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Distribution of planktonic larvae and spats of the pen shell Atrina spp.
in Ariake Bay, southern Japan for years 2003—-2005

Kengo Suzuki'!, Tatsuya YURIMOTO', Yasunori WATANABE?, Yuichi Kosrusur®, Katsunori KiMoto',
Mikihide YosHipa*, Hiroshi Funisakr®, Akihiko Fuin®, Hiroshi Nasu”* and Yukio MAENO'

The spatial distribution and abundance of planktonic larvae and spats of pen shells (4#rina lischikeana and Atrina pecti-
nata) were investigated in Ariake Bay, southern Japan, from 2003 to 2005, to determine the recruitment stage of spats
in relation to larval supply and spat survival after settlement. The distribution type was an aggregated distribution for
both the larval and spat stages. However, spatial patterns of occurrence for larvae and spats were different. The plank-
tonic larvae were broadly distributed in Ariake Bay, particularly in the middle of the bay during high summer. The spats
were observed from the northern part to the eastern coast of Ariake Bay. In particular, spats over 25 mm in shell length
were mainly obtained from the eastern coast of the bay. The umbo-stage larvae were frequently observed at the middle
or the bottom layer of the water column in depths of more than 5 m, and full-grown larvae were obtained only from the
bottom layer. The survival of spats was related to several parameters concerning sediment, especially concerning low
values of acid volatile sulfide (AVS). The broad distribution of larvae in Ariake Bay was due to dispersion with a tidal
residual current and a long planktonic period of more than one month. On the contrary, the narrow distribution of spats
along the eastern coast of Ariake Bay may be affected by the bottom sediment conditions. These results suggest that
spat recruitment is definitive in the post settlement stage, at 25 mm in shell length, and recruitment also depends on the
ambient sea floor environment rather than larval supply in Ariake Bay.

Key words: pen shell, Afrina spp., larvae, spats, spatial distribution, sediment conditions
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L ®IC
HHHWFIZIZY ¥ r & 4 5 F Atrina lischikeana ¥ K OV % 4
5 KA. pectinata® # 4 T FJg 2% (H{E, 2000) 25345 L

TED, WFNE VS FWEONF L L5 TS, I,

B TIE T Y ) Ruditapes philippinarum, 7216 %
EG T HEOEFERND LT B A, i s A4
FICK->TRED, MGOMMEMIcL-> TRE STV
(BAE - BFF, 2003). ZOHT, 7206 FHEOBERIZ
19604E 123 BT b v b5 72 & DA 200012138 - v
FTHAORL TH O JIE - PHEE, 2003; Yurimoto et al.,
2003), PEEMICHANLREE &> TWb, 7205 XifufE
BOWADERKE LT, AWMED 7205 X isEa st
DA JLERIZ A LT (B0 - 53F, 2003) A%,
AT LA ISR E S s AL Tnb Z &
(g, 2004), LA FICKk2EF (JIFEIEL,

2004a) , KEREEOEL (B33, 2002) BEF5hTn5,

F 72, 20004F-LIEIC [N B MiNEE] LR &b KESED
e I - i, 2003), ZOKEIEOH K
& UCEBRAMORE (GRS - #2JF, 2003), v A L2
&t (Maeno et al.,, 2006) D ABEMEAE XT3, ¥
BofE/MZ DT, B ORI L & OB g X h T
W5 (CKFEIEA, 2001; Yoshino et al., 2007) .
THEEIGOTERAIZIE, A OIS & 0T 2 K
FiBnRETHD , MENEDIIITMARIZHEL T3
2 ERRETS B 72O ITIT RIS AL & HEH O 53 A & [RIREHR 123
NRBEZEDRETHS. LrLENS, HBHEDO-WSE E
BANZ L LA T, REED EOMRD 5 ARIE
AIRBFORRTHICRE SN TS DD (L AlF
2, 1972; AL, 1975; AVLIEA, 1988), EEIBIZ L 5T
fibh 7zl (BIFEA, 1983, 1984; & - hiX, 1991)

DSz i st L MEH & B D i A3 frbh T s
V., BUED T35 T & 2 A WHALHTR TR A & M

HOBRIZOWGHREDOIMAIZB{ LA TES T, 20ns &
I DS/ IN A R, & 7z 1990 4EAR % DR 12 1A P Ui L
HONFT ORI T 720 6 FFHRE A L HER O
SAEBE DT ZFEI TbhThan, ZO0EED
WG A E AL I O A U OB & 1 5 BEHIEIH S
METL 5T,

