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Distribution of macrobenthos and bottom environment parameters in Toyama Bay

Ryo TSUJIMOTO"', Keiichi SHOZEN® '*% Seishi HAYASHI"',
Takao WATANABE"®, and Kazumasa IMAO™*

Distribution of macrobenthos and bottom environment parameters were investigated in
Toyama Bay, Sea of Japan, in May 2001. A total of 253 species and 2,238 individuals were
collected from 60 stations, using a Smith-McIntyre grab sampler (1/10 m?). Numerical density,
biomass, number of species and diversity (H') ranged from 0 to 124 individuals/0.1 m®, 0 to
7.60 g wet/0.1 m?*, 0 to 49 species/0.1 m* and 1.06 to 5.06 bit, respectively. Bottom environ-
ment and biotic parameters of five areas, i.e., western, innermost, eastern, Kokutou and central
were compared with each other. Silt-clay content, ignition loss, acid volatile sulfide and COD
were relatively high in the innermost and central areas, especially in front of the Oyabe River
and the Jinzu River. In contrast, these parameters showed low values in the eastern and
Kokutou areas. Macrobenthos density was high in the eastern and Kokutou areas, whereas it
was low in the western area. Polychaetes accounted for 59% of the total abundance. Comparison
with a previous survey conducted by Kitamori (1971) showed that the densities of several
polychaete species decreased drastically during the interval of thirty years.
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(Fig. 1o FATHSOBE - BERC/KIFER, Table Lii/R L1z, AR TIE, FEL R EE
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HWagE (Stms.1~11), /NREBIID S BB % T4 AR (Stns.12~28), HEEIF/IF O
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Fig. 1 Map of Toyama Bay showing the sampling stations.
ZBic B 2 WS



&S ZBUEOT oY R R 21

Table 1  Location of stations and water depth at Toyama Bay in May 14-18, 2001.
ZIWEB I B 1 IR S DRRRE « B L KE

Station Location Depth Station Location Depth
No. Latitude Longitude (m) No. Latitude Longitude (m)
1 N36° 56.7' E137° 3.6 50 31 N36° 48.1' E137° 19.4' 404
2 N36° 56.4' EI137° 4.5 215 32 N36° 48.6' E137° 22.7 200
3 N36° 56.4' E137° 5.0 400 33 N36° 49.1' E137° 22.3' 300
4 N36° 54.4' E137° 2.4 64 34 N36° 50.0" E137° 20.9' 894
5 N36° 54.4' E137° 3.I' 163 35 N36° 49.5' E137° 23.1' 185
6 N36° 52.5' E137° L.I' 42 36 N36° 50.1' E137° 22.5' 404
7 N36° 52.4' E137° 26 89 37 N36° 52.3' E137° 24.4' o0
8 N36° 52.4' E137° 3.1 215 38 N36° 52.5' E137° 24.00 100
9 N36° 49.8' E137° 19 20 39 N36° 53.6' E137° 24.5' 9
10 N36° 50.4' E137° 25 51 40 N36° 53.6' E137° 24.1' 220
11 N36° 50.6' E137° 29 73 41 N36° 53.4' E137° 23.4' 421
12 N36° 48.9' E137° 4.7 40 42 N36° 55.5' E137° 25.0' 122
13 N36° 49.1' E137° 4.0 190 43 N36° 55.6' E137° 24.4' 230
14 N36° 48.4' E137° 5.4 245 44 N36° 56.2' E137° 24.00 397
15 N36° 48.9' E137° 5.9 350 45 N36° 56.5' E137° 23.5' 486
16 N36° 48.1' E137° 6.3 21 46 N36° 57.00 E137° 27.3' 50
17 N36° 49.0' EI137° 6.7 192 47 N36° 57.4' E137° 27.3' 67
18 N36° 47.6' E137° 8.5 56 48 N36° 58.1' E137° 26.7 322
19 N36° 48.0' E137° 85 200 49 N36° 58.0" E137° 28.7' 50
20 N36° 46.8' E137° 13.0r 60 50 N36° 58.1' E137° 20.7' a0
21 N36° 47.9' E137° 12.3' 183 o1 N36° 58.2' E137° 29.5' 100
22 N36° 47.0' E137° 13.7 52 52 N36° 58.9' E137° 29.00 194
23 N36° 47.6' E137° 13.7 130 03 N36° 59.0" E137° 31.3' 100
24 N36° 48.0' E137° 13.7 156 o4 N36° 58.7' E137° 32.9' 43
25 N36° 47.5' E137° 14.2 592 95 N36° 59.3' E137° 33.4' 100
26 N36° 47.7 E137° 14.3' 107 o6 N36° 59.9' E137° 33.4' 232
27 N36° 46.6' E137° 16.9' 100 o7 N36° 54.1' E137° 6.8' 578
28 N36° 46.9' E137° 17.2' 190 58 N36° 51.7 E137° 9.0 611
29 N36° 46.7' E137° 20.5' 45 59 N36° 50.9' E137° 13.7' 393
30 N36° 47.5' E137° 20.2 185 60 N36° 52.4' E137° 13.7 631

