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Effects of hypoxic water mass on vertical distributions of planktonic
larvae of the short-necked clam (Ruditapes philippinarum)

Satoshi Yamapa! T, Yasuhiro Iwata!, Toshihiro Horiguchr® and Teruaki Suzukr®
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We investigated vertical distributions of the short-necked clam larvae and dissolved oxygen (DO) concentrations in
Mikawa Bay, Japan, from spring 2010 to autumn 2012. Larvae of the short-necked clam were usually found in the bot-
tom layer or almost uniformly distributed in the water column. However, in the summer, hypoxic water mass formed at
the bottom layer, and the larval distribution was restricted to the surface or middle water layers. The occurrence of D-
shaped larvae was rare in layers with DO below 4 mg - /”!, while that of umbo and full grown larvae was limited in
layers with DO below 2 mg - /"', Diurnal vertical distribution of the larvae was observed when no hypoxic water mass
formed at the bottom layer: larvae moved from the bottom at daytime to the surface layers at nighttime. Interestingly,
they remained at the surface or middle layers for the whole day when the bottom layer of the water mass became hy-
poxic. These phenomena suggest that short-necked clam larvae avoid hypoxic water masses. Larval occurrence peaks
(mainly D-shaped larvae) were observed during May to June (before hypoxic water mass formation) and in October
(when the hypoxic water mass disappeared). These occurrence peaks were accompanied with spawning peaks. The
survival rates of larvae in spring, however, seemed to be lower than those in autumn, suggesting that hypoxic water

mass formation in spring may lead to high larval mortali

ty.

Key words: vertical distributions, larvae of the short-necked clam, dissolved oxygen, Mikawa Bay, hypoxic

20144E5 18 HEZAF, 20154E1 15 H3z 8

TR K E A

Aichi Fisheries Research Institute, 97 Wakamiya, Miyacyo, Gamagori,
Aichi 443-0021, Japan

| 37 BB 72T

National Institute for Environmental Studies, 16-2 Onogawa, Tsukuba,
Ibaraki 305-8506, Japan

e PN N e e

Graduate School of Environmental and Human Sciences, Meijo University,
1-501 Shiogamaguchi, Tempaku, Nagoya, Aichi 468—8502, Japan
satoshi_5 yamada@pref.aichi.lg.jp

)

[

.

&I
BRI I, RBGE, WA NiED X O - =iE s
DEEZNE CIKEHARE (LT DO) FORELE %
—JEAED B 72T, PE224E3 IS HSiEESRP R E
¥ a " (http://www.env.go.jp/press/file_view.php ~ serial=15178
&hou id=12192, 20144E11 H19H) %#KEL, KEDO %
W7o BRIEIEHE\CROE T AMEE R BUE#ED T WD, DOD
BB B 725 TR ZENZNOE O EEMAAFNHE
ER TR OVTER T 2 LENDH Y, =ZHEICE
WTTH N ZZOEREANFO—DOTH 5.

T T E BRI <, BENERD S HERR



136.50°

34.50° N+

b

34.40° -

137.00°

#ikawa Bay At

 RLBCE, SRR

137.20° E

137.10°

-

A5

Atsumi Bay

Figure 1. Sampling stations in Mikawa Bay. Sampling was conducted at Stns. A10, A5, A7 and 18 from June to
October 2010, at Stns. A10 and A5 from May to November 2011 and at Stn. AS from May to November 2012.
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Figure 2. Isopleths of temperature, salinity, and DO from June to September 2010— 2012 at Stn. AS.
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Figure 3. Vertical profiles of DO and larvae of the short-necked clam at Stns. A10, A5, A7 and 18 from June to
October 2010.
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Vertical profiles of DO and larvae of the short-necked clam at Stns. A10 and A5 from May to November 2011.
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Figure 5. Vertical profiles of DO and larvae of the short-necked clam at Stn. A5 from May to November 2012.
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ELBE L, ZOEOREMRFRILOFEER] B L OFLE %
PedTWb (CHH - JE, 1996; B - BEH, 2006)