Z 2T, AW TIIARmEEEAIRIC BT 27206 8
DN AT FOMEH O AL IET 5 Z &1k D,
FRESN A A S HEH ISR 5 R CEAED 720 & TG0 o fn
EREDT T BEEREEMHLMCTSZ L 2HNEL
7z, [FIERICERA S O AR, HE5, HWERIMIO R, sk

o, it E#EN, FEGA s K OHEE O 5 h & ORI
DWTHGETL 7=,
MEEFE

1990 AT ETREEAATFEV Oy 44 S X ERIfEE

THER (B, 1994) 23d 0, MEIITbh72%E Tk
ZhoZRfEE LEWGARS W (EAR - B, 1985).
Z ORI EH AR OB S h Tl 0 (B
JIL, 1996) , WifEDEFHIZEBL TnWbEEFEL6h 5.
AW B O TCOEMMED LRI &7 24 7 X BT 5
(H®, 1992) L&hsd, WO EL K UHEHEIZOWT
IERED & DFIBI MK EEZ 720, A TIRIN G 254
XAl 0o EHE LA, EEOEHERN (P,
2006) A HERELMEADIFLE AL IR V44 FF LA
5h3.
HEEH A B LOHIR
ARG 51 5 720 6 ERREL RO M BUHBNIZ B3 258
EORE (ZIFAr, 1962; SEWRFIZA, 1984; HHE - ILF,
1986; W - i, 1991) 22F L L THEIIE R -
7z, VRS D A3 A A 1% 2003 -8 HiZ 201, 2004 4F-
TR 59 Az4m], 200547 A2 5 8 Az 4\, F /N
Dl IRE LA B B 2 & Hh L ERIZ A T D 48 Ml (Fig.
D IZFBWTHEML 72, 1RO ICE U722 BRI ER L
NTHH, 2LOGATHTHELET L, Ak, P4
O BRI AHIET 5 72912, 20044E133[0], 2005413 1
MORTEN & VAT ET 72, £/, $ESAHE
2003 40 8 A3 L U2004 07 HA 69 HIZ, Fig. 1128
AR A & KA 8 ML (Sts. 30, 31, 32, 33, 34,
35,22, 12) 12 W THEE L 72,

720G XHMEE O AL, BT L il A T
HIEO MBI AR L 2% 1mH %2, 512201 H
Biz2nlH & 223 EB OB 46 8T (2003 400 445
Hips) 2B WTHEEL 7.
BREHE
FHENEDOKESmEAAE T, EEX b (HA
100 um) 12 & B 1 m» 5Kl £ TO 10O RIS
& O RTEM AT 2 & ZREIH O 720 & RIS L GRE
110-700 um) ZFRE L 7=, SHE T AMEAA TldARh AR v 72
K O&RE (H~0.5m), HhE CKEOHRBA @ 2.7-11m)
BXOEE (K E1Im: 4420m) O/ 52001 %K
L, HA100um®DF 5> 2 b 3y b THAKZREBL
Fv M-8 D& e L7z, Kilfkd X OO HlE
F, B AT OB E RS I W TRARD KR - HEE
(Compact-CTD ¥ & UV AAQL183, 7 L v Z % T ; Quanta,
Hydrolab) 12k D475 7=, BREEL Z20RHI IS I 45 &
T —30°C CUHMEIRIT L 72, 2 @BHMEE T ¢, HH (1979)
2o Tz o TG EZFE L, RO L 10 um
B COMRHIEEIT - 72, I 29E DRI
1R & 72 0 OFRERRE TR L7208, BRI & O ik
D7D WAER A v b OB RS BAEPEEE 2 A 72l
ERE L TEEANDIF LT > 72,
HEHOREIL, 2003 12 1E Fig. 21§k L v D&
INT— MERICKBEREEDH L, 2004 4F LIR30 K 2
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130° 1l0' E 2I0' E 3|0' E

*. Chikugo-gawa l

-33° 000 N

—32° 50’ N

Shimabara

=132° 40’ N

Figure 1. Sites used for sampling planktonic larvae and spats of the pen shell Atrina spp. in Ariake Bay, Kyushu,
southern Japan. Symbols indicate survey types. Open circle (O): both planktonic larvae and spats collected; solid
circle (@): spats collected only; open triangle (A): planktonic larvae collected only. The sites connected with the

dotted line show vertical distribution survey sites.

