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The Distribution and Fate of Nutrients in Sagami Bay

Akiyoshi Kamatani,*? Osamu Oku,*2 Hisae Tsuji,*?
Masaru Maeda,*2 and Yoshiaki Yamada*3

The distribution and seasonal change of phosphate, silicic acid and nitrate of Sagami Bay were
studied from 1993 to 1994. The concentrations and the ratios of these three components in the
waters located below the sub-surface layer were shown to be quite similar as those observed 15 years
ago. This finding could be ascribed to the fact that the nutrients caused by the increasing coastal eu-
trophication to date are quickly washed out into the open ocean by the presence of a fairly strong cur-
rent: the residence time of the waters in this bay being short. The nutrients in the euphotic zone
were often depressed to less than the limiting level for phytoplankton growth when the seasonal ther-
mocline set over. The potential importance of silicon for diatom growth was essentially sustained by
the upwelling of silicic acid enriched sub-surface waters and/or by the river waters. It was thus con-
cluded that the nutrient environments in Sagami Bay are still favorable for the maintenance of dia-

tom ecosystems.
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Fig. 1. Sampling stations locations (Stn. 3,919,
23 and 31) in Sagami Bay, and the bathymetric
contours are drawn at 500 m intervals.
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Fig. 2. Seasonal changes of temperature and salin-
ity in the surface water (0-250 m depth) at
Stn. 19.
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Fig. 3. A typical vertical profiles of temperature,
dissolved oxygen, salinity and o, at Stn. 31 in
May 1993.

BAM LT LIESREREICHEML, KR (~
2000 m) T 34.6 psu &75- Cnw5b (Fig. 3), EHM
FOWREITHEBATHMEVA, FEEK (100~800
m) TR & A KBEOE M EBICED LT
WX, 1000 m £ CE/ME (DO=~1.0ml/l) %Rl
T, S BICEEL 725 LBARREEECHITHEML,
2000 m fHECH L4 ml/l Lix->Tn5b (Fig. 3).

3. EBMEOHN HMEBIHEEROE (Fig. D
THY, hEVICIERCE R RO BE D G RICH
Mo THRATNWSDT, EROEBKITIOHNZH <
R LTS L Wb T 5,102 COREIREOED)
MEFF) BEMETH Y, TEROWTICH > TERICHA
+ 5 BEKOWE &1L O « FEick & LB’ L
L, BicilamBigrsisRc sl eprambn Ty
5013)

EEREN O Z LT ERE AN OIEKOTA L EKD
WHICLEELPRITT I LICRS, F, HRBOERB

w6 s ) || EAEFF « AGEMGER CPRS 0 . o)1 R T kEaR, @2 BT A  BUI - BE)IWUR T AEMR

TR (PR 5 FRE).

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

KO—FRL =¥ BT % B> TEEOFRIO T
IR > T2, EDIRA ) DEEE & & 7= B
OEE) (BEE: - 2R cXRah, Flds, COBT
REEBEGBNI» O LB IONTWS,

4. ERBMEORN OWBOEBREREE < 0%
hid, BEFS 7108 - TEA LT 23k ErEREA
DEBITHEIN TV B LEZ LN TS, § 2 1THEE
FHATICRE S MR OB & BT L7510 L h
W PO TENCPR OBV N ARSI N, BATGEIT
~45em/s ICHEL TV BEY, —F, HGIEEEYOLR

B OXEEER 73
Phosphate (uM)
1 2 3
(L } } } j
Nitrate (uM)
0 10 20 30 40 50
b— | } } } ~
Silicic acid (uM)
0 50 100 150 200
0 } | |
L ‘.':":’""O)..,,.m
s\\‘\~\ \:”"\-..k\\
KX -.o,.'\
500 |- R ",

TR, 55 VEEEY R Z OREICER LT\ 544
DEB L PEAE 2 HHEE L FHM R ihit 5~15
cm/s LINTVB,D ChEO[M 55T, FHEE
DERHEOKIIAL T2 VEE TBE LT\ 50T,
BRI R VWb LS h 5,