AR FERIEAIEIE L TR h - 72201046 H 2122 HD
#HMA (Fig.9) TDRULAEAHIZIZH B 54 L Tw
7o, TNRIKEDOARDRIM G AEDHREE LR %5
dmg- MM ETHoTWAEEDTREVWIALEEZ SN,
AWFFE L AR, Tobaetal (2008) IZHEBICBWTT H
VTSR & DO DSRIE i B L, DO2S1.0mg -« /™!
UToRIZIZ 7 ) FENEIIEBR L 2w 2WmE LT
Wh, BEEFKWPTEHY T v 7 N o BB T
G BRI Yy IORFENEBLOAA T VEEFEDOZ
Do TS 7 T MEIRTWS (P,
1986; 5K, 1988; Roman et al., 1993; I, 1997). Z®D X9
2, AEEFARRBCTHI L 228 E LT, BEHD
WIXSHAE Z 5ND. T il AR o F R
B 20 5, DOA02mg- I LLF (Tobaetal,2008) B L O
12mg - I ULF GHIEIE 2, 2012,2013) CTl, 7H V%
WS AT A1 L, 2448 BERIDAPICIT & A & 058850
T4, ZOZLhD, EEOWRTDHAMBFEKIIEBSL
7o 7 ) RN AT IR A S L, R L, AT
B398 9 % & Tobaetal. (2008) B X UGl JE 1T A (2013) 1%
WML 5D, —F, 2wd LED Acartia tonsa |3 F = ¥
Y — 7 B CRE SN AT - BRI 2R L7
5 AP TR T EOEEFIRE BT 5178 % 7R L7 (Decker
etal,2003). LA L, HUTZ+ N7 DF—F—IITHE
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E N7z A tonsa (Decker etal., 2003) B X [l %= & & H»
W LE3HM (Labidocera aestiva, Acartia tonsa, Centropages
hamatus) (Stalder and Marcus, 1997) (X FEFEEDFEERIZ BT
SRITE A RS, BBEOH T LATREIIL L.
T bbb A tonsa $ERBGIIC L) STEICEN RS
72. Deckeretal. (2003) X, F=H ¥ -2 ETIX, 2D
50-2504F D o NHINEEIC & 0, FHIYIC A BRI
HNB X280, A tonsall22WTIZZTD L) REED
ANBWEZE RIS L, BIRFIRILAD & O Sl T8 & 43 L
PR AR L T A, AT BRI <
EDAEL LR O 0 FRMBEASBHI S TWD (F
HI - J5, 1996; B H - B H, 2006). #i ik U 7z i 5 (% 2
(2013) DEEHEM VIR ZWBEOTH ) ZRHEE L
TR AEPE TR A E WV, 80em D H T A F IS -
DOBRIEZAEM L, 7V RENEZKEH,»HHEAL T
05 1FEAEDHEICERTEIIR SN Rh o7 il
(A (2013) DFEERTIE, FEDEISHRAR, B2ZHLC
kY, DO DK F T—IRMIZIEREL, 22057
95, ZHUIH L, Deckeretal. (2003) DZEERIZI
72 A. tonsa I ABE BN HHKEZFIG L, R4 CEBRED
TRANEED T 7 )R A b FER O g Tl vk
LTHEY, BEPTODODZEAIZHIG L, kAL
% DO DBMHEIZET 5 F TIZERTE) % BISA 3 2 W REtk
BETERV. HEBO Y ¥ IOFENEIIAR, KiE
2030 m 2 3 A L 2 RO A, HF ISR E K (DO:
2ml -/ (F2.9mg -7 LUT) NEEKICILAS &, KEE
FoKE M, BEREO E OKE10m) 12545 LCwiz (F
H,1986). F72, BRIEA (2012) EHFETIEAMRE
IKBEAEIEAAAE L 22 W R &iR Ok 6-8m) & HIRE
IRIEASFERE - I AR D BRI B IERT 7 ) Rl A0
FVE AT E AR SN, R TIRIEEDOMA LT
ENAARRINEL % DI L, EHRETIE T I B
FOKBLD 2 W6 T H REERFEIC BT 2 5 KED 1L
LT, EE-PREIIAALTwEIEERWEL, &
PERIZHBLT 2 7 ) SR A B 5 IR FOKIL B
L., TOREPEMRFIKILO 7 WIRTE T b Sis 504 12 SOk
ENTVLOTIERV2EIEINLTW5.