Figure 2. A diver-operated sledge net used for spat sampling.

Ly VDAEHW. BKZL v VOMEHEIZIZHAS 0.5mm
DF 4 v i (NYTAL 38GG) # FH\ 7z, 2003 DA T
3, BERMABERAPARZL v VOXYDRE % Scm,
FREMmMEZE 025m> & L72AY, 20044F & 2005413 X 0 AW

HRMOHERY 2 RETSHNT, WKAL v VOHDORE
Z25cm, PREMMEZ 05m?E L7z, $FREL ZHEREMIL,
WEZEITHARNI2mmD & CHEROBIRIZE L O 7.
IhEKFTESEBZ N, Mk D% 5% HERL< Y
VIETCHEE UBgRIcB L 722, FHABEmEE T T, & - JFE
(1954) 6 K O HH (1979) 125t - T2\ 6 MR % [FlE
U, EEREGEHE L 0.1 mm AT TORRME &17 - 7. fi
BEEIZE M UIEIEA, 2004b; KIBIE A, 2008)
26, MEHIZEERE I H Tt 2mm 2 ISR E T 5 L i
EAND, KR TIEIHRE21mm Y EOKkZ XOfEM
I N0 T, HiKH3 HLBEOHEHOIRY A KL <
WHEDEEZLEND.

KBS

MEEHL Doy A& 2 Of 2 T T FH O RORE 2 $RELL 72, 1
BAOMmMOD T Z YA THEWEFHOa Ty 75—
(HE X B X /8 &0 100X 100X65mm) % F W TR i O
SemfFAEPRELL , BHARRICINEL TR 2T 74 74
2 THAEL 72, ZThaREICESMD | —40°C THASEMR
U7, falRHE, WA (60°C) &2 WidETFL v
VTR ISR, 4mm H Of T H 0 KRB %
ELDB, BW—IZIRA L THMICH L 2. BRI
PIRER B 5 (AVS), SREUEE T X OURIEEML & i L 7=,
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AVSIEAN a7y ZRAEE (M7, 2003) I2XDHEL,
B 2 HZ R & 550°C T 6 ERTNEL L -tk o R
b5t L (FEEIEA, 1987). RiEHERIE, Rk
WAL EARIC X O FTAE L 72t , RV, L —
H — BT R P& (SALD3100, HatsEfT) & &
OHEFIEEGHH L CHIE L 7=, FEFHEIC & B8,
A (1986) 12Hl 5 7=, WiERIZBE$ 2 B & L ¢k
PRl (Mdg) I K Ver B AR L7z, s RIEGIS v 7
I ArcMap8.3 (ESRI Inc., 2002) % FWNTHEX b2 il &
L&KL,

hatrEth

KA TR EE S 7l A s K OTHE L oA EIZ D
W, FAEZ L ICHETO LR (T, 1961) %KD, 4
AR ATz, PR 2 FR < 10 O yEEEs A 34 & 6 1ol
OHEEFAIZ DWW, M B CEREME LS K OEED 5
WIZEN D B0 E D H % Friedman B E (I, 1990) 12
Ko THE L7z, &7z, b & e A O %
11 72HIc DWW, FiEdh ik & HEH O SRR & R 2
CACEERL, MEOMBERIR L, X510, MHOE
ERE BB O BR A BRI T T S TR T, Hahy
7 b R version 2.7.0 beta (R Development Core Team, 2008)

R - e 1 BRI - BRI - TR

vy, ER AT & 1T o 72,

#w 2

R E DD

200313 8 HIZ T » 722D FA T 48 b pivh 42353z &
ORI A B L, AR S AR e £ T
JEFESTREEN A 35504 LT 2= (Fig. 3). & < ISFET
EIRHE DR (Sts. 26, 32, 33) TEEDOIEIFRE X7z,
20044127 A 5 9 221 THr - 72 41810 4 TS
AR L 2 s ag i 2s i & e 0, BREEMARE
132003 FFAZ R TR E WA U7z, PRI F 03T
BB & )ROSR E 2 AW I3 54 L C
W7zAS, 7T HROFE TIEARNNMIT I & R E 23 A
SNz, 20054136 A A 5 8 HIZHh 1 TiT » 72 4RO F £x
TR A B U 7= i3 a8 b b 273t i e 0, A
B L e & P T D O AT BT RIS 2 O CIAGRIZ
A LT zAs, 20034F-0 & O AW 5 S B IIEERD &
nNsnroi-.

