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Tentative Minimum Standards for Bottom Sediment Quality Based on the
Water Purification Function of the Macrobenthic Community
—A Model Study Conducted in the Shallow Areas of Mikawa Bay—

Teruaki Suzuxr', Hiroaki AovyaMa', Toru Nakao? and Kazumasa IMAO?

For fisheries activities to continue in bay areas of Japan, it is currently thought that it is desirable for bottom sediments
to have less than 20 mg of COD (dry) g~". It is considered necessary to keep COD at or below this level in order to
maintain the dissolved oxygen concentration, in the lower layer, at more than 3ml 17' . Bottom sediments with organic
pollution over this value can become a target for improvement works, such as dredging or sand mounding. However, the
relationship between COD and the DO concentration in the lower layer is not clear, because it changes not only with
DO consumption in the organically polluted sediment but also with the DO budget which is controlled by many ele-
ments, such as DO supply from outside the bay area and DO consumption by suspended organic matter. Thus, in this
study, we paid attention to the importance of the macrobenthic community in the shallow areas which functionally pre-
vents red tides and subsequent hypoxia We defined the minimum standard for sediment quality as the concentration
above which the removal capacity of particulate organic matter from the water column by the impoverished macroben-
thic community decreases. The bottom sediment quality and macrobenthic communities were sampled at every one
meter depth between DL Om and —5 m in nine shallow areas of Mikawa Bay in June and August 1998. From those re-
sults, the minimum standard of sediment quality required for the removal of particulate organic matter was estimated at
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5% of IL, 1 mg dry g™' of TN and 10 mg dry g~' of COD, respectively.

Key words: macrobenthos, sediment quality, dissolved oxygen, Mikawa Bay
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Figure 1. Location of the nine sampling transect lines in
Mikawa Bay. Six sampling points were set up at 0m, —1m,
—2m, —3m, —4m, —5m depths, below the chart datum
level along each transect.
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Table 1. The conversion factors from wet weight of macroben-
thos to nitrogen content measured by CHN analizer. The
numbers in parentheses are estimated from the measured val-
ues in the similar species.

Conversion factor
from wet wt. to

Phylum Class Species nitrogen (gN/g wet)
CNIDARIA ANTHOZOA Actiniaria spp. 0.0161
Others (0.0161)
TENTACULATA (0.0106)
MOLLUSCA GASTROPODA Lunella coronata coreenis 0.0053
Crepidula onyx 0.0033
Reticunassa festiva 0.0043
Philine argentata 0.0097
Others (0.0043 )
BIVALVIA Scapharca subcrenata 0.0054
Mytilus galloprovincialis 0.0030
Musculista senhousia 0.0047
Futvia mutica 0.0034
Ruditapes philippinarum 0.0045
Mactra chinensis 0.0048
Theora fragilis 0.0038
Nitidotellina nitidula 0.0061
Macoma incongrua 0.0049
Others (0.0045)
POLYPLACOPHORA (0.0045 )
ECHIURA (0.0106 )
ANNELIDA POLYCHAETA Sigambra sp. 0.0068
Neanthes succinea 0.0136
Nephtys polybranchia 0.0087
Glycera sp. 0.0114
Diopatra sugokai 0.0131
Lumbrineris longifolia 0.0132
Paraprionospio sp. Form A 0.0086
Cirriformia rentaculata 0.0134
Arenicola brasiliensis 0.0045
Owenia fusiformis 0.0124
Lagis bocki 0.0110
Others (0.0106 )
ARCHIANNELIDA (0.0106 )
ARTHROPODA CRUSTACEA Diogenes nitidimanus 0.0160
Eucrate crenata 0.0146
Others (0.0153 )
ECHINODERMATA ASTEROIDEA Luidia quinaria 0.0113
Astrias amurensis 0.0106
Others (0.0110 )
OPHIUROIDEA Amphioplus japonicus 0.0060
Ophiothrix sp. 0.0074
Others 0.0067)
ECHINOIDEA, HOLOTHUROIDEA 0.0088 )
PLATYHELMINTHES, NEMERTINEA, SIPUNCULA, CHORDATA (0.0110)