Dibo k91, EMRFAKMOIEE L 72EFIC, WHEKE
AT AIEICEBY A2 L LT, AFBIUL LIPS
DO EFIEBT LAWK, WEEF®REY, €O
FERE L THENIKREL R D ZENPN—=V =T I DRl
% A (Widdows et al., 1989), 2 \» & L #H (Romanetal.,
1993) BL Y ¥ aDF#ELE (Kodama et al., 2006) 5
THPME N TWD, =BT, HF (56 1) -#F (9-10
H) 2235 T, ¥4 7 ¥ (Suzukietal, 1987; kL, 1996)
BIOBY 7 F AT (BHMEKERRY;, 2013) F0F
EMBEBLIUIXZ 77 (HAIZAH 2012; Aoki etal., 2012)
DL SIFEPL BB L TwAE. Thbownb LEB X

FI X7 73 MAEBENAEZHAELTYD Z L LD
LTS (i, 1993; Schneider and Behrends, 1994; Ishii
and Tanaka, 2001; 3 LT 2, 2005; Jis i 1X A, 2005; Lo and
Chen, 2008). HFI2~A 7 T OEBAAREIEY 7T >~ 7 b
VHEPEEEE L LT A F N E EHEE & (Suzuki et
al., 1987; i, 1996), I X7 S IZOoVWTHEWM TS5 >~
7 b Y NOBHEFEHW EMSNT WS (Schneider
and Behrends, 1994, 1998; Olesen, 1995; Omori et al., 1995;
Brodeur et al., 2002; Uye and Shimauchi, 2005; Kinoshita et al.,
2006; Lo and Chen, 2008). L 727255 T, 74 FilELhA X
RRBIZERAAET LI EICED, ThOSOFEENLE R
GHELEEZZIITDL I EIRBEING. T2, TEED
VX ADFBFEHEICOVTIRERRBICHTILZLICK
D, YL, BRI o TLE ) EIERINT
W2z (R, 1986). HAIE2 (2012) X =AEICBITS
IXTTTORFEBRBERMEY I 2L -3 Y TRITL
COIFICRN TR F 2 FRRBITAATE SRS, 3
AEDPENANTBLTLE Y, WFICHESEREZ 5 2
oW, BRI Ll RTw5b, ZiEOEEOY
BB R, RERAOEM AR SN (T,
1985; HARIEAY, 2012), 7 A b W R 125
FTIUL, BHRHBO) A2/ KEL. IRb50Z &b,
BWMFEARIDIER SN & 7 ) RS A WKL R
TORER ot (HEN) [z, MiakLomibdE (M
Hely) offie OB L), WHT LI ERBINS.
AWFZECTT7 ) Rl AT T 53T 20.8-33.4 D FHIPH T
L, Kicid, DEEIYETITC, 7y RPEBI 7V
yag YGETISSCEZ TH S EIZEASHEIET, D
WG Ac26°C, 7y REIBLO TV r7ay Y HIET
27°C % L% & MBI DR ko2, oM
PRIE, BBLA, FREETHE SIS (25.1-350) B
L OVKI (15.1-30.0°C) O#iPH (S391E2, 2012) N TH -
7o T OEINIEE G DE TIE BB AR LKL T
D2 M D EIREI 2 ) (LHIZ 2, 1945, BTN D,
1993), 7H VU RIE LD LT 5 MHOKH - FEIIZ KR
WAL Twd (BIIIEA, 1993; Toba and Miyama, 1995;
Chicharo and Chicharo, 2001). AWFZEC 7 H V) 1% 4 A 28
R L 7 KIS PR 7 ) o FE TR AT i 2 K i
PiCd % (Tobaand Miyama, 1995). HRFETHO T H 1) O
KA SBROFEIY — 71%, Kl S5 o B 7R
THY, FFRAVEASE <, REINEHT o 0 GG B L8 AR IR
% RT 2 DRI D LA, FROMEINE — 7 13Kl
B L OHREOBRBE RS R WIGE IR S A 2
LOTHY, MHEDRICHRTEW LAEshTw
5 (BPNT2A, 1993). RWFFEICBWTTH ) R ED
HWHEES -6 1) IO =27 HBLL, #%F (10-11
H) O¥—=213FFL /s, BELL, ZMBICIBW
TH R EIRRTH B 2 &R0 BB SR
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Table 1. Number of individuals of D-shaped larvae and full-
grown larvae which occurred 23 weeks later and the ratio of
full-grown to D-shaped (%).