H O LIEEE, b einARIZ1IED RkEL (FKR
£, p<0.001), HEHAMOMEH AR S 7z (Table 1). 2003
252005 £ TOREITT T B ML 55T L 22 iRilE

26 July 2004

07-14 Sep. 2004

Figure 3. Horizontal distributions of planktonic larvae of the pen shell A#rina spp. from 2003 to 2005. Area of each
circle represents number of larvae caught by one vertical haul of Kitahara net. Crosses show stations where no lar-

vae were collected.
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Table 1.

Statistics of larvae survey data and Morisita’s /g-index. F-test is used to test the null hypothesis that a

Morisita’s /s-index value is 1. Morisita’s /s-index is equal to 1 when distribution type is random, and is larger than

1 when distribution type is an aggregated distribution.

Sampling date Number of Mean number of Sample variance I F-value
samples larvae par net
05 Aug. 2003 48 24.17 2,215.2 4.7 9] 73
20 Aug. 2003 48 35.21 17,723.3 15.0 503.4%%
26 July 2004 48 1.96 19.2 55 9.8k
09 Aug. 2004 48 0.63 3.2 7.7 5.1k
23 Aug. 2004 48 0.04 0.0 0.0 1.0™
7-14 Sep. 2004 48 0.02 0.0 — —
14 July 2005 48 0.54 12 3.2 2.k
28 July—03 Aug. 2005 47 134 6.1 3.6 4 5%
11 Aug. 2005 48 0.19 0.2 0.0 0.8™
26 Aug. 2005 48 0.13 0.1 0.0 0.9™
—: I is unavailable
ns: not significant (p>0.05)
% p<(.001
O BB (ind.-m™3) DM, 20034258
38, 20044237 5 KLU 2005232 Tdh - 7= (Fig. 4). meSmwmﬁwmmm
390 4F DB CITHEIN L D TR A5 157 - 72 2003 120} 1 mamber of samploc 2003
-8 BRI DI A D $ I 3 AT & 4 X A7 (Fig. 5) T 9ol
ZOMBR, (1) WEOEEZER 0.5m) TIRIEL | 1S £
(MBS F1m: 44-20m) TE» -7z (EEBEED 70% L E 60 n=48 |n=48
E) 2k, @ ME00umEkWONEOEES I g 30f
Q7-11m) TE» 722 %, (3) 200 )| 500 um A D4 S 0 NS . NS NS | . , NS
BRRICHBILZ 600, KIS S EEWEEIE> 5 30
722 &, (4) 500 um L E D KBIL AL 2 [BIOF & A58 L T g 25
BRICOAMB L 22 L £ R LE. DESRED SRS 2 20t
hiz8 H20 HOKEE, #RETI328.5%°530.0°CTH -7 = 15}
DIZX L, KESmUETR26CUTTh -7, 2, g 107
S I3RS (Sts. 30, 31, 32) T3, (ZIFRRT28LTT 2 8' NS . NS
b o7, AHEHFEO KRBT (Sts. 34, 35) O HKkE & 30 -
TIE30LL e s 57, T s |
MEOS g 2|
8 H & 9 I HEELAS U L 7=l AE b s B0, 2003 4R12 13 % = 15|
NZhasHsh 165 KO I3 TH - 7248, 20044F-13 46 § 10 |
i 93 I TN THIAT, 2005413 46 Hipirh 12 36 L N6ty 5
LA U7 HEHO S ARENE (ind. -m™2) I33FEOMTAE 0
STEB L. 20034E0 8 FIZ 13 A T80 & 7 5 Hi i 25 1y B late early late | early late | early
June July Aug. Sep.

L 72AY, 200448 & UF2005F TlEW TR I AKT20T
Ho7z.

it R n 4 (Fig. 6) 128 H, o AW h & 3FMT
HRIZE L 5 TH D (Kruskal-Wallis 7€, p<0.01), ZEIb
DR, 8 H DR R T2 2003 4F & 2004 6 K 1082005 4F-D
M, 90 O#ETIZ2003 4 & 2005 F-OROENFEE &
D, TN 2003FDFERENNE» o7z, iz, HE

