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The relationship between nutrients and phytoplankton dynamics was investigated daily from 12 April to 22 July
2003 in Sagami Bay, Japan. According to multidimensional scaling (MDS) and cluster analysis, phytoplankton
community was divided into four distinct groups. The first group was consisted of centric diatom species, such as
Guinardia spp., Detonula spp., Letocylindrus danicus, Skeletonema costatum, Eucampia zodiacus and Chaetoceros spp.. The
second and third clusters comprised mainly diatoms and dinoflagellates, respectively. The other cluster was
restricted to the samples collected during the last sampling period when the rainfall and river discharge was
frequently recorded. Canonical correspondence analysis (CCA) was applied to analyze four groups respectively,
which focused on the effects of nutrients concentration and ratio on phytoplankton variations. Based on CCA
analysis, most species of centric diatom were negatively correlated with DSi concentrations and Si/N ratio.
Nutrients were strongly limited phytoplankton growth during the summer when the rainfall was not observed,
whereas river discharge by rainfall and counterclockwise coastal currents (although the surface circulation pattern is
often altered by Kuroshio Current, the counterclockwise coastal currents are generally dominant) has brought
phytoplankton population accumulation and triggered the micoalgae growth in western part of the bay.
Phosphorous (P) was strongly limited after significantly increases in the phytoplankton abundances. However,
silicate (Si) was not a major limiting factor for phytoplankton production, since Si/DIN and Si/P ratio did not create
any potential stoichiometric limitation. This indicates that high Si availability contributes favorably to the
maintenance of diatom ecosystems in Sagami Bay.

Key Words: canonical correspondence analysis (CCA), cluster analysis, MDS (multidimensional scaling), nutrient
ratio, phytoplankton
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Fig. 1. Loaction of study site, Sagami Bay, Japan.

i
il

230 Fo| ol

=

= =1
s} teo] A or AemEda=e] a4 (bloom)=
515
=

Osborn 1997: Satoh etal. 2000). 53] AW e D4 <
FE F=(N, P, si)et 1 74 AEvle AEEdaeEy 5
A3 T F dFS VXA o o' Fo] ojugh
B T=AE oo geteteR e AEEHAE
o] Bt 54 WAYUSES tEsted e Fasttt
(Redfield et al. 1963; Ryther and Dunstan 1971 Fisher et al.
1992; Justicetal. 1995) .

Sagami (A7) The dEAwo] FH HH<
Xata, