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The season for efficient release of seedlings of the Kuruma prawn Marsupenaeus japonicus
relative to the population of the Sharp-nosed sand goby Favornigobius ggmnauchen in the
Kosugaya tidal flat of Ise Bay

HARADA Makoto"!, NOGUCHI Daiki?, SUGAYA Takuma, YAMAMOTO Naoki™,
MIYAWAKI Dai”>, KAWAMURA Kohei'%, YOKOYAMA Fumiaki”, OZAWA Tosiharu™,
ACHIHA Hideaki®> and HATTORI Katsuya"®

Abstract : We investigated the effective season of direct kuruma prawn seeding on tidal flats using genetic
paternity analysis and by releasing seedlings earlier than the typical seeding season (from June to August)
by manipulating the production of spawn. The percentage of recaptured seedlings that were released in
April was higher than that of seedlings released in June and August. So the effective season of the kuruma
prawn seedings directly to the tidal flat would be supposed as earlier -season just as April. It was
accordingly observed that the predation of kuruma prawn seeds by the short-nosed sand goby, which is
common in the area of kuruma prawn seeding, was weaker in April than in the normal seeding season.

Predation by the short-nosed sand goby would influence the percentage of the recaptured seedlings.
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Fig.1 The areas where the seedlings were released
(indicated by St. A, St. B, and St. C) and the fish markets
(indicated by e) that were surveyed for Kuruma prawns that

were caught by trawl net fishing.
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BIZOVWTHT LHHRICIEHA LN E 2o TV,
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D-Loop fEIDLFI R N~ A 7 a¥7 7 A b DNA ZHL DfiF
Pric & v EEFHRR, BTEENFREL D, Ihb#EE
BRI L 0 (a2 1B T & 2 ETsER Sz, b
2 ¥, MEAEICE T 28T v OEINHIEEANT B FR
SNz &b, RARBTEORBEHICEETS L
B EEAENSHERICITAD L2k, ¥ jEkizE
FHLMNATON TV B EFRRIITI Z L bAREL &2
ofc, MEAEMRHZERICLEES, KEMEWES
TIRABRDOEWEZE L Bt A TOREEYH DORIENE
RBHLLEBIT, IV EDOREY ORI L TEEK
T ST TR I TTAE OB I BN T & 5 L i S e,

TH LT b, FRBRICEERRT 2HEICRBNT
PROBVEFRAERIET 5720, EFELEFCTHh
ThBEERICL VB CE ARG 2L, BB+
DS ZRET D L & bIL, BBROREADRE
L OBFHEICONWTHRET Lo TZ ZiciiET 5,

HRRUAE
(1) BEEHI LI TEDEHEEE LR

2010 4BV TIL, 4 A 29 B, 5 A 1 Bic—@&HE
(Fig. 1, R T —EHT) TKB ol 268 B2
BRSNS L CERER (2010-1E%) BT A LA,
7 A 3 BIT—AMB TKRBIT SR 226 B2 i
HIRITINA UTEROF (2010-2 EIk) L7z, BRIz 3 — KA
TRE% 200 M UKEICINAEL, SMELEShEEZENE
N 30~37 AMEABEER L7, ° fAE LRI, 2010~
1 EIRIZEBVTIE 6 A 8 BITREILIE~200 5/&Z, 6 A 10

BT/ TIE~400 HR, 6 A 13 BIZ—&TE~ 350
TR S viz, 2010-2 ERIZEBWTIL 8 A 10 AIZ
INERTIE~ 250 HE, —&FE~350 5%, 8 A 11 A
/N RTIB~ 250 FRMAKI S iz,