Figure 4. Average population densities of planktonic larvae of
the pen shell Atrina spp. from 2003 to 2005. Vertical lines on
each column indicate standard deviations. The data from late
June in 2005 was obtained by a preliminary survey. NS: no
sample collection; n: number of samples.
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HO k= % 2003 O FE & 2004 4% K U 2005 4D
TORTHIEET 3 &, 9HDOFERD 52.7mm, 52.1 mm &
BORKFERITZNIEIEE DS B o7z, 2003 DA
& 20044752 5 2005 SFDFBEDOB THAKZL v VDA DE
TRFEL o h, MEINHEOBRERD LA KX
BT, ZOROARHEE CRE XN 7-HEH ORI
T, K2V 9w DOHDOREINEL o722 LI2k B
FAERD B 4 TANDBIIB N T EWEH A 7=,

Density of larvae (ind.-m)

0 10 20 30 40 50 60

05 Aug. 2003

n=28

Surface E

[

w

g =
= o
2 &
= o

20 Aug. 2003
n=3y8

[ <200

200-<500

M =50
shell length (um)

Sampling layer in the water column

n : number of samples

Figure 5. Vertical distribution of planktonic larvae of the pen
shell Atrina spp. by size in three layers of the water column
on 5 and 20 August 2003. The levels of the middle and bot-
tom layers varied with water depth at stations (surface: 0.5 m,
middle: 2.7-11 m, bottom: 4.4-20 m). n: number of samples.

R - e 1 BRI - BRI - TR

AR 6O R TN CIZBWTHREIZ1I LD A
EL< 5, MEHOBAMIZIZED S MOMEE 2R S iz
(Table 2).

R MM H O3 1= % 25 mm A & 25 mm L F I X 5%
L, HE»SMAIZE AR EHEHO K E COR%RE
BEF L7 (Fig. 7). WFhOFEIZE W TR RE I N-HE
DO EAEAREUZ 58 275K 25 mm Ll EOEKD BB EIA 138
HEXOOADTAEL 5D, HIEROHEHDE & KM L
T 7=, HEELOD 504 13 6 [0l 00 3845 %58 U ¢ AL ik o o
IZE L IEIC A R W ER AR L7z, 2 OENIZRE 25 mm
P EOHEH DS AGIZEiFZETH » 7=, & <12, 200348 HIZ
i, AR O Sts. 2, 3 TR 25 mm A O HEE 232

60 - 18-22 Aug. 2003 10+ 17-22 Sep. 2003
504 n=91 g n=>51
404
6-
304 4
204
ﬁlm 27
=g oA 0 TR
:-E 104 23-36 Aug. 2004 104 21-23 Sep. 2004
= 8- n=21 g4 n=2
R o
[
: 4-h'|—ﬂ—l‘l 2
o 2- 2-
(]
—g 0 I T T [ [ |_|| L1 1
B 10+ 25-30 Aug. 2005 10- 26-30 Sep. 2005
Za n=32 g n=18
6 6
41 41
24 24
0 L1 I L

0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Shell length (mm)

Figure 6. Shell-length frequency distribution of spats of the pen
shell Atrina spp. n: number of individuals.

Table 2. Statistics of spat survey data and Morisita’s /s-index. F-test is used to test the null hypothesis that a Morisi-
ta’s Ig-index value is 1. Morisita’s /5-index is equal to 1 when distribution type is random, and is larger than 1

when distribution type is an aggregated distribution.

Sampling date N;n;ll;elresf o fl\:;;n(ifisi}iz) Sample variance Is F-value
18-22 Aug. 2003 45 8.09 3414 6.0 42 2%**
17-22 Sep. 2003 45 4.53 92.1 52 20.3%**
23-26 Aug. 2004 46 0.91 9.5 11.4 10.5%**
21-23 Sep. 2004 46 0.13 0.8 46.0 6.0%**
25-30 Aug. 2005 46 1.65 14.6 5.7 8.9%x
26-30 Sep. 2005 46 1.39 18.3 9.7 13.1%%*

w3k 0,001
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ZMN36, 52ind. - m 2 DEE T L 7228, 9 FIZIE i R
OMEEBEIIME T L, &R 25mm bl FOMHFE I h i
Mot —F, KEHMTIZIAIZHE2S mm Pl EOHEE
MR Sz,

FHAHAR A58 U T, USRI 0T B IREE A SRR A R
BEXUOHEBREDGMIZEND 57 E 9 » % Friedman B &
12k o TRE L 72455, Al SR (R 5 T 0.1%,

18-22 Aug.2003

17-22 Sep.2003

21-23 Sep.2004

26-30 Sep.2005

hell length
e 100 (ind.-m?) MRS 1oneh A shell length

<25mm =25mm

Figure 7. Horizontal distribution of the pen shell Atrina spp.
spat from 2003 to 2005. Area of each circle represents popu-
lation density of spat (ind.-m~2). Crosses show stations
where no spats were captured.

