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Environmental factors affecting appearance of swimming larvae of large
abalone species on the east coast of Sagami Bay, Japan
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Tomohiko Kawamura®, Naoyuki Takicuchi'?, Masami Hamacuchr® and Toyomitsu Hori*?

Planktonic larvae of three abalone species (Haliotis discus discus, H. madaka and H. gigantea) were collected from
October to January in 20042010 on the south (Miura) and the west coast (Yokosuka) of Miura Peninsula, Sagami
Bay, Japan. Species identification by PCR-RFLP method was conducted for the larvae collected in Yokosuka from
2004 to 2006. The relationships between larval occurrence pattern and environmental factors were examined. High
larval densities over 1ind.m™ were detected in every year except 2007 in Yokosuka, but only in 2007 and 2008 in Mi-
ura. Meanwhile, larval occurrences in lower densities were observed several times in every year in both areas. During
the survey period, maximum larval densities were 0.06-2.64 and 0.57-5.07ind.m™* in Miura and Yokosuka, respec-
tively. In many cases, high-density larvae appeared after passages of storms with high waves, suggesting that spawning
events of the abalone species were induced by storms. Larval occurrences were not synchronized between Miura and
Yokosuka although those were synchronized among the stations in each area. In the larvae collected from 2004 to 2006
in Yokosuka, H. discus discus, H. madaka, H. gigantea and the hybrid of H. discus discus and H. madaka occupied
41%, 2%, 51% and 6%, respectively. In Yokosuka, the maximum larval density in each year was positively correlated
with the averaged water temperature from the previous July to December, especially with that in July. This result
suggests that water temperature in the gonad developmental period (from July to December) is an important factor
affecting maturation and fecundity of adult abalone. In both areas, the annual first occurrences of larvae from 2004 to
2010 were observed between 1969 and 2465°C-day in the effective accumulated temperature (EAT), indicating that
adults of these abalone species become possible to spawn about 2260°C-day in EAT.

Key words: abalone, larval occurrence, seawater temperature, spawning cue, storm

20124E7 H 7 HAF, 20124 12 A 25 H 324

VARG > 5 —

Kanagawa Prefectural Fisheries Technology Center, Yoroshi, Jogashima, Misakicho, Miura, Kanagawa 238-0237, Japan

Bk © g NRT

Present: Kanagawa Prefectural Government, 1 Nihon-odori, Naka, Yokohama, Kanagawa 231-8588, Japan
MNZATBOE MK FERGITFE L > & — B2 Je i

National Research Institute of Aquaculture, Fisheries Research Agency, 6-31-1 Nagai, Yokosuka, Kanagawa 238-0316, Japan

Biprks © MOZATBOE KR AIZE 1 > & —dLiflE XK EERFZE T

Present: Hokkaido National Fisheries Research Institute, Fisheries Research Agency, 116 Katsurakoi, Kushiro, Hokkaido 085-0802, Japan
FE R R TE A

Atmosphere and Ocean Research Institute, The University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8564, Japan

BIpTIE © RlkksE

Present: Nagasaki University, 1-14 Bunkyo-machi, Nagasaki, Nagasaki 852—8521, Japan

A A IR B R IR 72 B

Research Fellow of the Japan Society of the Promotion of Science

N AT R NIRRT IE Y & & — W P9 il XK BE RS2 T

National Research Institute of Fisheries and Environment of Inland Sea, Fisheries Research Agency, 2—17-5 Maruishi, Hatsukaichi, Hiroshima 739-0452,
Japan

Hlrlg - BOTATBOE NKERGIIZE L ~ & — AL XK ERT ST

Present: Tohoku National Fisheries Research Institute, Fisheries Research Agency, 3-27-5, Shinhama-cho, Shiogama, Miyagi 985-0001, Japan
E-mail: asahi.cwm@pref.kanagawa.jp