2011 FFITRWW T, FEFAEM THRE L T 72 HER 26
B%FIRREAE L TR, 3A6HE 3 A 19AK
FREL7- 10 BE2 HERIR (2011-1[E%), 4 A 30 A, 5
A 1H, 5 A3 BIC—AmETKEBT Sl 223 B
ZRRFERZEINCUNA U CERIR (2011-2 EIR) UM 6 A 26
H, 6 A 30 Biz—f&ifis RSB St 260 Ba
FEREEICINAY L CERIR (2011-3 [EIR) L7z, SRix=—
REICTRE% 200 M KEIZIRAEL, SMELizhExZ
nEh 30~37 BMAEEE L, © fF LEEI,
2011- 1 BHRIZB W TIZ/ e TFIB~4 A 5 HIZ45.8 5
B, 419 BT 35.5 F&, 2011-2 ERIZBW\TIL6 A
4 BIZHRILE~200 02,6 A 7T BiIC—&TFIH~250 T )&,
/NFBTFIR A 500 TR B S iz, 2011-3 BIRIZE W
TIX7AH30 A& TA3 HIT—ATE~E 450 TR, 8
A 2 BIZ/MBTFIR~400 T RS HUE S iz, 7238, 2010,
2011 4F & HERIMICHE L MERIT, TR0 —HEZHE L
T 99.5% TFATNa—LTEE LEEGFTKEE T
BRIF LTz, Eio, MEL bR ITREHAKET bIERK
FIZRAE L CHIRAE TBEL, T A RIS X Y KE
WHEK & & B IR LT,

(2) MFEBOBHAE

2010 4 8~11 H & 2011 4F 4~12 AIZBWT, ZHE
T/~ EEEEL T 5/ NEBIREOE EEEoE
RARBITHEG L 2o TWBH—aATME L EikTE (Fig. 1)
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Table 1. Microsatellite DNA markers used in the discrimination of the parents of the seedlings

Heterozyogosity

Locus Number of allele PIC* aner' seqtlence
He Ho G—3)

F: TGTGTGTGTATGTGTGCTTGTG
Mja3_01 3 0.250 0.242 0.215

R: TCTCTAATTCCTTTACGGCCAC

F: TGGAGTTTGTTTGAAATCCTGA
Mja3 02 4 0.250 0.700 0.605

R: CTGCCTTTGTTGATGTTTGTGT

F: GCGTGATGGTAGTGAGTGTTGT
Mja4_03 9 0.857 0.901 0.819

R: TATCTATCCTCGTCCCTCTCCA

F: TTTTAGGGGCATTTTAGCACAT
Mjad 04 12 0.750 0.958 0.890

R: GCAAATATAAGCAATGCCATGA

F: TCATCTGCTGTTTTGGTGAAAC
Mjad 05 8 0.750 0.867 0.789

R: AAAGGAAGAAGAAATTGTGGCA

F: CGTAACAGCTCTACCTCCGTCT
Mja5_06 8 1.000 0.800 0.725

R: TATCCCTTCGTGTTGTCGTATG

F: GACGATTCCTCAAGGAGACAAG
Mja5_07 7 1.000 0.850 0.770

R: TTTGACTTCGCGTTTATCAGAA

* Polymorphism Information Content

AT D—E 0 LUK Z BB L T 99.5% =4 /
— NV TCEERGFEL, STicfLi,
Q) BIZFEHDERNT

FESR U 7= MEBL R O 7> & O DNA ORI TR D
DNA flitH=F > b (QIAGEN #L#! DNeasy 96 Blood & Tissue
Kit) ZAWiz, B L7z DNA 1ZILAS V) OFEICHE-
TPCR RJSIZHEL, 2 b= KU 7 DNA @ D-Loop #EiE &
V=A 7 aH¥F 51 h DNA DHIEIZ AV 7=, HEIE L 72 DNA
WrHIX, ¥ 7V —&A7DDNA > —27 =¥ — (ABI
#84 Applied Biosystems 3730x1 DNA Analizer) %W
THERSE I EIER O A XEait Liz, £z,
DNA fiff{ & DNA ¥ — 27 = —TOHHTE, (BF) BAA#K
&8 (RERELTAKEFE) TEMB L, #HIZOW
TIRI PV RITINADAT B E AL TR (HRE
MKEBGR # HEE T 2 AR EE R84  EE
EEDBRHIRENE MRDROERDHECLD I V=
T ORI OEENl, FEES 22052) ] THEL
1O~ A 70774 RDNA~Y—H— - ST ~<—
v b (Tablel) IZ&k o THEEFRHZEE L, BEY
IZOWTHE, T b=y RU 7 DNA 4Tz THiER & 36
BONTREZA TEROBELZREHL, Zhbizon
A 27a%T54 FDNA~——IZ &V @R %2R
LT, WAL? OFECHE> THRITZEZHE L,
4) WMRBOEEEYRAE