M R Tl 5% D EMETHINBOENFERE 55 72
(Table 3). S D BRENABED F-INERT F A7 S IR,
PREESEFIEE Tl Sts. 33,32, 43,26,282 50, FDEHL N
R D 5 R RM AT DB IHRIZH > 72Dk L, HE
HOBEIZOWTIL, Sts. 22,44,21,29,45 %0, KAH
MZER LTz, 25600, Al EHE & HFHEOm
JFEAT 5 72HRIS DN T, PR & MEH O BREE A K %
EZTEICHER L, WEOMB AR L 22R, AR
2003, 2004, 2005 - T Z L2 —0.171, 0.034, —0.094 & 7Zc
D, WFNOFE HBBIRIZED 5 s h o 7z,
KBS

BAEDSH LI D 2B DOFAEM RO I %A, FHEHHE
T EITEERRXI & LR L7 (Fig. 8). 34ERMIOFAEZM U
THWHERE T, RO LY B K OB D
<, REARE VA, WHETIE, HEEMhoOmts &
UCHRBEGRE 1S5 <, MENNEWEHRBAL N7z, AVS
13<0.001-1.0mg-g "2 DHPHIZH O, FEEEFES I,
BN TTEVE EZ R L2z, HEEAHEBLL 72 AVS D
P, AR 25mm A O H T0.60mg ¢ "HZRULIT, #
F2smmbPl ETi30.23mg-g "H2RLAT & 7 5 7= (Fig. 9A).
TR R 1T 1.8-15.9% DHPHIZH 0, EEBFSM, T
BN L OSRZ RIS @l 5 L7z, MR
B U 7z Bk o ®P I, R 25 mm Ak, R
25mmbl E& & 2.7-13.0% 5208 T d - 7= (Fig. 9B). HILRi{E
fE D FiPH 1 0.55-9.29, Yo D HiPHIZ 1.3-99.6% & % D
WP G RS & OSNEN TR A 2\ S
HBZELERLUI HEEAMBLL =i SOR EEE O S 13
PR 25 mm RO HEH T 1.1-7.9, & 25mm ETiE 15
8.0 (Fig. 9C), [ < Y/ DHPHIZ, 7R 25 mm Al D
HEH T 1.6-99.6%, #%E25mmbPl ETIiZ1.9-91.0% & % - 7=
(Fig. 9D).

Ihs DORESLMEEHEOE RS & OBREBIEY 5
728, AT T ILAD Y TR IZ X B EERIH %
1757z (Table 4). fREVRREIIVTNOFREFIZEVTEH
RIT0 & T L 5> Tz, &< IZAVS TIER R 25 mm A il
DEREKIZY TIY 72546 ORWDR R A —2.680 T
HoDIZx L, w25 mm Y EOERBEEIZY TiZo
LA O R BN —7.915 EHERHEA K Z < 2D, AVS
DEFENDFEPHHOKEL L ITKEL B> TNE T

Ll

Table 3. Result of Friedman test for homogeneity of larvae number and spat population density among stations. The

data sets containing unavailable data are omitted.

Number of

Number of

Variables . 1 d.f. p-value
stations surveys

Larvae number 44 10 92.49 43 <0.001

Spat population density 45 6 61.84 44 0.039
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Figure 8. Horizontal distribution of AVS (mg-g~' dry sediment), ignition loss (% dry sediment), median particle di-

ameter (phi scale, Md¢@) and mud content (% dry sediment) of sediment from 2003 to 2005. Values are average of
two measurements obtained in August and September.

Table 4. Estimated partial regression of sediment parameters from a multiple regression analysis in a log-linear

model for spat population density. A p-value is the provability level for the z-test to test the null hypothesis that

partial regression is 0.

=25 mm in shell length

>25 mm in shell length

Variables

Partial regression p-value Partial regression p-value

AVS (mg- g dry sediment) —2.680 <0.001 —7.915 <0.001

Ignition loss (%) —0.362 <0.001 —0.158 0.025

Mdé¢ —0.239 0.004 0.642 <0.001

Mud content (%) 0.055 <0.001 —0.037 0.001
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Figure 9. Relationship between pen shell spat population den-
sity and (A) AVS concentration in sediment, (B) ignition loss
of sediment, (C) median particle diameter of sediment, and
(D) sediment mud content. n: number of samples.
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