SHAE RiRE, BLRKERBISEERER nlh] SEERERER (Eeo&]1 K
IDRIRewoFvi4vr-—RIRER (/10 of) ZHVTIT-> 7. BIER, KEMASH/N
TEAMICEL B IBEMETH S Eh o, FIHMIEDKEIZ20~631 mOHEBEICRA K, B
L-HEYiE, EEOMHCERORAL VIS cndEH 5100 g 20 L 12R, Bho2E
lmmA v ¥YaDEETHZV, BLICE > KEEEYME10% DS V=Y v TEEL oo FREL
RIEAEYO S bAGEBERI g UTO< 70Xy F 25800 EL, BoLolEkY, BEE%
I 7o BB, ZEHOREIIRE, REBVOREIESH TEEREEZME L, <7V
ZDEHRERYK (H), Bo#EEX (H..) KkUHEHFHEH () &, Pielou (1969) &k ->TXK
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Fig. 2  Spatial distribution of (a) silt-clay content, (b) ignition loss, (c) acid volatile sulfide (AVS-S) and (d) COD in
Toyama Bay.
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Wiz, w70~y b ABEESR, BHREZLEICESETED2 -2 Y » FEEBEAERY, BFEY
HBickB7 525 -3 F%iT- 1,

EERELEET 2700, NEMK BEBE WIUE (AVSS) RULEMNBEEXRE
(COD) %MFE L 7z, REMKIE, S50 H BA 1986) ik -> THIE63um LIT%E v
begbitEl, ZOEGEEBENERTE L, BMEVREIZ550°C, 6RFRIMEEIC X 35k (L
5 1987), W b¥E (AVS-S) BHRHERE (HFKEERRERS 1980), (LEMNBERERE
(COD) IRIT » Rt (1986) DFEZEH VI,

& R

EERIE EESWEETHS v iR, BEREE, HEYERU COD O5H%E, %
hZh Fig. 2(a), (b), DKRTF@IZRLT,

YW e kTR, 326~992% DEHTH - fro KIEDEWVEREE (Stns.57~60) & 2RI
O/NRERNN, FENI, #a@)l, EEEF)ISHEGACHEE (Sns. 13~15, 17, 20~24, 26~28) i<
BWT, YIb LRV ZBR 1z, TOLUANOTES, EERE, I, 2I)IICIRBEOK
ZE200 mPLEDHEIRICB W TIZ32.6~96.9%TH - 770

BRI 131.3~134% DHEBHICH b, Sts.1, 16,17, 39, STOSHIS TIZ10% LI LOfEERL 120
W R U RN S T R8BI T TH - 12,

WAL¥EZ, 0.01 mg/ g KiF~0.18 ng/ g RDEHEHTH » 1=, KEFKEE (HAKEERE
FEHS 2000) iIKBWT, EREEPETZEELLTEDOSN02 ng/gZREBZ B4l
BRI o toe /AINRERIN « FEJIRE O#838 D Stns.13, 14, #@) 1178 O #EK D Stns.22, 24~26, B A
NEO#EO Stns.33, 36K UPHER#HIR D Stms.6~8ic BV Tid, 0.16~0.18 ng/ g B D HFHICH -
120

COD (%, 1.6~21.7 ng/ g Rl DEMicH v, PHIEIRD Stn.1 & BRIPAEFIRD Stn.5TD2HIH T
20 mg/ g FIREMA 1o BRIB, /NREBIN « FEJIRET O g K O #d@) | ] D #s (Stns.13~15, 20
~22,58,60) T3, 10~15 mg/ g LROEFTH Y, zhliA0HEERIcB VW TIE, #Rl15 ng/g
%EM—F'C& 2 fCo

EB oA EBRNE O ckiE & OEBARAE % Table 2ISR L1z KEE YV b « $5E RO
HE COD DRI ZNZENEERIEOHEE (ZhZ¥h, r=0344, 0346, p<0.01) HBAHSh, %
fo, IRTOERESEERTERLIEDOHERE (r=0.364~0.617, p<0.01) BB D SN 1,

Table 2 Correlation matrix of analytical factors of sediment and depth in Toyama Bay.