REEFO SN

L SEST REEROBESFHONEN LT
Fig. 4 IR L7z, WHhoOXsEEoRE L EBCRE L,
KEPENT BITONTHEL > T B, U VEE & RS
(& 0~700 m £ 31 2 TOWIMITE L8, 1200~
1400 m ARE TIZIEBAMBICE L TV 5, & OEABH
WADYU /ERIZ3uM T, BB TIZ 45uM & 75 » T 5,
ZOBIVFTHOREITHD L, EBHE (~2000m)
TYUVERIZ 2.7 uM, WEEIT 42 M BEICZ > T W5,
=73, A Bt 0~1000 m 3T 20 CaBic #ehn L
ZTOREIZ 10uM BEICE LTS, FOBLWPL D
PIEEMER MY, B ASE T 160 uM BEEIC T -
W5,

FEEHOFHEBOEIL FNOBASIC BT h
BETNSL, RBOBXRBTIRAE -, HXBA
TOEBMEL, &V LD LBEMIC BT VEEC
Bolee TORAIZ, HEICHNTRRR TSRS
AT PRI DOTA DB L A MiERIC & 3 4
DTB-ILFEZOND, BB IOFHEMIZONTILHET
EBY4 7,

2. WEALSEOBRSEOLE BEELKIC%
SOBBIRERT, LrdEBHSEBICHFCORE
PRRBEPFER BREAL) KL THbATHS
(1978 £ 11 A6 12 §)*S, & DMEBEO Tk IE
1000 m KR SBAIBPTHH T B0 4 BIATH S,
COBRER L, B2 OSEOBAF— % — 4|,
CORICHEBEOXERIB BN E L TETW S MY
IWEBRFLTARBLI LT L7,

' P-N, P-Si RUN-Si OBitR% 7 57 Fic 7o
v I (Fig. 5A-C) L, HEDOBIFHEH» & 338 i 0 55 ks

:E: \\\\ H X 7
= 1000 |- e o ]
: Vi
= ¥ &
2 \ \\ i
L * ]

1500 |- } _

X f
2000 |- Pasiy J N ]

Fig. 4. A typical vertical profiles of concentra-
tions of nutrients (NO;: open sqares, PO}":
open circles, Si{OH) 4 closed circles) at Stn. 31
in May 1993.
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Fig. 5. Nutrient molar ratios for the samples from Sagami Bay and North Pacific Ocean.

A: NO; vs PO}, B: Si(OH), vs PO%, C: Si(OH), vs NO;j . Solid triangle: Sagami Bay (1993-1994),
cross: Sagami Bay (Nov-Dec 1978), open circle : North Pacific (30-50°N, 17°E, May 1969). The relation-
ship between nitrate and phosphate concentrations is given as: Sagami Bay (1993-1994); [N =14.52[P]
—0.64 (#=0.9975, n=426), Sagami Bay (1978); [N]=14.29[P]+1.07 (r=0.9975, n=164), North Pacific
Ocean (1969): [N]=13.25[P]—4.11 (»=0.9949,n =206). The ratios of silicic acid to phosphate and of silic-
ic acid to nitrate increase exponentially with increasing depth. i.e. In Sagami Bay, the Si-P ratios are less
than 10 in the surface water (P<0.5 uM), about 25 for the intermediate waters (P =about 2 uMm), and 45 for

the deep waters (P=about 3 uM).
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* Preliminary report of the Hakuhou Maru cruse KH-69-4 (IBP cruse), Ocean Res. Inst., University of Tokyo, 1970.
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Fig. 6. Contours of nutrient concentrations in
unit of M in the upper 250 m at Stn. 19 in Saga-
mi Bay.
Nitrate (upper), phosphate (middle) and si-
licic acid (lower).
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Fig. 7. Nutrients as a function of temperature for
the samples in the upper 250 m from Sagami
Bay.

For the statistical calculations, the points
scattering over 21°C, corresponding to the sur-
face waters (0 m) at summer season, Were
omitted because the origin was not from the
subsurface water, but from the river waters
supplying in this Bay.
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Fig. 8. Scatter diagrams of nutrient molar ratios in the samples from Sagami Bay.
Closed symbols represent the samples collected from Dec. to Apr. (vertical mixing periods). Open sym-

bols represent the samples collected from May to Nov. This figure illustrates that deficiency of nitrate and/

or phosphate is in preference to silicic acid in the euphotic zone.