)

w

IS

w

=N

-

3

©



BB B 5 7 7 CHTRES) A MBI B I8 2 BTN

FC&IC

FAENZX, =7 7 ¥ Haliotis discus hannai, 7 97 ')
Y H. discus discus, X % # 7 7 Y H madaka, * T4 77
Y H. gigantea D 3T 1 HEFEO KT 7 7 OB L, R
WEOFEELNGME 2o TWD, Lo L, imifasEdiE
Wat (BUFFET oA B A N http:/www.e-stat.go.jp/
SG1/estat/eStatTopPortal.do & V) BUf%) 12 ki, iR D
IV T7I7ETIR70FER LD, BiRR{Roru7 7L, <
FHTTE, AHATIEDIFIZOWTIZ19804FE L Y
HREWALIE LD, BERLFLIWI L. =7
7 BT 1990 SR E & D 2000412 H ) CTRRMEH A
WAL, - TE O TE RO FEAH
SNz, BERIRICA BT A2l 3O KB 7 7 CEH O
EERIBAEDEARLTBY, BEEONBEEIA LNV
BHIETIIREEICOZ) ATHEORK bR TE
A, BUEICE S FCHIR, EROHZEREINIEED 5
Nz,

T ERIIMHERATH Y, BINBRE R OB E 1T .
L7255 T, Jl - BORSIEZ 380 2 BB oo A ] B e A5
% &2k O R Y2 3 i (2K F 97 % (Babcock and
Keesing, 1999). #lH & i O A 124k - T B RS
WA 5T EITIMAT, HOP - BORIKEZ 331F 2 MEHE DM
LB OB & D ZREAIEFIATbN R R, HED
FERDLWDT B H 5.

HARIZBIT S 7 7 EORAEENRIE, =V T7TT7EICBNY
THEAATDI, ZL OMARESNTEL. =Y T Y
YT, AREREREIC X AR LS T 7 C DR
B B2 FRT A E &L Lo TVAIEDR DI ->TH
0, K& KL CIX)LHPE RS 2 KB 2 B0 - i
Fh, /NS IR TIZHLE DR HFEPIIC BE U 72/ N 22 L
BRI A EEZLNTWD (Ex K, 1994 ;
2001). FELHAEOGEEEHICOVWT LD KRE X LD
MRPRIEEINTBY, KRELRIMETIIEkmiZbz>T
TERT A & A8 8 LT\ A (Sasaki and Shepherd,
1995). F 72, AFKEAEWITEHHOERTN RN
& (Takami etal., 2008), iR & 7 2 — ¥ ¥ VKKIE
FRBPHOMENH L2 & (PR IT2, 2005 5 FIINZ 2
2007), AFKImAE WA O H OFE AR ITBH O L
WREARAE T B REME A B 2 & (Wi, 2002 : @l - 5%
#E, 2006), FEIETIVICTL Y VT T CYE O 5B
AT kmIZ 52 & (Miyake etal., 2011) 7 EASHE & 7
Lo TWn5h.

—7J5, BEWSRAE 7 7 CEIKH OB - ISR, 7
WG, IR OB EREE - AERBRICO W T ORI
HENT X DD TR,

BBt B v Cid, MEEICB W TR 7 7 3L
FFTENC A BT /8D b3 7220w T, KHOKE
RHEIEAE, IR B X O OB, AREESREL

X B M Tw % (Onitsuka et al., 2007; 2008; 2010)
20012004 FEDFATIZ, ZOBICHBEBE 2 @BL7-7o
DEED 72 A IHE H 056248 R0 e H o Al 5 o B]
EZRET2RO 5N, HEBICBWTREEOMEMD %\
FERUHED KEHMEAS b a2 7 ol - B2 #5855 &
#Z2 b TWw5b (Onitsuka et al., 2007 5 WIF - A, 2008).

BB R 7T T EIConTh, 19704505 5 1980
AR 2T T RS BV T T b 7R L)
AEREIEMEOREIZL Y, FEYDEOLBIENIRKRIED
R B KRB LB SN2 &, HIEMABEZED
W R A B E D W L S hTws (H
W A, 1983 5 HHHEDY, 1986). (TANT L EHALAYBIN -
B DB & 4L 72 o> TV A UREME R RIE T 2 WA (D
DA UNEIED, 2009 ; Miyake et al., 2009), 45 7%
WIFR T b T, BRGCRRIIAE O R IR Mk 22 5
AFTHY), AEBIEOKRE 5T E S 2 T hEE X
INEWZERS, BEEIMOKFICEINZFEEO I T L
TR Z R THON - B ZRBILTwabnEEZHN
5.

RSN E DFE AR AT (2§ 2 B b E b T
RSN TWA., HIESHY I 2L —Y 3 I X BHEER T
T, MBEERRICAE T 2 2R R TR E LoRm
7T CHEEESAIL B km ORI L TWAT
REMEAVRIZ E T W5 A% (Miyake et al., 2009), FEBF 2%
WEGAE 2 FREE L 72 Feid D7 <, N - Ui As & o fEpE
OBBTHIAL TV ENIEHAS IR TR, 55 T4
WHEHFHEICLY, BERPEPSUEETEZ7 277D
—DDEFHHEITH S Z LW bhoTWBH (JE, 2008),
IS HVE AR A 7 — L CRIZ TR H H 2 & %
IRL2DDOTHY, M2 OHISARAREEDSEH & ORREOH
PAICRIL, X5 EEHELER L T2 2 IEARHTSH S.

BEGRATL T 7 CHHO RKIRFEER VAR L T2 H %
WMOENITT 5720108, Bk E2 R L, BHOM
R REET 2 BIFEHZIT) LT, TS T 7D
TN EDFEAIRDR 781, RFEB O IEAT R T
5.

Z 2 TABIZETIE, 20042010 4F | HIE R 0 =i 2
BIRRICBWT, BRAR 7 7 CHE A o M B
AL, WA, KLB X OEER L OBRE T L 72
F72, BRIARKET 7 COINAERESZ YT 7 eI
BLTENTWREKE LT, AEOFHZIAEEETH -
T2 NI LN, RIFFE T S N2 Eo—EiIC
DWTHHB 2TV, ZOFEMEIZ D W T HME L7z

MR ETE

FMEDOHRE

AT = e RS A S 2 =il B 1S St 14 %,
=R PRSI S A R ZHE 61 St 59 B RE L
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Figure 1. Location of the research area.

WEEIT- 72 (Fig. 1).

Stn. 18 £ 083 TIE 20052006412, Stn. 2 Tl 2005-2010
412, Stn. 4 TIE2007-20104F12, Stn. 58 £ U6 TiE 2004
2010412 (2005 4F 0 & S 1 Miyake et al. (2009) 1238\ T
BES), Stn.7 T1x2008-20104F 12, Stn. 8 T 1% 2008 4F (2,
Stn. 9 TLX 2010 I FEIN A DREZ 1T o 72, HAEOPA
R, 77 ORI THL10H FTALLHBIETH &
L., SHEIZ BRI 1I-3mE L

Stn. 1-4 TiZ O£ 45em, K 180cm @, Stn. 5-6 TlX
££36cm, M £ 200cm @, Stn. 7-9 TIX [1££30cm, il &
100ecm @, Wb HEINXXIZ FEHIE0.1mm) O 75
Y b Ay PEHCWTREZITTo 72 S 1 4B X
79 TIZEEZ 35, Stn. 5-6 TIEHEE 6m, 3mPB L UO%E
BTz ANTZE L 10T, WThOBRAERIIBNT
DT T4 FIVEEwmHDS50emBl HIZT 7Ly % adh Lz
T Motk PEHWKRECTETL, BEXE1-2kt
DHEETKFRE %772 WHREIZ 1 2P H 720 300
L7z WKEE, Ay POBRImERIC, BIITERICES L
72K O R E U, FOMKE O EERERIC X D&
HL7Z-ElImd72) ORERTHRTAZ ETHE L.
Stn. 14 DHAMICIZ LB L (0.51), Stn, 5-6 Tldd S WZII
(1.1t), Stn. 7-9 TIXHsSEMI (0.6t) DOMMAZ L 7.

BIELZHBZ 2 HIIMRAZICH BT, 10% 2%
J = VAR VIR DL RRE U, IR AR 2 R S R 72,
0.6mmPB LT Imm Ay ¥ 2f@EHWT, 0.6mmbl EF
7213 0.1 mm ARG O KW & B L 7ok, FEARBEMEE T C
BISERATV, WO E (Ee R, 1985) [Ho&7vE
BoONY) ¥y =A% @R, FHEL 7.

2004-2006 4E 12 Stn. 53 X U6 12 BV TIRE S 72 RS
AZOWTIE, ELED (2006) DFFEICHEVY, DNA %
MW L% PCR-RFLPIEICE Y 7 a7 I, ¥ AT Y
Y, AHATIY, BLXOZu7ICe<yhT7IEDR

R NAEE, WHEZ, AR, IR

HMEARR D HI B % 4T o 7.
BERET—4 (KB, KE) BLUEATDEE
=il O KIRICOWTIE, AN AKESN v & —
(Fig. 1, =il =I0) 2o KEm A5 { A LIFT
WK E T A =TV ¥ VkEES Y v QFET R
NV Ty 748, BIFR ACTW-DI) 12X D 105 MECTHE)
BEH L 72K T — & O B3 % F w7z, BHE oK
MiE, AZEEOE B B B M AT Bk AKEER AFSE
vy — BT ZE TR T A (Fig. 1) 23004 25m,
KE3mA 5 A LMK E, BT HOBISIR304 12
R— ¥ TVERBEEER ORET 4 — 7 — 7 —fh#, WFE
CM-21P) 12X Dl L7zilsk & vz, mTr— 13,
FHEHMER 1km ISR E SN PR BRAEERSY 7 —
(Fig. 1) 2B THITR A FEBANIF eI MBI L 7245 38
W o Hig K2 Hw7z.

BWHOKRT =5 L0, WAHMEAIRE (effective
accumulated temperature: EAT) % % L 7z, AWF%E T,
B - 77 (1974a) OF R SFZIT, T lal IR % o ik
Kifz BN EE L EHR L, REKRZRLHKLIZHEZO
HHE LT, £HOKIE Y mfK % K U7 2 5 L
72 DX EBAT & L7z TWiHhsE THIRD T & % 2005-20104F
IZDWT, (REIC LD ENZNDOHE D EAT O3 D 3%
e L7z,

B R
P A O BIRKR
FAED K P A BT B REDEOWMBLIRN, =B &
OHZEHE MG BT 2K, B X OFRICBIT 2 HFES
% Figs. 2-8 |23 . FAHIMI A IS A DB EEDS 1 AR - m™
SEBMZ DB RE =7 BB L7201, 2004412
M ZHE #o 56 <2 (Fig. 2), 2005 4F (2 M ZH 8 1 56 © 1l
(Fig. 3), 2006 4F \ZHEZHE MG T2 (Fig. 4), 2007 4F12
ZilidJec 1 (Fig. 5), 2008 4E12 =il < 2 [l & A28
B HSET 1l (Fig. 6), 2009 4 IR AR #56C 1 1] (Fig. 7),
Z L C20104E (SHZEE MG T 2 0] (Fig. 8) DFF 121 TdH -
7o, BEEDS UEAR - m7 RGO /NBUBL 2 SRS, AR A
FTI-1SMERR S N7z Tithde & b BN O T
I DFEER AR LT 7248, H5G R T gs A i
R L o7z, BAEORRKGAZEL, =i Tix
0.06-2.64 A - m™, HEAHH H5ETI1X0.57-5.07 4k - m™3
THY (Table 1), 2007 4% b & TOEIT BV THIHH
WIETED > 72, THIEIZ BT B i RS 5 D 143K D 15
i —F LAd o7z

A - mP UL o EDFA Y — 7 BBl S - HAT
LA, TNENOMEICB TS ZEOHOKE, B
PE—=ZHIICBVTEHWEESBN SN H & 20RO
Rl % Table 21278 L 72, EEO Y — 7 PG I NIz
AR 1 12.35-21.62°C TH - 7248, ={lHLICB VT
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Figure 2. Total larval density of the three large abalone species
at Stns. 5 and 6, and environmental factors in 2004. A thin
line and a thick line indicate water temperature in Miura
(WTM) and Yokosuka (WTY), respectively. White bars in-
dicate the maximum value of significant wave heights
(WH). WTY line sometimes breaks off because of no mea-
surement.

Table 1. Maximum density of larval abalone in each year at sta-
tions in Miura and Yokosuka areas.

Maximum density (ind. m™3)

Year
Miura Yokosuka

2004 — 5.07
2005 0.13 2.30
2006 0.22 1.38
2007 1.83 0.57
2008 2.64 2.83
2009 0.17 1.60
2010 0.06 422

1312.35-15.96°C & KRS , BZHBEHIEICB VT
13 14.8-20.8°C & FLIRI S K IIIC S < A o7z WG
OREBOE—=Z7 D5 HLIMIZDOWT, ¥— 7 Fiil¥EE
L5m P EOF LA Tz,

B DENORKFEAEBE L, FAERYEEO 11 A
POMEDRH T TOHPEKERE DB EZRHTEZ S
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Figure 3. Total larval density of the three large abalone species,
and environmental factors in 2005. Explanation of detail for
the environmental factors is shown in Fig. 2.