BB B 3 EEASFIEBREE S Uik & BEMTIRE & 0HEBIRRFR

Depth Silt-clay content Ignition loss AVS-S
Silt-clay content 0.344 ** -
Ignition loss 0.105 0.434 ** - -
AVS-§ 0.004 0.414 *=* 0.364 ** -
CoD 0.346 ** 0.617 ** 0.506 ** 0.555 **

** significant (p<0.01)
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Table 3 Comparison of density, biomass, number of species and diversity of macrobenthos between the investigated areas
in Toyama Bay.

BBt Bid 577 o~y b ROLEREE, £YR. SR CSHRERROBIRG O

Density Biomass No. of species Diversity (H')
(ind./0.1 m% (g wet/0.1 m’) (species/0.1 m?) (bit)
Range Average:SD Range Average=SD Range average=SD Range Average=SD

(‘;';f;"l"_‘lf)’ea 0-113  27.0+346 000-473 1.10%+1.49 0-44 106+125  1.87-506  2.08*158

Innermost area

(Stns.12-28)

8-91 304+26.2 0.11-708 1.96+1.83 3-31 10.9+6.5 1.06-4.67 2.62+1.08
Eastern area : + : + } + : +
(Stns.29-41) 6-100 32.5*24.6 0.09-6.03 193*+1.63 6-27 12.3%£5.5 2.22-3.93 2.90+0.46
Kokutou area
(Stns.42-56)

Central area g + } + i + N +
(Stns.57-60) 18-64 338208 041186 1052011 517 11.5%5.2 1.80 381 .......... 294_085 .....

Average 0-124  37.3+30.5 0.00-760 185+186 049  139%102  106-506  2.96+0.94
(Stns.1-60)

11-124  57.8%£326 0.05-7.60 2.44%2.40 5-49 21.7+£12.6 1.67-4.94 3.46+0.98

TIOARY NADEBRRE, 498 BHERUSKEREH =ElBZimEcRal, BET
L OEBEERE, YR, BERUOSHEREE B L ER%E Table 312, Thoopfhze, £
hZh Fig. 3(a), ), @QKRUWIKRLT,

ST L DEBEE LB THET 5 &, HENSEVIEC, BHIILEE, BRE, RHW, &
B, s, BELELRTIR THEEEE] OERASS Shic (Table 3, Fig. 3(a))o
ZIBLBOEBEE L, 0~124E#&N0.1 do&ETH bH, Ty 1EEEFEZE1337.3130.5 14/
01 MTH »7to HEEBEHMI00MEN0.] bl Tdh - 1fisfid, sm9 (113ME#/0.1 mf), Stn.40
(100f8£/0.1 nf), Stn.47 (124ME{£/0.1 nf) K¢ Sm49 (103E{£/0.1 of) THDH, SmILIAI
HE & BEIIDHRBRTH » 1o —FH, EREEHNIVEF0IMLITTH » 1 Hlikid, Stns.T, 8,
10 (OfEA/0.1 of), Stns.6,38 (6M/0.1nd) KU Stns.1,22 (BEEF/0.1 o) THD, PEMEEHL
7S BER o w17 D Ic B L TEBEBE S ED - 12

HEYIRIE, 0~T760 g wet/0.l MOEFTH Y, FYHIEHER%131.8511.86 g wet/0.l niTH -
tzo EMIBONHIL, BhEREEOZhE—EKL I (Fig. 3(a), b))

