areas and the sediment sam-
pling area in Tokyo Bay. Solid lines indicate the
sediment sampling transect lines and the closed
circle indicates the water temperature monitoring
site.
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Table 1 Number of samples in Line A and Line B, and
number identified as torafugu eggs

Line A Line B
Number Number Number Number
of identified as of identified as

samples torafugu eggs samples torafugu eggs

4 (Unknown No data No data

10 April 6 egg 1-4)

. 7 (Unknown 1 (Unknown
17 April 14 egg 5-11) 2 egg 12)

. 1 (Unknown 5 (Unknown
23 April 12 egg 13) 12 egg 14-18)

Numbers in parentheses indicate the ID of unknown eggs.

RBHIT4A1THB LV 23HIZW T A ~ L Th-15[H7F
D7z (Table 1),

MET, WRELLHRYERA LT EKE 7T A
Fv TEICAN, TOICHEEL, LEARE HEW500
wmdD7F 7 Ay Medll, TIT M A
WIZEE S 72 2> TV e Lize 2 7i99.5%
Iy —)VCREEL, #¥blioiz, RH, 7 EsE
RSEMEECRREE L, IEREH L7z,

FigHh L 729013 DNAJHH & v » QuickGene DNA tissue
kit S (KURABO) # HI\»CDNAHE %47 - 720 #liH
L7ZDNA% 7> 7L —bFIiZ, 3 b3 F1) 7DNA
(mtDNA) oY b7 a—LcetF ¥ —¥H 7=y I
DOEBS4E (COT) 122\, PCREGIE% 17572, COI
FE OBEIEIZIZ L =N =V T 5 4 <~ —DLCO1490 (5'-
GGTCAACAAATCATAAAGATATTGG-3") K OFHCO
2198 (5-TAAACTTCAGGGTGACCAAAAAATCA-3")
% 72,2 il L 7-HI4 DNA 1 pL 12 10 X ExTag buf-
fer (Takara) % 1uL, 2.5mM dNTP (Takara) % 0.8 pL
(#i#5 0.2 uM), 5 U/uL EX Taq Polymerase (Takara)
% 0.1pL GRIEEE0.05 UML), 794 ~— (%410uM)
%05 uL (£0.5 M), #EA10uLIZ7R 5 L) 128
MK 6.1 pLE RN L 720 PCROFUSEME, A2 95°C
T2 M &M & & 728, 95°CT30Fs, 50°C T30F),
72°C T30 DY 1 7 V% 350 DKL, mEIZT2°C
TTHHOBBMERS L Lz, 55N 7-PCREW%
1.5%7 #a— A7) (NuSieve3:1, Takara) THE5%
KENR, TFYYLATOTA PRI X o THIEED %
TEFE L 720 BAMEREW) 1 ExoSapIT (GE Healthcare) %
JHWTHR L 72, & 512, BigDyeTerminatorKitVer3.1
(Applied Biosystems) BL UK 7 I 4 ~—%2iRINL,
= VAN EIT o YT VAN T ) —
Uik TR, v ¥ 9) — 2 —7 v ABI3730XL
(Applied Biosystems) TEAKEI L T184 > 7 (LL
T, ARBHII-1H S AWIE-18) OEIERYI % PeE L7z,
7 A ESTAEY S~ # — (NCBL https://www.

ncbi.nlm.nih.gov/) @ Basic Local Alignment Search
Tool (LLF, BLAST) # MW, kEOHEERY] % 14
SN -18 E MO S W R L, k%
B { LAZ10BCH), 8FE (b9 77, BT A, FATY
~) BEMEE Lo, S612, HARBREICERT S H
57 7)&*® ® 5+ NCBI® GenBank (https:/www.ncbi.
nlm.nih.gov/) |2 COLFEI D BN D - 72118 (7 7
A7 7 T. chrysops [NC_011624], 7% 77 T. albop-
lumbeus [OL674400], =T ~ 7 7' T. stictonotus [KY
5140741, 2E Y 77 T. flavipterus [KY514068],
~ 77 T. xanthopterus [KY514071], > aw¥% A4 77
T. snyderi [0Q700756], % ¥ 7 7' T. oblongus [0Q
700657], F 7 7 T. vermicularis [KY514079], &7
> 7 7 T. pardalis [KY514067], ~ 7 7 T. porphyreus
[LC800160], & ¥ 7 Z' T exascurus [NC_011622])
%z, MEGA7® % fi\»C, Kimura-two-parameter
B X ) RIZHEEE KD, ¥y TIKIRT— 5 O
|2 Pairwise deletion Z #0 I L, dTHs&E G 12 & %
St 2 R L 720 SR o F X 1000 A1 7 — X
N Ty THGEPIC X o TR L 720 SR IEIERLS13 57
HAZF W FE T © H ADNAT — % /N~ 7 (DDBJ,
https://www.ddbj.nig.acjp/) |2 % # L 72 (Accession
No.LC726181- LC726198)