FEEOEEREREINTEY, »OFEFRTNEMS

Ni/BTRERESRE L, &1L 201046 A~
9 A, 2011 44 A~8 AITA 1~3 Bkt 2D E
L7z 6 Em (Fig, 2) (BT, st & /LM T/N
ABUTHE (Fig.3, BACE 2m, ME 4mm) % 30~120 B[ %
WL THEEOAYZRR Lz, 2 \WHEEBHZ W TIX
hh A & &% GPS (GARMIN #H8L etrex) THIGZL TR
Teo BRERLUIEAEMITRBBEEDIZZ —T7—R vy 7 TR

Kosugaya Fishing Port
(]
@
Kosugaya tidal flat
®
(]
Sakai
N
w - +
[ ]
>
. 200m
kaminoma

Fig.2 The collection points (indicated by ‘@’ ) in the
predator research study in the Kosugaya tidal flat.



Fig. 3 The small fishing boat (a) and the dredge net (b) used

in the predator research study.

&, KORE U OKERBIGEEEENZRT (B
AR ASHTEIR) AL, 28 - MEFEEZITO
THEE (K-20°C) TRAEF LT, FRIOE THIFEHLR
Bzt v AN¥ Favonigobius gymnauchen & T¥ ¥+
= Crangon affinis WERERENTZ, e ANE L E
TV ZOWTEBMARMS IO THY, Hitshis
Nt EEHEZRETIAEME Y AExbh®,
2010 FRITEB L2 ¥ o T MATOWTIE, iR, & AN
TR E Yy aOEERZ ROz, 2011 FIZHTRR L7
YU T MTONWTIE, %, BoORE, EE, &Rl
REEZRIE L, 2B, 7/~ EidpimEE & XA
EERIEL THR Y, FHERICHEIIT S Z L ARE -
O, FERENEFETRERRICEGDR1o7,

EBIT, BMLIEIZAVSIEDE ANBIZLDRER
Exfi~57=9, 2013 FE0OKIEA L BHICE=54A8
H,4A9R,5HA28R, THA24H, 7A 25 RICHItH
ATHRENTZZ A R — BN THEAHE (InX 1m)
WOEANEZERL, 2ROAIE L BARYORERE
ToTe. £, EANEOERLEEOBFZREERT S
72, 2013 4~T AET/MERTIRTRE LIz AN
ToeRLERZRAIEL T, 2REEEDOBFRNEZRD
iai®

w =R

(1) ENEFRVBEY OB TR

MEBLI, 2010~ 1 [EIR Tid 268 B, 2010-2 [E¥R Tl 226
B, 2011-1ERTIiX 10 B, 2011-2 EIRTiX 223 &,
2011-3 [EIR T 260 BITHOWTHEMT LTz, —75, Y
ZoWVWTIE, BiETS & —ATTBIOKSRT Shi gy
D 5% 2010 4E 6~9 A1 356 B 5, 2011 4F 4~8 A
645 B OFkMZHER LT, BFEEEITo1, £FE
BB, MRIED Y TN ORI E IR S B
fEm OEEEE:, EHKRA, BorESE, T E
R, Bl (FRHEAEBOtEEE) &L biZ Table 2
R LTz, £, £EBKRE COBREOESY 7-MEIC
L ORDIFERY Table 21K Lz, HMRFEICEEY L
LTERINZHAICONT, B ((B/A) X10°%) %
LB L7z & 2 A, 4 ARLERO 2011-1 [EIRIE, oA FER]
WICH_RTEBRIIAER (1%KE) K@»ok, —F,
8 H ™ 2010-2 EIRIE, 6 ARiRD 2010-1 [EIR & 8
ARFRD 2011-3 EIRIZEENRT, HE (B%/KHE) ([CHHH
FIHEL, HbHo>TWie, 6 AKIRD 2011-2 [ERIT,
FC< 6 ARGRD 2010-1 [ERR & 8 A Ko 2011-3 [EIIR
IZHEARTRORBFHEIME MERAFRD b, 2010-1 [F]
wE 20102 EIRIZOW T BEDEMMIZ BN T
LEREESERIN, ThEEDEEME ((C/A X
10%) DHEHIZBWTS, 4 HRFO 2011-1 [ERIE, fh
DAEEBRIZESTHRRIIAER 1% KE) ICEmho 7,
(2) WRBOBREEMRAE