Wet weight includes skeleton.
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Figure 2. The relationship between the sand portion of the sediment (0.075 mm-2mm) (given as a percentage) and
the portion of mud (0.075 mm>) (also a percentage) along each sampling transect. The left figure shows the per-
centages for June 1998 and the right one shows them for August 1998.
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Figure 3. The relationships between the mud portion of the sed-
iment (0.075 mm>) (%) and IL (%), TOC (mgdryg™") and
TN (mgdry g"). The figures on the left side show the results
for June 1998, and those on the right show the results for Au-
gust 1998.
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Figure 4. The relationships between the mud portion of the sed-
iment (0.075mm>>) (%) and the C/N ratios in weight for
June (left) and August (right), 1998.
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Figure 5. Mud portion of sediment (0.075 mm>) (%), IL (%),
TOC (mgdryg™"), TN (mgdry g™'), pheopigment (ug dry g™")
and C/N ratio in weight at every depth of transect L. 6, ob-
served in June 1998. ‘
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Table 2. The thirty most abundant species of macrobenthos col-
lected in June and August, 1998. (Values in Table 1 (a) and 1
(b) are the average of 54 stations expressed as individuals
m~? and gNm™?, respectively. Feeding type: SF=suspension
feeder; SD=surface deposit feeder; SSD=subsurface deposit
feeder; S=scavenger, C=carnivore; H=herbivore; U=un-
known)

Unit: Inds/ni

(a) No. Scientific name Feeding type  Max  Average (%)
| Musculista senhousia SF 32,495 1,167 30.9
2 Mytilus galloprovincialis SF 62,933 585 15.5
3 Paraprionospio sp. Form A SF 8,905 382 10.1
4 Corophium sp. SF 8,113 227 6.0
5 Ruditapes philippinarum SF 1,991 160 4.2
6 Lumbrineris longifolia SSD 1416 102 2.7
7 Sigambra sp. SSD 1,783 95 235
8 Theora fragilis SD 1,374 83 22
9 Nephtys polybranchia C 515 46 12
10 Amphioplus japonicus SD 2,341 44 1.2
L1 Neanthes succinea SD 1,191 38 1.0
12 Reticunassa festiva S 541 38 1.0
13 Harmothoe sp. C 700 35 0.9
14 Diopatra bilobata SD 616 31 0.8
15 Crepidula onyx SF 383 29 0.8
16  Actiniaria C 433 28 0.7
17 Ischnochitonidae SD 908 27 0.7
18 Polycladida C 816 27 0.7
19 Cirriformia tentaculata Sb 525 27 0.7
20 NEMERTINEA C 300 25 0.7
21 Owenia fusiformis SD 292 25 0.7
22 Hiatella orientalis SF 2341 23 0.6
23 Nectoneanthes latipoda SD 350 20 0.5
24 Eunice indica SD 292 20 0.5
25 Spiophanes bombyx SD 916 18 05
26 Raeta pulchellus SF 833 18 0.5
27 Scapharca subcrenata SF 666 18 0.5
28 Ceratonereis erythraeensis SD 708 17 0.5
29 Mediomastus sp. SSD 317 17 04
30 Phoronis sp. SF 317 17 04
Unit; gN/ni
(b) No. Scientific name Feeding type  Max  Average (%)

1 Musculista senhousia SF 24.98 0.94 354
2 Ruditapes philippinarum SF 21.19 0.48 18.0
3 Scapharca subcrenata SF 4.68 0.20 7.6
4 Luidia quinaria C 3.36 0.14 5.4
3 Anthopleura kurogane C 1.32 0.08 30
6 Mactra chinensis SF 3.08 0.06 22
7 Mytilus galloprovincialis SF 6.04 0.06 21
8 Temnoplewrus toreumaticus U 2.23 0.06 2.1
9 Macoma incongrua SD 1.19 0.05 1.7
10 Actiniaria C 0.83 0.04 1.6
11 Reticunassa festiva S 0.83 0.04 1.4
12 Paraprionospio sp. Form A SF 0.58 0.03 12
13 Diopatra bilobata SD 1.02 0.03 1.1
14 Scapharca broughtonii SF 3.00 0.03 1.1
15 Neverita didyma C 2.16 0.03 1.0
16 Eucrate crenata C 0.90 0.02 0.9
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Figure 6. The standing stocks of macrobenthos (gN m™) and the removal rate of particulate organic nitrogen (PON)
(mgNm™ day~") at every depth of the nine observation lines (L.1-L.9). (The remarks box gives the feeding types
of macrobenthos viz: : SF=suspension feeder; SD=surface deposit feeder; SSD=subsurface deposit feeder;

C=carnivore)
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Figure 7. The relationships between the removal rates of partic-
ulate organic nitrogen (expressed as PONrm mgm ™ day ™)
and IL (%), TN (mgdry g™'), COD (mg dry g™'} concentra-
tions, respectively.

