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Estimation of Bottom Fluxes of Several Nutrients in Harima Nada,
the Seto Inland Sea of Japan

Takashi Kamiyama, Mutsumi Tsujino and Kyoichi Tamai

Nutrient fluxes from sediments in researched areas of Harima Nada, the Seto Inland Sea of Japan,
were determined in terms of the change of nutrient concentrations in supernatant seawater on incubated
sediments. Fluxes of DIN (dissolved inorganic nitrogen = NH,;-N + NOs;-N + NO,-N) and PO,-P were
3.0~64.8mg-m>day”’ and—1.2 ~ 10.4 mg - m>day ™', respectively. High fluxes of the nutrients were
recorded both in the northern part where it is shallow in depth and rich in organic matters in surface
sediments and in the northeast part where it is poor in organic matters in surface sediments but abundant
in macrobenthos. The flux of SiO,-Si ranged from 137 to 262 mg - m™ - day™', and was high in the
northern and central parts where high concentrations of biogenic silica were recorded in sediments.
Nutrient load due to regeneration from the sediment in whole Harima Nada based on the fluxes mea-
sured in this study was estimated to be 59 ton - day™ for nitrogen, 5 ton - day ™' for phosphorus and 586
ton - day™ for silica. In the summer studies the regeneration of nitrogen and phosphorus from sedi-
ments corresponded to 82% and 79% of the nutrient inflow from lands, respectively and silicate regen-
eration from sediments was equivalent to 2.5 times of the inflow from lands, indicating that nutrient

regeneration from sediments contributes to large amount of nutrient inputs into seawater in Harima

Nada .

Key words: benthic flux, environmental conditions, nutrient load, nutrient regeneration, sediment

characteristics, Harima Nada
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Fig. 1. The sampling locations in Harima Nada, the Seto
Inland Sea of Japan. @ ! Stations where nutrient

fluxes from sediments were determined.
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» Measure nutrient
concentrations in seawater

Sample supernatant

Fill in the space above the
seawater with N2 gas
Shut off valves to stop gas

exchange in the core.

Schematic diagram of the core incubation experiment to measure nutrient fluxes from marine sediments.
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Fig.3. Distribution of nutrient concentrations at 1 m above
the bottom (B-1m layer) in July 1992. H: high-
concentration areas; L.: low-concentration areas.
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Table 1. Water depth and environmental characteristics of sediments in Harima Nada

Station Depth Ignitionloss Total organic  Total nitrogen Carbon: Nitrogen Biogenic silica ~ Mud content*

(IL) carbon (TOC) (TN) ratio (C/N) (B-Si) (MUD)

(m) (%) (mg - g™ (mg-g™) (mg-g™) (mg- g™ (%)

1 45 9.2 11.48 1.43 8.04 24.5 96.9
4 41 12.0 13.63 1.78 7.66 27.7 96.2
6 40 13.3 17.83 2.40 7.44 384 97.5
8 41 8.3 10.01 1.27 7.88 19.0 56.1
10 42 10.3 15.86 2.08 7.63 30.9 97.1
12 37 9.2 13.22 1.65 8.03 243 92.8
13 28 4.0 3.71 0.56 6.62 38 18.4
14 39 5.8 8.79 1.12 7.82 11.0 63.8
16 36 12.8 18.15 2.29 7.93 312 79.9
17 40 10.5 14.65 1.89 7.77 245 96.0
21 31 11.6 17.53 2.20 7.95 26.3 975
23 34 9.3 12.61 1.66 7.58 17.3 81.9
24 33 5.3 6.03 0.71 8.46 92 24.1
25 23 53 4.55 0.59 7.78 4.9 18.6
26 24 4.4 3.42 0.47 7.32 5.4 233
27 18 39 5.21 0.66 7.90 8.2 24.3
28 23 12.9 16.44 1.97 8.33 28.8 93.7
30 20 123 17.28 2.16 7.99 33.1 973
33 11 10.2 12.99 1.56 8.34 18.6 84.7
34 27 4.4 3.44 047 7.40 6.7 18.6

* Finer than 63 ym in diameter

40" 40'
38° 340
30' 30’
20' 20"
o LT-N(mg/g) - B-Si(mg/q)
20° 134°30" a0’ 50 20 134°30° 20" 50'

Fig. 4. Distribution of total nitrogen (TN) and biogenic silica (B-Si) in surface sediments in July 1992.
H: high-concentration areas; L: low-concentration areas.