BHTI, 0~490.1 &R TH Y, T IEERFZEI139110.2/0.1dTH 720 ER
o/ NRER) - R O#E s FRIIUEOBRIc B VW, BRBEZWERMSA 51 (Figsd
OB

LREEFISY (H) T3, FHEPHEERO Sms.7, 8, 1003MSIc BV T, =7 v XY b ZERIE
NEh oI ELSHETE L1, TOMEAERV I BHREfER O IE, 1.06~5.06 bit
TdH » 1o BILBLBOEBRERBOFEHEEREE, 2962094 bit TH » oo SHERERER
DINE I - 1= FHRIGHIS I, Stn.22 (1.06 bit), Stm.19 (1.10 bit), Stn.13 (1.39 bit), Stn.17 (1.40
bit), Stn.14 (156 bit) TH Y, VTN SEREHRTH > 1o SHRERBMBES B - LERNL
LT, Sm22icB\W\WTid& ¥ & v RD—FE Apionsoma sp. H5, Sts. 19,13, 17, 14ic BT}, *®
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Fig. 3  Spatial distribution of macrobenthos community parameters: (a) density, (b) biomass, (c) number of species and

(d) diversity (H') in Toyama Bay.
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YV 9 7Y I h A Maldane cristata WD TELE L, BEEMSEL Lo SITERL 72,

270Ny b ZABELEAREROKEEORICEFRES 20 2BHOMICT B0, w70
Ny 2ABEOEYFENREOER (EEFE, EH, SHRERK HEEEH BoBEX)
EEESWEBRIOHEBEBEFREFNR, ZOFERE Table 4iIcR L7z, £EFE LRILIE, EHK
EVvh R, B EHYE, EHE COD, ZHEREE vV 1R BHRERK
L COD, HOEEI LV W1 HE, BOoBEILWIMERCEOEEE &L COD DRlIcA
DOEEMNA Sl (r=—0489~—0.358, p<0.01), £EFEE L WEAEE, BHREBAER, 2
BERNIGIIYERCECEES LHARBBOMICOAOHEBMA S (r=—031T~
—0.258, p<0.05), BifLMENE 722 LIHFEIEHEZR  EMENSBUER B 73 3 {HH)
BE o, ZOMOEEATHBICEV TS, MESKRE L2 LEH, SREBFIRVED
BE IR T AEMESH - 1,

Table 4 Correlation matrix between analytical factors of sediment and community parameters of macrobenthos.

EREAHIHE & <7 o~y b RBHROEYFEATER & OHBIRGR

Silt-clay Ignition

Depth AVS-§ COD
content loss
Density 0.071 -0.250 -0.260 * -0.386** -0.186
No. of species -0.137 -0.489**  .0.276* -0.443%* -0.370 **
H' -0.162 -0.366*+  .0.214 -0.317* -0.360 **
y -0.174 -0.088 -0.065 0.081 -0.092
H'max -0.089 -0.436**  .0.258* -0.422%* -0.358 **

* significant(p<0.05), ** significant(p<0.01)
H" index of species diversity, ZHEEETERK
J: index of evenness component diversity, YIRS
H'n: index of richness component diversity, FOEE

FTEBEONH AFBIcL-TEOIN<7oxy b2, 138WPY, 2538, 2, 238[ETH
b, ZOWRIBEESMFIITE, REBWFSTE, SiLEPPI408E, BRESWFII6ERTZ 0D
fthoBN) CGRIRAENYIFY, RIEEWIMY, MBI, SEBHF, W LB, 2O, ik
FEYIFY, T[RRI, BB 148 TH - 2, HIE T & ORBUEEEE B ERER I
TH 5L, BEBYM (§XTEER H2ED59%, REEI222%, HiREWM, BHREY
FliZZ N ZEN6%, Z£DOMOEIIT% % LW, SEHO LD 2EENEN, -2 (Fig 4o

BRI hlc=7o0xv 20955, B LLRBETOEMSEETH - LB >WT, HH
BNV EAI10/E % Table 5Ic/R L7, HBREGFEEKO LA10ED 5 5L EH/TRE, RixEH12
H, EOgmiEchYohnl, ROHREEENESH -8R, cv 945 7vTh14THY,
INREBNT « FENI] O #s (Sts.13,17,19) B IR L7z (Fig. 5))o F €V FH 1 Yoldiella
philippina &, Sn.40 (51E{#/0.1md) & Stn.28 (36ME{E/0.1m) IKHh -7 (Fig. 5(b)) I Xk
* IH AR O—FE Tharyx sp.i3, BILBLBIHHL, HTHRAIFOBEICEL» - 7 (Fig.
5())o 2 F¥ > FH 1 Axinopsida subquadrata iz, BR)IFOHD Stn.34 (20MEE/0.1nd) KT
BN E OO Stmd2 QTEEN.1m) IKEh -7 (Fig 5(d)o ¥ NV= I H 4 Sternaspis
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Fig. 4 Numerical density (a) and numerical composition (b) of taxanomic groups at each station in Toyama Bay. No
macrobenthos were collected at Stns. 7,8 and 10.
BB cBLWTEE Nz 7 o X v + 208 HEI 04 BEE (a) L HKEIS0b) Sms.78,10IcB W=
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Table 5 Ten dominant species ranked by individuals collected at 60 stations in Toyama Bay.