TN=0.087XCOD+0.196 (r=0.878; n=105) 2)

Fig. 7TORERERYIRERE L coD L OB E R &,
6 A DFAEMR TIE, AHREEDERHEHEEILCOD A 10mg
deyg 'DITFThAWERREAT, SAOREHKRTE 15
mg g DT ER->TWNS, E- T, IREAHERERYSRE
BEEAEH T 57201213 COD20mgdry g~ &4y 5 BT BLHE
BREABIIBNTCEIETES ERbh 3,

ZhoDRER, S, ZIBIZE W CHBES R e
MEBH N BRERUEDL, ILT5%, TNT Imgdryg™',
CODT10mgdry g™ TH 5 Z LS Il - 7=, 4IEIH
FEET-54FEHAOPT, 6 ARS8 AIZIL 285% % itk
Z AW, FhEFNN20%, 15%, TNA Imgdry g™ %
A BRI, ZhEFN2%, 31%, CODA 10mg dry
g EMA AR, ThThN2%, 4% RohiZ L
25, KE-s5mED ZAERERICBNT, BEko
W IEER & MW ICHER 2 720 b A O BRI
R T20% %A 2 D LHEHIE D, Sk I ho Kk

ERAMISWE L2 LT, WIS A v ERPL, ZHEH
B 2 IR ESCE MR A L DR L, 20
WIS L A KEWE R A EEMICIUET 2 0 HH B &
EITHD.,

E

Z DRI B HIR B 3K BE S AR BEAR B R 12 & B -V i
HBEREOERO—HEFMD LD 2EDTHY, R
IZBE R U 7= L BE RS R B RIASET IR A D 5 4 127 < RGH
T ELEIT, KREMAKILEIZB T2 HE A BRI L
TIHW: (1) BAKEEFREEEHRS HHFEFHERIZS
REH4 5.

IR
SRR RE GRS (1994) W62 + 6341 =i VSHRIBAHAT, Sk
FRAFZEERE C-97, 54 pp.

FROLEEYS (1988) BEAE LMD XD & Al pl, S BRIz &
2 L RRE & S s B B 2T, IRk pE R Bl 2 i
&, pp. 82-102.

Alpine, A. E. and I. E. Cloern (1992) Trophic interactions and direct phys-
ical effects control phytoplankton biomass and production in an estu-
ary. Limnol. Oceanogr., 37, 946-955.

FIULFESE - SiRREN (1996) TR O KB HLF%aED 2 B0 ETAL, 550

LOKBERBUIR I FEfs , 3, 17-28.

LR - BRI (1997) T LIk~ s o~y b ZHHEIC
& B H AR B PIR £ O BUS Il K BEMFREEZE, 61, 265
274.

Carlson, D. J., D. W. Townsend, A. L. Hilyard, and J. F. Eaton (1984) Effect
of an intertidal mudflat on plankton of the overlying water column.
Can. J. Fish. Aquat. Sci., 41, 1523-1528.

Cloern, I. E. (1982) Does the benthos control the phytoplankton in South
San Francisco Bay? Mar. Ecol. Prog. Ser., 9, 191-202.

Cohen, R. R., P. V. Dresler, E. I. P. Phillips and R. L. Cory (1984) The ef-
fect of the Asiatic clam Corbicula fluminea on phytoplankton of the
Potomac River, Maryland. Limnol. Oceanogr., 29, 170-180.

Fauchald, K. and P. A. Jumars (1979) The diet of worms, a study of poly-
chaete feeding guides. Oceanogr. Mar. Biol. Ann. Rev., 17, 193-284

JRERSK (1996) “FEBEEA Lm0 51 B8 ke, FTIERE, 28,
166-177.

B BEsk (1997) % B4R O FOf O 23— & BHIO M 4R 1E
(1), MWEEAN, 19, 442-446.