2010 KON 2011 FFIZEME L 2 EMREORERIZON
T, AERFITZVME 100m (WO HEEE 200m2) %729
DEFEE L FEE RER EFEE) % Table 3I1TR
L7z, HEFICHERENZEDIL, AETIIE ANE,
A ¥ v A Kareius
A R ¥

X V' 7N Enedrias nebulosa,

bicoloratus, A /N)v Sebastes Iinermis,

Table 2. The seedlings recaptured by the DNA analysis in each production. () shows the average cephalothoraxes length, and values

are mean * standard deviation. The recapture rates were tested with Z-tests

A) Number Number of recuptured seedling Recupture rate Recupture rate
Production No. ~ Seeding month of(i:;dl;ng in 2010 (inds.) in 2011 (inds.) B C — Z- test —— Z-test
4 (Average C.L) (Average C.L.) (inds.) (inds.)
12 2
a:2010-1st Jun. 950x10* - 12 14 1.26 b¥,c¥* 1.47 c*¥
(43.126.6 mm)  (51.8+0.8 mm) -
2 6
b:2010-2nd Aug. 850x10* ® 2 8 0.24 a¥, o™, c* 0.94 o
(35.4+8.5mm)  (42.7+8.6 mm)
7
c:2011-1st Apr. 78x10* 7 7 8.97 a¥k prE ek ek* 8.97 a¥EpRE (FE gk
(43.6+5.9 mm) - B
8
d:2011-2nd Jun. 950%10* 8 8 0.84 Gl 0.84 (i
(47.1+8.7 mm) -
13
e:2011-3rd Aug. 850x10* ) 13 13 1.53 B, che 1.53 (o
(44.8+8.3 mm)
* P<0.05 ** P<0.01



7 v ¥ A Acanthopagrus
a v vuA Syngnathus schlegeli, 11T/~
7 X AN¥ Rudarius
s
Platycephalus indicus, ¥< Triacanthus biaculeatus,

Y A T X Leiognathus nuchalis, B ETII= Y ¥ 2,

A YV RAYIY Palaemon pacificus, 7 ~LY Penaeus
semisulcatus ThoTo, FPEHMEZE L CHIREKICIIE

ANTBLEZEVyaBBEL TN ERRD LN,

Lateolabrax japonicus ,
schlegeli,
¥ Stephanolepis cirrhifer,

ercodes, 7 11 /) % Paraplagusia japonica,

BEMENENE IND A NE 4 BiIC, AXFIT4 A, 5
ARUV8 A, FRELHAETIInF (124 ARG
Az, AVHAVAIZ4 A, s ARS8 AL, Zuvi )
TEIES ARG AT, AUNEX5 A, ¥=iE8 Al
FNENHERENTR, WThbEEETD o T,
BETELESHERIN-E ANYOEERIZ6 A2
— 712 8 ALBRITEA T aERSRD b, FELM
BT 2 E ANEOFHFEEDOE(LE Fig. 4 1ITR LT,
4~8 BIZiiT THEHEEITEML TR Y, YHEEITHR

Table 3. The number and mean body weight (indicated by *.** g) of individuals from each species that were caught in 2010 and