Date Larvae stage (I;?:?;(;i:n;:_? )
2011/6/3 D-shaped 14031.9
2011/6/16 Full-grown 229

77777777 FG/D (%) 0.16 -
2011/10/19 D-shaped 1827.0
2011/11/8 Full-grown 95.4

77777777 FG/D (%) 5.22 -
2012/5/7 D-shaped 8028.1
2012/5/21 Full-grown 325

77777777 FG/D (%) 0.40 -
2012/10/3 D-shaped 3012.3
2012/10/22 Full-grown 1105.4

77777777 FG/D (%) 36.70 -

Eha. LaL, THICALNNE =27 o MBVERELE
ZOEOEFEFAMIIFET L LR RLEMD RS
N, TR EO MBE & BRSO BE )RR X
N5, 201020124 D&M TIT BT 556 HB X U10-11
HOMBYE — 7 1Z DRI A2 70% L L% EHTwiz L
2o T ORI BT T U REIO Y — 27 253 -
7o EZoND. THFEDEOFEL X 2-3 8T
o (TEEKENIEL Y ¥ —, 2004) O TDRBILAED
KERE—=7PHI L7223 BRBOREICBITE 7V
oy g Eo MBEAK E odElEs (Fvzaey V8D
B o) ZRD 72 (Table1). FFETIX13-14 H DIRERM
P12 0.16-0.40% (F30.28%) 1ZxF L CRKZFEIZ 1920 H D
PREEMIIG T 5.22-36.70% (F3920.96%) & EW iz R L7z,
INEAFREEEZEZ D L, BFEOTH ) IFENA DTS
IR L R TIRWC L1272 b. BEFREMBEAILDIE
WheY7-0, bakodd b, R Ic B RS KBL O R 8
R - BHENICZT RS RE , TS LKE
EEEBFAKIOMHEY TH Y, TORBEIPLVEEZZS
N5, L7ehoT, BFIAMFAKREOLEILY, 7
WENAEDOWIENKRE L, HIRICELNEREDD O KT
LD ARV RIS NS,

i
A D FEREL 35> T B AR SRR - 7K BT A A AR
[~wb ] ofiftRED, FHEOT 4122 K% 5%

wWodz. Tz, BAIRIKERERY G BR BT S8 O R 78
BOBERIIGREZ Tfao THW:., SZXEH#H0BEE %
T 5. AWFIEIEBRBEA BRE IR iR [ AR AR
JEAHEAE W S 39 R BRI T 1 & JECRE DO B AR 00 3 B R
fili FEOMIEICE T 2098 CER 224244
F5B-1003) ] 12X ) ERS .
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