w160 =iA o B U ARl (8 EHE & EAL10kR

Rank Species Individuals
1 Maldane cristata 187
2 Yoldiella philippiana 159
3 Tharyx sp. 150
4 Axinopsida subsquadrata 78
5  Sternaspis scutata 70
6  Apionsoma sp. 63
T Onuphis holobranchiata 62
8  Laphania sp. 48
9  Neoheteromastus sp. 47
10 Nephtys oligobranchia 44
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Fig. 5 Spatial distribution of the numerical densities of 10 dominant macrobenthic species in Toyama Bay. (a)Maldane

cristata, (b)Yoldiella philippina, (¢)Tharyx sp., (d)Axinopsida subquadrata, (€)Sternapsis scutata, (f)Apionsoma sp.,
(g)Onuphis holobranchiata, (h) Laphania sp., (i) Neoheteromastus sp., (j)Nephtys oligobranchia
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scutata (&, BIWEBIILLS AmL, EFINLIEHROD Stn.d6 (23@E&/0.1nd) <% h» -7 (Fig. 5
(e))o ¥ b YFID—FE Apionsoma sp.id, TKER200 mLLROHEIFITILL 237 L7 (Fig. 5(D)o
HF T4V A Onuphis holobranchiata (3, BEBIILIEH#EE D Stn.AT (35FEE/0.1f) KZh - 12
(Fig. 5(g))o 7% % 4 BO—H& Laphania sp.i3, BH)IIFEOHERO Sma4 (19@EH#/0.1nD),
Stnd5 (29fB&/0.1nf) O[O HH S RME Nt (Fig. 5o 4 b THAFHO—TE
Neoheteromastus sp.i, 7K#E2156 mEARO#ESIZ A7 L, EE)IRO#HHED Sn.42 (25E&/0.1m)
KB HBRL (Fig 5(0)o T/ /~¥a XX 3T H 1 Nephtys oligobranchia (&, I/ LIR#HH
KB S HBIL 7ofth, P9EBD Stns. 58, 59K FBHREBD Sm.18ICHE L7 (Fig.5(G))o

VOONY MABESE SBcHBELL 7o~y ROBE#BEL 7 525 —H1TL,
2= Yy FEEBEIS0TXS LR, Sms19,17,13, Sms40,28, Stnd7, Smd2, Sm.50 &
HEE IO OSSR R O EEE D6 v — F it (Fig. 6)o Stns.19, 17, 130 3113,
R AR D KIEII0~200 mIcHIBL, 47 7V THhA DEEBESEVC EhtE L (Fig
5(a))o SI40, 28T, FEVFH A DEBEENSFL T LHHELL (Fig 50))o SmATRE
IR LB L, 7+ 74 v A3BEEN0.1d (Fig. 5(g)) R¥a/~yolxTh414
{0108 (Fig. 5G)) 7% < BB Lz, SmAIREFOBAOBRICABEL, 2+ ¥+ ¥4
A 21 EN.1m (Fig. 5(d)) KA b ITAH A O—FEH25MEE/0.1nd (Fig. 5G)) DHEBFE
THERL 2, SmbSIIAEHERICMEL, X+ 7 €t b FRO—FE Amphiuridae sp.H5341EA/0.1 of
HE Lo ThoPADMIEIRRERLII7 V-7 IcB LT (Fig 6)

300
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200 ]_I
150 ..
T e e T e S e R
Station number