(Figs. 9, 10), BHZHBEHIGICB VT, 7HOFHKELE O
WCHEWIEOMBBER R Sz (p<0.01) (Fig. 10). HE
TIERVLOD, §HPH 12 HIZHF T FHKELS T
EEWEBENEEINYE D - 72720, BETIAB LY
MAE10-12 AOFH KRR E RRBEREL KL -E Z
7, BZEBE MG B CTIEOMHBEAMR S (p<0.01)
(Fig. 11). =iz B Tk & PE%HE o BRI
BETIERD>72 (p>0.05).

F72, FAEIZOWTIRMICHENTHBL-H (WEH),
AEYERNFERBIH, EWFNEE, M HICEBT % EAT
% Table 31/R L7z, FIHHIZI0A23 2512 10H &,
EF T X D END o 7275, EAT 1 1969-2465°C
day DHEEFRICH D, =il & MHE THIEK O TE %2005
20104FDFHICH B L EZIRDO ONLh o7z ehig, p>
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Figure 4. Total larval density of the three large abalone species,
and environmental factors in 2006. Explanation of detail for
the environmental factors is shown in Fig. 2.

0.05). EAT O FIH 1% =i T2224, HiZHE T2296°C-day
ThY, MHxEEbELEROFEHIL2263°Cday & 72>
7z.

R & OREHER

2004 SEICHRIE S N2 7 T EHA AT OV TRH G 2 1T >
AR, a0k, <777 ik
AHAT TR 1R9ERTH -7z, 2a 77 EIX10H25
HIZ, AFATIEIZILAIOHE 12 A8 HICHFIZE L,
<& AT IR A2 HICE SN (Fig. 12a). 20054
IZ2oWTiX, Z7u7 7123k, <~ 7 7 1481k,
LMWK (a7 e<y AT IO LTFRL)
18R, XA A 156 ERDRIES NIz, AT A T T ED 1
H14HIZ, 27772511 A1I6HIZZ AN, <5 h
T ERMMEARIZIIH2S 2T THOERES N
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Figure 5. Total larval density of the three large abalone species,

and environmental factors in 2007. Explanation of detail for
the environmental factors is shown in Fig. 2.

72 (Fig. 12b). 20064121k, 7 a7 7 Ehteeflfk, =4k
TR 21 AR, A H A4 7T ERAEEIER SN, <77
TIOECRMERIN Lo/, za7 Ik 11H29HIC
AHATIECRILH29H & 12 22 HIZERIZE L, 23MEAA
RiZ12H22HE25 HIZORF S N7z (Fig. 12¢). 2004 4F
A5 2006 4\ FEH] G % 4T o 72 7 7 CES A O A FHEAR
X704 R TH YD, X HTA4 T TEDNS51%, ZHTTEN
W%, T HTTEDP2%, KHMEAED 6% TH -7 (Fig.
12d). WHRINZ S oA ESN/ 2778 L 2 F A
TIEIZOWT, £ 5 off b FAN M oFi i (11 5 LA
BLOBRY (12 HUK) oW B,

zZ B

WAED LB CIRBEER

AL DS IR R B 2S84 L2 (LR - m P RLE)
DRI 12-21°C EHRIE <, HEOFKHBIY — 7 LKiLD
MICIZWFEZ BRI R SN2 o7z (Table2). —F, %

14—
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Table 2. Date and density of large peaks of abalone larvae over 1ind. m™>, water temperature in Miura and Yokosuka
areas on the same day, and the maximum value of significant wave height at Hiratsuka before the peaks.

The maximum value of significant

La(ri\r/::il (::?38 )1 ke Water t(e;g[))erature wave height before larval
Date : occurrence (Hiratsuka)
Miura Yokosuka Miura Yokosuka Wave Height Date at
(m) measurement
10-Nov-2004 5.07 21.62 20.8 0.98 31-Oct
8-Dec-2004 1.26 18.90 19.0 5.93 5-Dec
14-Nov-2005 2.30 19.42 19.1 2.26 7-Nov
29-Nov-2006 1.14 17.41 17.9 2.09 27-Nov
22-Dec-2006 1.38 15.46 14.8 1.25 17-Dec
7-Jan-2008 1.83 15.96 15.7 1.69 31-Dec
23-Nov-2008 2.83 18.52 — 1.60 21-Nov
6-Jan-2009 2.21 14.12 15.9 1.30 30-Dec
22-Jan-2009 2.64 12.35 12.8 1.90 19-Jan
14-Dec-2009 1.60 17.57 17.5 1.08 6-Dec
15-Nov-2010 1.30 18.57 18.5 1.66 9-Nov
6-Dec-2010 4.22 18.78 17.7 3.17 3-Dec
Table 3. Date of the first occurrence of abalone larvae, date of biological zero point, biological zero point and EAT

(effective accumulated temperature) on the day.