D PO,-P %l X EAQRFH & 3izmL 72, RAE day™, Si0,-Si T 137~262 mg - m™ - day™ DHiH
FIZBT 5 ¥EEHEEDH#EILDIN T3.0~64.8 THYH, LEIRAEE (St 28,30) TiXEDIEHE
mg - m? - day’, PO,P T —12~104 mg-m~- bEWEMIZH 072, T2, HBEEERIZTWILE
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dE (Stn. 24, 25,26) 2B WT b DIN & PO,-P
TEWESAO LN (Fig.5),
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Fig. 5. Nutrient fluxes from sediment in Harima Nada in

July 1992.

position on each plate.

The scales are indicated at right-low

BEMIRN D S ORBIRFEHIC &L 5/HKEE
ANOFE EEREHE (KE, IL, TOC, TN,
C/N, B-Si, MUD) O#R% & L ITHBERED S
BT DEBRIINELT - 78R, HFREBOE
BIIEBYEB L UOKEEFNENEBEL TS
BB ERSEE 2 ERTICE o TKERS (88
%) HHEENLZ LW o7z (Table 2), %
BIBITEZO2O00FWTAIT & XY #iC
EoTHAREHE (Fig. 6), FOHOEED

Table 2. Factor loading, eigenvalue and percentage
contribution from principal component
analysis on 20 data sets of water depth and
environmental factors. Each parameter as
in Table 1

Factor loading
Parameter Z, Z, Zs
Depth 0.169 0.710 0.666
1L 0.433 -0.056 -0.170
TOC 0.439 —0.048 -0.125
TN 0.438 0.021 -0.162
C/N 0.140 -0.697 0.691
B-si 0.434 0.053 -0.086
MUD 0.426 0.028 0.016
Eigenvalue (1) 5.048 1.138 0.630
Contribution % 0.720 0.163 0.090
Cumulative % 0.720 0.884 0.974
2
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Fig. 6. Relationships of station scores between the first
principal component (Z,) and the second principal
component (Z,). The roman numerals (I~ V) in-
dicate association area classified from distribution
pattern.



BERERKICBT 5 RBEREN 39

BEAFLorZ Lillo THEBHEHY SOD
WHRICX S L7 (Fg7). #OfE, X4 1k
EDRRPELEBYEI L VBRI SEE
DFFEE, R4 1HRKEF R FBOEISV
EREEE o7z, 72, BOMIZILTD
FRIMAHEEZRF - -AEOBRINET 5
B, X4 NVIZAEEYEI D% KRR Rk
B, Ko VEZKEFRARYEND2VEL
HEOWEEAS L e o7z, 512, 4RIOE
BRERL b LIRS EBICE T 5B LA
ExEW L7 (Table. 3), DIN & PO,-P DHFH
HEEIXSITb> & bE<, LTV, VOIR
T A2Y, 1T, ITRLEWEEL 272, SO
SiDHEHBEBELR ST THRIFL kol

EXGEBROBEFERBHIZBT S DIN, PO,-P
BLU SiOSi ® 1 HH7-h OBFHAMNE,
Fh#FN 7.7~22.5 ton - day”, —0.1~3.1 ton -

Z'D' 134"30' 40° 50°'

Fig. 7. Association areas in Harima Nada, classified from
distribution pattern in Fig. 6.

day’ BL U 75~168 ton - day™ & %2 V), BB
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4)o
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Table 3. Environmental characteristics classified by principal components (Z, and Z,) and mean benthic

fluxes in each area

Environmental characteristics

Mean benthic fluxes

Area  Station Z, DIN PO,-P Si0,-Si
(organic mater) (depth) (mg -m” - day™)
I 4,6,10,12,16,17,21 + 9.1 0.3 199
11 28, 30,33 + 51.6 7.2 250
It 1,8,14,23 + 9.3 -0.1 167
v 13,26, 34 - 19.6 1.3 167
\" 24, 25,27 243 1.2 182

Indicators in environmental characteristics are defined from scores of the first and second principal compo-
nents: () Z, = 1; (B -1<Z, =1, ()2, <-1;(8)Z, 2 05;(D)Z,<-0.5
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Tabled4. Nutrient load due to benthic flux in summer

Harima Nada
Area Mean depth DIN PO,-P Si0,-Si
(km?) (m) (ton - day™)

I 844 38 7.7 0.3 168
I 435 18 22.5 3.1 109
m 857 40 79 -0.1 143
v 448 26 8.8 0.6 75
v 501 25 12.2 0.6 91

Total 3085 59.1 4.6 586
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