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

78 gher, B, o, ATH, WWE

Tp BB W g S, RBAFEEL TWD EEEDOIREMN
FRIEX N B DT, AR INLEERD 60~80% BAX
BARTERLHICER TS, 0 L5 b, Bl
BIZ\\CTh, KBHREL, EBRREL TCWSEIC
EAERE SNCHERBROEM L ERAOBFIA &V - 21F
BAERPLY VEABICHEVWEE THETLTWA LD L
Bbhn, Chichzxe < Wl»rbEEDr 4 FAHEE
BEBAKPICEH I TV, SHIKEERICE-TTF
B LEEIhAKBICYy 4 ZHRBBICHAET HEED
AR OFREEEDOEMOH THRRCE/H DY TH 5,
C DK DT REEGMA, HEE T A FREMCERD
HIEOHRRT & 72 A B £ CERT LI WIRREICH
ABB LI ThAHE LWV KD,

D& ABRBOXRBIERO S KM, HEEOM
BT TR AEZERVICLAFNICI AL, kdikb
X, BLMOFPEERERIIERVPRE LB Y A 5
BEICHFETA L, COBREDT A BAFIHE L CRIRRE
TR L, £ ERALMBFRICARL THR78)0 5
THb,

HEEIIBEE T 2 RSN TE R B (Lo L2
OB HEP S RE NIV, BIOWER TiENk D
ORETREEOWENPELTWAD, TOBETLY
A RIIHEHAMICBETH S, Lch-> THEBOIER
B3, EBROMOMER « RESCICERERROEFRIC
S UTHHFHELRBICH S L W2 5,

= ¥

1) MEBCERE ST, REEE (VB
UV, TEER) OSRE S & FEEIAEBNIC OV T 1993
76 1994 FIT /T THE L,

2) FELEOMAEOBHEFXTAILLEIAH, —
DOEHE (N-P) 5 \WiddhE (Si-P, Si-N) <EF
T&, INHOBMREREOER (15 F51) LK
LCALETH, WTNOTLREEHM S /R
BT E{—HLTWe, SO Lid, BROKDEE
BAE L, RO LICHET 50 LS
hrz,

3 UV VEBRUMBOBAMIIERENE (~1.0
ml/l) ORRLTHICMLE T A4 (1200~1400 m) i<
FEL, BEIZAZFN30uM L 45uMBETEH -
2o —H, TABOBXMEIIFRB TR ER (2000
m) IZHEEL, ZOBEIL 156 uM [T L T,

4) REARELTCWLAIBHOFRBROIEER
BER, W75V 7 P VOBBEORIRET & U<
FCIET 452 &b LIELITERIS WA, EREED
HWREIZ L » CRAR T ABPMLOXETR LD bE LS
KTFTA5ZLIIRBOONEN oo, L THEICE

W, MEBIEERAERER AR T 51008 LSRR
B Cdb 5 T L b T2,

E:} E33

RHEHIC L LBRORRERER LWL TT S oK
AT T B MUK B R L %9, TF%R
DR 5 2 TF S » LR FURERF B EREAE
B, BANCIH I L T W UKEREDOFER
FHRDT «, WEACFIIREOERICE il Lk
FEd,

X 53

1) A.Kamatani, N. Ogura, N. Nakamoto, M. Funakoshi, and
S. Iwata: Distribution of nutrients in Sagami Bay during
1971-1973. Nippon Suisan Gakkaishi, 47, 1493-1498
(1981).

2) C.B.Officer and J. H. Ryther: The possible importance of
silicon in marine eutrophication. Mar. Ecol. Prog. Ser., 3,
83-91 (1980).

3) D. Justic, N. N. Rabalais, R. E. Turner, and Q. Dortch:
Changes in nutrient structure of river-dominated coastal
waters: stoichiometric nutrient balance and its conse-
quences. Estuar. cstl. Shelf Sci., 40, 339-356 (1995).

4) D. V. Nelson, P. Tréguer, M. A. Brzezinski, A. Laynaert,
and B. Queguiner: Production and dissolution of biogenic
silica in the ocean: Revised global estimates, comparison
with regional data and relationship to biogenic sedimenta-
tion. Global Biogeochem. Cycles, 9, 359-372 (1995).

5) A. C. Redfield, B. H. Ketchum, and F. A. Richards: The
influence of organisms on the composition of sea water, in
“The Sea” Vol. 2 (ed. by M. N. Hill), John Wiley, New
York, 1963, pp. 26-77.

6) M. A. Brzezinski: The Si:C:N ratio of marine diatoms; in-
terspecific variability and the effect of some environmental
variables. J. Phycol., 21, 347-357 (1985).