Hillebrand, H. and U. Sommer (1999) The nutrient stoichiometry of ben-
thic microalgal growth: Redfield proportions are optimal. Limnol.
Oceanogr., 44, 440-446.

PRI - AHHRZE T (1976) NV b A DEYIEENE, WEE - NV b
A (CH BEHR) , HHEREIR S, pp. 241-270.

I —HE (1989) IMRHUC I 1 S WL LL1E, IRNRHIENIR / —
k., 27,85-101.

ARRPER - SRS - AR - R B (1990 ALIEEO HHL
REJHZDWT (2), BURBRBUERI A RTSU SER 1991, 141-150.

Kogure, K. and I. Koike (1987) Particle counter determination of bacterial
biomass in seawater. App. Env. Microbiol., 83, 274-277.

SO OBE - REARISE - LB 3R (1980a) ALFEONI%E (D, TK
BIEFE, 17 (191), 38-56.

BEIE O - RRARISE - BB AR (1980a) AL TEOE (4), Tk
WlhERE, 17 (193), 38-40.

Myers, R.E. (1967) Osmoregulation in Pangrelius redivivus and dphe-
lenchus avanae. Nematologica, 12, 579.

92—



T AN b AL BACE LR F R LR

BB ST (1994) RIS B 1 B B LA RE D B
KRR EFE, 17, 158-166.
22X (1990) MRAEHITE#T (KGUT), 428 pp.
H A azﬂlﬂ:JWr[ﬁi, (1988) AT E A ke 7
BEFF R 2 JE A BUE AN
B A i I R 22 (1995) /J\;LHM\J't‘tf (1995 1) , 68 pp.
Officer, C.B., T. Smayda and R. Mann (1982) Benthic filter feeding: a nat-
ural eutrophication control. Mar. Ecol. Prog. Ser., 9, 203-210.
e % KTi2 (1989) TEIROWE I, R MEnrsE s — -,
172-190.
Stoecker, D.K. and N.K. Sanders (1985) Differential grazing by Acartia
tonsa on a dinoflagellate and a tintinnid. J. Plankton Res., 7, 85-10.
Suzuki, T. and Y. Matsukawa (1987) Hydrography and budget of dissolved
total nitrogen and dissolved oxygen in the stratified season in Mikawa
bay, Japan, J. Oceanogr. Soc. Japan, 43, 37-48.
ﬁ%?k?ﬁﬁ"ﬂ CHEIESR - M AT (1996) TUEIZ B B A RO %
. HEPIEERIC LB IREHEIE, AKEEE LY — 2110, [HEHE
LI i1, pp.109-134.
FRAKERT - SFEAVE (1997) B

Dfidt, B

{LHHRIZ 35 1) 2 RIRSORBLO K

32 —v 3 Ytk B3HBlE TENSEEHRORE —FF
Bl Tz BT A BIETSE—, I Adv. Mar. Sci. Tech. Soci,, 3,
81-102.

mE

FARHERT - HILAE SR - M 28T (1997) TEEEREFLICL B
RIEROE BAL — =R — BT EICH T 395 — 1. Adv. Mar.
Sci. Tech. Soci., 2, 63-80.

AR - 'i’]‘lllfﬁ)% LFWJZJT{‘:‘ fﬂ] T (1998a) HEL sk
128 BIEAEYRHERE OB A RIR— AR R O B HN

B IR ER ;ET)H K BT —, 1 Adv. Mar. Sci.

Tech. Soci., 4, 65-80.

FHACHEI 5 - SREAIE (1998b) K@D ,u’.f&mft
A H&«UJ/"{U BOE§ 28, oz

223-236.

I (1998) FERIERBRET D HE1E & Jeig
T )Y AT 4, pp. 836-840.

RS (1990) BEAE A Py AT TR & TR EREE, [EEAE A
pp. 69-78.

Uye, S. (1982) Length-weight relationships of important zooplankton from
the [nland sea of Japan. J. Oceanogr. Soc. Jap., 38, 149-158.

B (1992) MEMEME KRB WM T 7 v o v EBLE 28

GBI 2 (D WIEO MM (RED , HANRY | 24

., 42,29-38.

RIEA - iR il (1996) MFEEHERU h DEAEHR R - BRSO
72 OB EIZ D0 T, I Adv. Mar. Sci. Tech. Soci., 2,
105-110.

NREOBEE, v

ik

93—