2011 during the predator research study. The values are estimated per 100 m trawling of the dredge net

2010 2011
Species*
Jun. 4 Jun.11 Jun.17 Jul 1 Jul15 Aug.12 Aug.17 Sept. 1 Sept.16 Apr. 21 May 11 Jun. 8 Jun.28 Aug. 3 Aug 24
18.7 9.5 214 285 21.8 34.2 4.1 21.9 6.9 26.5 18.6 54.0 68.9 13.6 322

o

- . - - - - - - (0.51g) (0.60g) (0.57g) (0.84g) (0.74g) (0.86g)

- - - - - - - - 1.2 3.9 0 0 0 0
@

- - - - - - - - (0.64g) (1.34g) - - - -

- - - - - - - - 1.8 1.6 11 0 0 0
)

- - - - - - - - (0.49g) (3.08g) (4.34g) - - -

- - - - - - - - 0.8 0 0 0 0 0
@

- - - - - - - - 028y - - - - -

- - - - - - - - 15 1.8 0 0 0 1.4
® .

- - - - - - - - (0.10g) (0.52g) - - - (0.85g)

- - - - - - - - 0.5 0 2.0 7.7 0 0
©®

- - - - - - - (0.07g) - (0.05g) (0.34g) - -

- - - - - - - - 0 1.8 0 0 0 1.3
M

- - - - - - - - - (0.79g) - - - (2.18g)

- . . - - - - - 0 1.8 0 (1] 0 0
®

- - - - - - - - - (1.02g) - - - -

- - - - - - - - 0 0 0 0.8 0 0
®

- - - - - - - - - - (2.992) - -

- - - - - - - - 0 0.6 0.7 0 0 0
(10)

- . - - - - - - - (0.89g) (3.40g) - - -

- - - - - - - - 0 0.6 0 0 0 2.8
an

- - - - - - - - - (9.65g) - - - (2.76g)

- - - - - - - 0 0 0 0 38 7.2
(12)

- - - - - - - - - - - - (0.75g) (0.18g)

- - - - . - - - 0 0 0 0 1.3 9.9
(13)

- - - - - - - - - - - - (0.05g) (1.09g)
a9 2213 341.5 287.0 111.5 188.0 103.5 2349 91.5 40.9 231.6 4229 354.1 302.0 268.8 206.9

- - - - - - - - (0.10g) (0.09g) (0.09g) (0.07g) (0.05g) (0.05g)

- - - - - - - - 4.0 1.7 1.4 5.7 10.7 5.6
15)

- - - - - - - - (0.21g) (0.42g) (0.58g) (0.22g) (0.17g) (0.17g)

- - - - - - - - 0 0 0 0 0 2.1
(16)

- - - - - - - - - - - - - (0.11g)

* (1) Favonigobius gymnauchen (5) Lateolabrax japonicus

(2) Enedrias nebulosa (6) Acanthopagrus schlegeli
(3) Kareius bicoloratus (7) Syngnathus schlegeli

(4) Sebastes inermis (8) Stephanolepis cirrhifer

(9) Rudarius ercodes (13) Leiognathus nuchalis
(14) Crangon affinis

(15) Palaemon pacificus

(10) Paraplagusia japonica
(11) Platycephalus indicus

(12) Triacanthus biaculeatus (16) Penaeus semisulcatus
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Fig. 4 The average body weight of the sharp-nosed sand goby in 2011 in the predator research study.

Fig.5 A sharp-nosed sand goby that was caught soon after the release of Kuruma prawn seedlings (a)

and the cephalothoraxes of Kuruma prawns in the individual’s stomach (b).
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Fig.6 The number of predacious and non-predacious sharp-nosed sand gobies. () shows the rate of predation.
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Fig. 7 The weight-length relationship of sharp-nosed sand gobies.
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Fig. 8 Relationship between the recapture rate of Kuruma prawn seedlings (see Table 2, (B/A) X 10)

and the existence of sharp-nosed sand gobies in each seeding month.
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