7) T. Ishimaru, H. Otobe, T. Saino, H. Hasumoto, and T.
Nakai: OCTOPUS, an octo parameter underwater sensor,
for use in biological oceanography studies. J. Oceanogr. Soc.
Japan, 40, 207-212 (1984).

8) J. D. H. Strickland and T. R. Parsons: A practical hand
book of seawater analysis. Bull. Fish. Res. Bd. Can., 167:
1-311 (1968).

9) F. Koroleff: Determination of phosphorus, in ‘“‘Methods of
seawater analysis’’ (eds. by Grasshoff, K., Ehrhardt, M.
and K. Kremling), Verlag Chemie, Weinheim, 1983, pp.
125-139.

10) K, Sugawara: On the preparation of CSK standards for ma-
rine nutrients analysis. SCOR UNESCO. ICUC, Tokyo,
1969, pp. 28-32.

11) FEEk 750 ] BRI 5HBEBOBRRUESE &
B L OBItR. KERBSBWE, 8, 1-59 (1937).

12) S. Iwata and M. Matsuyama: Surface circulation in Saga-
mi Bay: the response to variations of the Kuroshio axis. J.
Oceanogr. Soc. Japan, 45, 310-320 (1989).

13) AHEZY : BROXSEIC>WT. FRIFAERE, 19,
1-85 (1942).

14) K. Taira and T. Teramoto: Bottom currents in Nankai
trough and Sagami trough. J. Oceanogr. Soc. Japan, 41,
388-398 (1985).

15) T. Nanniti: Deep-sea current measurements. J. Oceanogr.

NI | -El ectronic Library Service



The Japanese

16)

17)

18)

19)

20)

21

22)

23)

Soci ety of Fisheries Science

B OXFIER 79

Soc. Japan, 18, 73-77 (1962).

T. Sasaki S. Watanabe, and G. Oshima: New current
meters for great depths. Deep-Sea Res., 12, 815-824
(1965).

K. Takano and H. Hara: A preliminary analysis of current
meter records. La mer, 8, 205-228 (1970).

M. Kawabe and M. Yoneno: Water and flow variations in
Sagami Bay under the influence of the Kuroshio Path. J.
Oceanogr. Soc. Japan, 43, 283-294 (1987).

HEUE, LHRIK BT S5V P VOSRIC L b
SBELEROE L. HKEE 46, 537-542 (1980).

M. A. Brzezinski and D. M. Nelson: The annual silica cy-
cle in the Sargasso Sea near Bermuda, Deep-Sea Res., part
1, 42, 1215-1237 (1995).

J. A. Hellebust and J. Lewin: Heterotrophic nutrition, in
“The Biology of Diatom’ (ed. by D. Werner), Blackwell
Scienctific Publications, Berkeley, 1977, pp. 169-197.

R. C. Dugdale and F. P. Wilkerson: Silicate regulation of
new production in the equatorial Pacific upwelling. Nature,
319, 270-273 (1998).

A. Kamatani, J. P. Riley, and G. Skillow: The dissolution

24)

25)

26)

27)

28)

29)

of opaline silica of diatom tests in sea water. J. Oceanogr.
Soc. Japan, 36, 201-208 (1980).

A. Kamatani: Dissolution rates of silica from diatoms
decomposing at various temperatures. Mar. Biol., 68, 91-
96 (1982).

D. C. Hurd and S. Birdwhistell: On producing a more
general model for biogenic silica dissolution. Am. J. Sci.,
283, 1-28 (1983).

D. M. Nelson, P. Tréguer, M. A. Brzezinski, A. Leynaert,
and B. Queguiner: Production and dissolution of biogenic
silica in the ocean: rerised grobal estimates, comparison
with regional data and relationship to biogenic sedimenta-
tion. Global Biogeochem. Cycles, 9, 357372 (1995).

0. Oku and A. Kamatani: Resting spore formation and
phosphorus composition of the marine diatom Chaetoceros
pseudocurvisetus under various nutrient conditions. Mar.
Biol. 123, 393-399 (1995).

M. R. McQuoid and L. A. Hobson: Diatom resting stages.
J. Phycol. 32, 889-902 (1996).

F. J. Millero: Chemical Oceanography, 2nd ed., CRC
Press, London, 1996, pp. 281-305.

NI | -El ectronic Library Service