& R

BN IR P oM AL, BREX G O5E
E# B X O'CPUE % Fig. 212/R L7z HACIAM P IZHE
1,221 ADSEAR L, IE~IEH L824 H TH - 72,
721632 7 7 7SN, CPUEIZ0.13R/A
Tholzo MESEREIZAH3H SN 13RT
HY, CPUEOREEIZ3 A 18HIZRAKD1.80/2/ AT
Hole VITTIETHEMHOSHISH2H4H20H
F TS S Lz L L, WO THREREMD
0RZFSHF L7421 HURETIIHE S N HEPKT
L, ER43EHTORTH o720 bT 7 7 FIHE
EN/3HI8SH”BH4H20H T TTAHRM144 A8
S, AEMIEANICBIT 52N 88.3% % b Tz,
ZOM O CPUEIX0.39)8/ N72 5 720 A AN L4
H21HLUKE BAtiZ4H23HDEE, Zhen s 77
W62 a7 A4 7 ZHGICE T L7272 O3 3EHEh
by, HEKEIZIL-S0OmDH815mIcE %o
oo a4 7 IV EEZT24 823 H UL 17
A S, FICPUEIZ0.02)2/ A& fkh o7z
WM, 4DODOREX S ZNZENTTI8RE (0.7kgH
i, AR 1), 38 (0.7kgll B 1.1 kgHim, &
AERR 2% ), 38/ (1.1 kgl 2.4 kg oRiii, e AHAE
36), 9B (24kgll b, 3mbiLb) 2989 Eh, 0.7kg
K X305 b £ o720 PIERENE D 5722.4kgk


https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
https://www.ddbj.nig.ac.jp/

328 s, MR, 5K, WA

60 1
5 (a)
= S50 A
g
S 40 4
1S
5 30 1
Ka)
g 20 4
g
2 10 1
o
Y

] (b) W BW<0.7kg

= 127 W 07kgSBW<l.lkg
2 10 A O 1.1kgSBW <24kg
<
3 B BW<24kg
[ 8
S
B ¢
g 41
=
Z 24 i II |

0-

2.0 1
2 ©
Z 16
»
_Q_*; %1.2 E
28
< 000'8
£ £
Z 204
5 = é ﬁ
5§00+ . - o, o
" 5 § 5 % 7 2
= s 2 % = £ =
= = =) — > — o
Ay (=] (o] (=3 (] (= N
U N N N

Date

Fig. 2 Total number of anglers (a), number of caught
Takifugu rubripes in each group (kg, BW<0.7; 0.7<
BW<1.1; 1.1<BW<24; BW<2.4) (b), and daily
CPUE (number of caught 7. rubripes; anglers) by
the two fishing boats (c). Boat A operated for T.
snyderi from April 21 to June 2, while boat B oper-
ated for T. snyderi from April 23 to June 2. The
dashed line is drawn at the boundary between April
22 and April 23 to indicate that both boats changed
their target from 7. rubripes to T. snyderi.
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Fig. 3 Spatial distribution of weekly CPUE of Takifugu rubripes. The size of each pie is CPUE. Each color section of the pie
indicates body weight classes (kg, BW<0.7; 0.7<BW<1.1; 1.1<BW<2.4; BW<2.4) of tiger puffer. The cross indicates
that the fishing boat operated, but no 7. rubripes were caught (no data).
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Fig. 4 Surface (1 m water depth) and bottom (35 m
water depth) water temperature in Kaneda Bay.
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Table 2 Haplotype frequencies based on the sequences
of mitochondrial COI region by sampling area and
date

Frequency

Line A Line B

Haplotype

10 Apr 17 Apr 23 Apr 10 Apr 17 Apr 23 Apr
2018 2018 2018 2018 2018 2018

2018/3/1

2018/4/1

Date

2018/5/1

2018/6/1

HT 1 1T = 1 - - =
HT 2 3 5 — - - =
HT3 — 2 — - 1 4
HT4 —— — — - - 1
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Fig. 5 Neighbor-joining tree of mitochondrial DNA COI region sequences. Bootstrap values >50% are shown on branch
nodes. The scale bar is Kimura's two-parameter distance. GenBank accession numbers are as follows: Takifugu chrysops
(NC_011624), T. alboplumbeus (0OL674400), T. stictonotus (KY514074), T. flavipterus (KY514068), T. xanthopterus
(KY514071), T. snyderi (0Q700756), T. oblongus (0Q700657), T. vermicularis (KY514079), T. pardalis (KY514067), T.

porphyreus (LC800160), 7. exascurus (NC_011622).
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