Euclidean distance

—_ i1}
—

Fig. 6 Dendrogram of the Euclidean distances (UPGMA method) of macrobenthic species compositions collected in
Toyama Bay.
BB 2270y  RBRICL > THBLALEEROF Y Fo s 5 A
BRcBVWTENE N =7 axy F ROMREGFHIC X -T2 -2 Y » FIEMZHEL, BHES%cL-
TRDI=,
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BEILBOEERBEOREIE, vt 1R BARE, HWE, coD & bicHEilE/h
RERN « ENFE O#EKR CERBTHESE <, HHEERILURBRTEVI ETH-1-
(Fig. 2)o BEWBICHAT3L2FIIDS> b, w8 E/NEE)H» ARSI 3 COD BiZLEDS
BEEBAS & (BELWAKEREWHRS 200 », FLEERBICHAT 2 HEF/IEBH)IN
FRENNOI:H I OHBENSZ WV (FIF 1986) T &b, BLBOEEBE*HHMIF 3 AR
BEREEZEZ 6N B,

EBRIE & EYERSROBFRICOVTIE, YU« BT ROHLR A E WIS TR
D3 BERIM A ST (Table 4)o 7 o XY b ROLHEEIEH T, FEHEER (Stns.7, 8, 10)
EBEREIE (Sns.13, 14,17, 19, 22) TEHHREHREMEDL - 72 (Fig. 3(d). i, FHIBHEHD3
i (Stns.7,8,10) ICBFAHHLHEIZ, 018 ng/ gHRLT T, BWEOHTIIEHWERICH
D, EFRICBVWT=7axy b 2RBEIE N -1, LS (2002) 3, AEEMEAEICEL
TEADREZS | R TMIMBEELT ng/gfilEE LI, ThoDMIETIRZ DHNII0DE
BiCBERV, T/, PEEREECE, KAloBRACREEREMEG S HRAMENS DI Wi T
H5, BABEOIMSETIE, SEIT-> KEESWEEY» S SREBEOBRELEE/LISONT, <
70Xy s 2ROEBEENE, - LFEREBFETCE NN o1, =70V 213, EEOELE
HBEETHIEN S, OBEICBT 2RERMLENOEANGERSI N, 4R, Co@EIcEF
BEEET /70Xy RIZODVWTHENICHET 2 LENH 5,

BEBCHR LIz 7 ox vy 205 5, S EER OEERERK TEZEHT I 24 D59%
2EDic, HE bk« LB 1988), #HEEZE (Horikoshi 1970) MK UFEE7E[# (Shirayama and
Horikoshi 1982) icB8WTH, ZEHEMS LD 2EEAMHENEL, BELBICBI2ZEHOLD
28510, ONFEHELEBUKETD -1, BILBTHEEESZCHRALZZEHOS L, &
VIFETYTHARHF T VA A, ILEBERUEIL, FBCBVWTH VA ROEEGEEY
THBIEMEShTVWS (FEIIS 2000, 78I - EH 2005) Z&h5, BEKEVTD
EAEFECHBRECHEE LT -TWEEEZI SN S,