Date of first occurrence of Date of biological Biological zero point EAT
Vear abalone larvae zero point (°C) (°C-day)
Miura Yokosuka Miura Yokosuka Miura Yokosuka Miura Yokosuka
2004 25-Oct 4-Mar 11.0 2382
2005 18-Nov 7-Nov 4-Mar 1-Mar 12.47 12.4 1999 1969
2006 6-Dec 27-Nov 13-Feb 21-Feb 10.97 10.9 2400 2465
2007 10-Dec 23-Oct 17-Jan 5-Jan 13.04 11.4 2019 2164
2008 2-Dec 20-Nov 20-Feb 25-Jan 11.67 11.4 2302 2323
2009 30-Nov 16-Nov 7-Feb 27-Feb 11.67 10.9 2218 2341
2010 26-Nov 4-Nov 14-Feb 12-Feb 11.73 11.1 2408 2430
Average 2224 2296

FEIZBT B EOMMH £ TOEATIZ =1 & MiZHE T
W W EZ IR L7z (Table 3). ARWFZEDRER XD, L
BRI AT 5 K7 7 CHETIE, EAT 72260°C -day
HBETEINL TV EPHLNE R o7z 4 -7
(1974b) DOWFZETIX, Z 1 7 7 E 13 EAT %53500°C - day B
ECHEITREICARZELTEBY, AFEORELITKEL
Bad Zhid WSRO0 T7 T EDEWMENEEE
53CE LCEAT 2B L2 L ICERT 2 E£2 505,
BERT 7 EOER T, MENTHI0CEEETL
WAL T Lz, 53°CrEMFNEELE TS

CLIGEY) TRV, EODARWZE T, BihlEIRH %O
RASKIRZ EWENEE L EHR LU CEATZHHE L. %
SED YA RIEIL 10.9-13.0°C DEPAIZ D - 72, BEHR
KE7 7 CHOEAT O IEME 2R FHRICIE, AWHNFEEIC
DWT LD MM DPLETH L. RIFEOMEEL S,
HAEL L ICHEDOWMMH T TOEATH =1, HiEE CH
PL T2 s, —EOKIBEUAFEINE 2 JeE L
TWALHAFEREEWEEZ b5,

W 1L.5m Bl B 3.0m K &2/ & e Wik, 3.0mBPl E& K
SRMMLET 2L, YEDOFKAY -7 BED LN 12H
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Figure 6. Total larval density of the three large abalone species,
and environmental factors in 2008. Explanation of detail for
the environmental factors is shown in Fig. 2.

D) BL2MANTOWTIF R E LS, 6EIIDOWTIIHE
e WAL DS AR 0 2-8 H AT 4L U7z, AR o kiR
TIE, 77 EHIEEINE2 HDPNICIERY Vv —=3hAic %
5 (- %9, 1977) 720, ThHDORMEIZ X 0 RIe - K
whoplsRIshgErEzons. L2rL, HEEE
PAEBEICHBIZRO bR o 72729 (Fig 13), B L
DORESEHINE L OBEMEIZCW LRSI ND.

=i (Stn. 14) 1BV T UM - m™ UL E o kY
RKELWEFEDOY — 7 AFED LNT-DIX 200841 H &
2009 4E 1 H DA TH > 72, BZHE ML (Stn. 5-9) T,
20072008 SE DA Z R T OEICIEAE - mP 2B A 5
=250, IhnidwiInd 1l A»S 2AICERh
7z, T & D IHE N O B p ] T UL A O S AR R A
FH L TW7eds, 77— % OHIASTTEE 7 20052010 4F- T,
T 2 ] TR E O FE AR AR ER L C W7z 4Eid e e h o
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Figure 7. Total larval density of the three large abalone species,
and environmental factors in 2009. Explanation of detail for
the environmental factors is shown in Fig. 2.
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Figure 8. Total larval density of the three large abalone species,
and environmental factors in 2010. Explanation of detail for
the environmental factors is shown in Fig. 2.
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month and maximum density of abalone larvae in each year
in Miura area.
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Figure 10. Relationship between mean water temperature in
each month and maximum density of abalone larvae in each
year in Yokosuka area.
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areas.
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