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Spatial and Temporal Variations of Biophilic Elements in Hiroshima Bay,

Japan, during 1991-2000, with Special Reference to the Deviation of

Phytoplanktonic C: N: P Ratio from the Redfield Ratio
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We described the spatial and temporal variations of biophilic elements (C, N, P and Si) in Hiroshima Bay, the
Seto Inland Sea, Japan, during 1991-2000. There was no year to year trend in chlorophyll @ concentration.
However, depletion of surface dissolved inorganic phosphorus (DIP) in spring and summer in early 1990s was
obvious, often at concentration less than the detection limit, giving extremely high DIN : DIP and DSi: DIP ratios.
The TN : TP ratio in seawater of Hiroshima Bay was low compared to that in the Ohta River water which empties
into the bay, suggesting denitrification process occurs in Hiroshima Bay. In contrast to stable phytoplanktonic-
C: N ratio during this decade, phytoplanktonic-N: P and C: P showed large deviation from the Redfield ratio,
low in the early 1990s, high in 1998, and then equivalent to the Redfield ratios in 2000. The spatial and temporal
variations in these biophilic elements were discussed in relation to the reduction measure of phosphorus and

nitrogen.
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Fig.1 Map showing sampling stations located in and around
Hiroshima Bay, Japan. The bay is divided into north-
ern (Stns.1 and 2) and southern (Stns.3-8) areas, in
addition to outer area (Stns. 9-11).
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SEOEFTELNLTRTOBMEEC OV T
Kendall OEAZHEE 2 5 L 7253 (Campbell, 1983'%), &
XHIZ & CEROEWEHB R DL T RHEEIICHEET
BipolzbDTH D,

3. BRELIUER
3.1 Chla b LUREIRHBEDOEE - £XH
BRI EELC, Chl e \ERHICE L, LITBEWE
MR o (Fig. 2), LEERCOFHEHNIIEET
Hotehd, EHHEBENATRES ug VT THD, &
B3hEh ot tEERORETCREYM S b
DT N—LERTEHWE (>20xg1™) BESHT.
AHERNTY DIP QU 3 BZFIEL, MEF 2 B3LFKR
mL A fERER L (Fig.3), Ffic, HE~TFIIZ
BADOE K ORBEDOERFICE W THRIHESE (0.01 4g

T 2 HEYT R ORI EHNEE,
vy R74

— )V R o OFfedE

—-&--- Surface ---#-- Bottom —#— Average

30 1 3
Northern 5

i
4 l‘

E:

w 107 Southern

g 510 } ‘
5] Outer
0 ,

SSAWSSAWSS AWSS AWSSAWSSAWSSAWSSAWSSAWSSA
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Season
Fig.2 Variations of chlorophyll a concentration in northern
and southern Hiroshima Bay and outer area during 1991
-2000. Surface (0 m), bottom (B-2 m) and water column
average.
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Fig.3 Variations of dissolved inorganic phosphorus (DIP) con-
centration in northern and southern Hiroshima Bay and
outer area during 1991-2000. Surface (0 m), bottom (B
-2 m) and water column average.
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b DIP ¥ EfRiCARED 72 0 FE TR 28 L T
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(Fig. 4). Thidtim 75 > 7 b v D7 v—sEic DIP
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Fig.4 Variations of dissolved inorganic nitrogen (DIN) con-
centration in northern and southern Hiroshima Bay and
outer area during 1991-2000. Surface (0 m), bottom (B
-2 m) and water column average.
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Fig.5 Variations of dissolved silicon (DSi) concentration in
northern and southern Hiroshima Bay and outer area
during 1991-2000. Surface (0 m), bottom (B-2 m) and
water column average.
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Fig.6 Variations of DIN : DIP ratio in northern and southern
Hiroshima Bay and outer area during 1991-2000. Sur-
face (0 m), bottom (B-2 m) and water column average.
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Fig.7 Variations of DSi: DIP ratio in northern and southern
Hiroshima Bay and outer area during 1991-2000. Sur-
face (0 m), bottom (B-2 m) and water column average.
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2o 22T, VOHIBEESTON I Z LI > THE
o DIP BEOETHIHEF I, BEERIIETH
D, BRICBFRY VEROBMEETRTEELE, &
EORZEB T ZNODRA A= XL 2ERTZ 2
Li3REETH B, —F, DIN:DSi iz AKEEHTO
~0.6FREDFHHETEE L, ORI FNEFNDOEED
FHREERRL T, HE~FI/hE L, B~FKick &L
Z3{ERERL: (Fig.8).
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Fig.8 Variations of DIN : DSi ratio in northern and southern
Hiroshima Bay and outer area during 1991-2000. Sur-
face (0 m), bottom (B-2 m) and water column average.
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1934%), DIN : DSi k4516 : 15(Raymont, 1980'?) 3 2
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v K7 4 = FEeh & OFERE

DI WOBDSIiTH2) LHERENS,
3.2 REEXR- IV r0uEDE

HEHPREFR DT RTOF -2 2AWT, {ER BT
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UTPrhic 50 288E) v 0EISE2EH U (Fig. 9).
TN @, TP RE L HIE TR LEL, BicEmd &
{ o Twiz | 72, TN : TP HiddbEs ©21.5, /&
R T22.8, B T24.1TH -1z, ILAEIEH (1996) ¥ »3 &
Lo KANFENASRD TN : TP iz ESRTEZS w0
T, ILEBEXPT TN ORLH 20k TP oEmME5|
RITHS»DOERBPEWTWE Z Lz 3,

TN oA %25 &R THERED 1 5 & UTHEERD
FEiFon s, WA (1996) 231 & & @A D
TN RBE»SRBEL > RILEB XT3 TN A7#133.9
gNm2yr! thz, —f, Kim et al.(1997)953H]
L hEBBERCB 2HEHE X, SHEHIIAEL
bOO, EFEH4ugat Nm2hr ' ¢hbh, Wil TN &

TN TP
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21.9+3.96 1.02 +0.23
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Outer

15.9+3.66 0.66 £0.20

Fig.9 Mean composition of total nitrogen (TN)and total
phosphorus (TP) in Hiroshima Bay and outer area during
1991-2000. PN and PP: particulate nitrogen and phos-
phorus; DIN and DIP: dissolved inorganic nitrogen
and phosphorus; DON and DOP: dissolved organic
nitrogen and phosphorus. Concentrations are in ug at
I-! and proportions in the pies are in 9.
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BEZLER>hTFRIF—ETH -, —F, Phyto-N:
P, Phyto-C: Pi31990FRAT¥ TiAvy F 74—V R
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Fig.10 Variations of phytoplanktonic C: N, N: Pand C: P
ratios estimated from the relashionship between these
elements and chlorophyll a concentration in suspended
particulate matter from Hiroshima Bay (Northern +
Southern). The numbers with dotted lines are the Red-

field ratios (Redfield, 1934%).
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