BEAEZEEMICERICRaLcE A, EEREREE ESHRIE] o274 (Fig. 2) T
HolcDITKL, =7 aoxv  ROLERE, £Y&E, EHL, [RSEE] onfizRL (Fig
3), MEIICRFEDORFEAA OGN, —F, w70V + 2OFEHK» 5 A 1 BHEEETIE, 60
BAROHIEMI I V- FIB LI &b, BUE2BIc B 270Xy  2BEIBIREE
EAHLTVWBE EEZX LN, BRICIIZERA SN >1 (Fig. 6)o v 7 0~V + AHERBE
o, BEREXDT S5 ERTELD >, —POHSE TIEFBNLEESTFEL, T14b
B, FEN - /NEREIE O#ER (Sn.13,17,19) TR&V 95 7 v ITHh 4 BELETIEHENA LN,
BT B LD, TOBBRTIIINIE L UNEEBREOHENSSNISDD, KARLE L TNIR
o 0EBIAERIE VI & (BILEKEREMAS 2001) HERTH A5, £, B
NP EBIRICAIE T 2 Snd2R U SndTD <7 o Xy r 2B i1d, 2hZhZEIBELBOREL
BLEMME L, BER)IFE OO0 b L < RI9IELBESR|TEEShTW3 ¥ 480 (B
AKEZFEFRENRS 1993) LoBEHLEL SN,
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19694E6 H10H ~TH1THIZ/KZEI~T00 mOITHISIC B W TEBI WA EFER dtF 197D
EAEDORHEZRELUBK L1, BB, AHERIBEKEERI gl Lo~y F R ZBRHN L CTEH
L7As, dbd&x (197D) B, BEGEBERIgUEORY ' 22EAKXEEEE, £YE, BRER
FLTHD, Table 6iICIEGKBERIgUEONY M REED-EHERER LI, EMELE
BOGEIC >V TIIE L 2001FEE LR LIER, FEALEEIRY OhEh -7t (WFhd s
test, p>0.05), —H, EEFEEOVGETRERLTESED LN (rtest, p<0.01), 2001FEHE
RO A B IZ1969FEDMIBIc KE LB LTV, 1969FIcid, ZEFHOA bTHABD—
T Notomastus sp., I Xt ¥ I H A B D—F& Cirratulus sp., Cheatozone sp.X C¥RIEENYI D~ >
¥ #' 4 Thyasira tokunagai 75, 200{E{&/0.1nd 2B A 2 BENEVAEBE THEIh TV, L
L, 2001ERERICEVTIE, Tho4BOEYEIRIEE0IdUTOEERETLIKRS
hy, EEFEESETLAECERTS -7/, 1 (2003) 3, FRUAREOLIETVWRLER
Tld, BREBEEVHERT 20, ERUVEFTEROERNICHFVEERTEERIEKRL, ZEHEE
LT ABEICEL, SSCANEMSEART S L/NESERLZIVPEET 2B BERE L
15& L TWA, 7, Pearson and Rosenberg (1976) ¥, EAAEYEEBOELEIETER, %
TR, 7R, EERBOABRBICSOEL, BTHcHRTIMBNRELEEYE LT
Cheatozone J& & Thyasira BT TV 3, 1969FEFTHERFICI VWV TIL, Cheatozone B & Thyasira
BOHHEESNTEY, BITEHICKZI T 5BESFEL TOich, 001ERERICEI A S0ER
BEPRESCBDL LI ED S, BITHICELT2BEMBD LI EEZ SN B, 1969FFHER
T, BLBROBMAICB VWTHLMEN0.2 ng/gZREBA TEY, FHICERIBO/NEE
N e ENFEOBSICBVWTHETH - 2 (BILE/KERRE 1978, JIE 1985, L L,
2001 A ERICIEILELIF T2 ng/ gHBEBA AHEAMNNEL L 1, =70V 2D
HRDZELPERBENSRD L C ERUFMBSEBD L2 &0 o¥Md 3 &, 20014FEDE
HRERIGHFELHRLTHE L EEZI SN,

Table 6 Comparison of macrobenthos quantities with a previous survey in Toyama Bay.
BBV TAELTOOAARLD2 7 ox Y F ROBHHE

Density Biomass No. of species
Source (ind./0.1nf) (g wet/0.1nf) (species/0.1nd)
Range AverageXSD Range AverageSD Range  Average*SD
Present study” 0- 1256 388% 305 0-171.3 13.8%24.8 0-49 14.7+10.2

Kitamori (1971)®>  0-1,048 109 *159 0-156.4  15.4%25.2 0-44 159% 938

" Present study was conducted from 14 to 18 May, 2001 at 60 stations.

P Kitamori (1971) was conducted from 10 June to 17 July, 1969 at 97 stations.
These values include specimens with more than 1 g wet weight.

Y ZoOREE, 20015 14~18HICH I TOHIAICBWTERBS Nz,

P Jegk (1971) OFAEIE, 1969F6H10~TALTHICH I TITHISICB LW THEBEa hi
Choo¥fER, ARBEER] g +B8X 3ELEZEALMETSH 3.
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AHRICE - T, 2001FIcEF 2B ILEDEBREEE, 1969F & LK L THESBEH S, &
ICEREO/NREN « ENFEO@RONENTEETH » 12, —F, BHBHOMERIcBVWT
78X b AOEBEESBIRHICDEOWHIENER S o LR BRIIFOER oS TEL
EEWMOHEME L BFUMOE V= oY  ABEMSHERS Wi, 5%, ThH>0FEREZE
L, EBOEERRECRESHICIEET 2 EABETHS I,

AEERET 5icbic, BINEKERBGOHIE « FE/KROA 2, BERER Ll
HIGRERER [F3eo% ) ORME, XEGHEMREKASHEOF LI THAVILEEE L1,
B ALY 7UFT Suzanne Zielinski I3 %, MITBUEAKERESHI & v & —BE
REAEILFB LI 3 AR/ OBERMEH £ L, T L TR#0EER LTS,
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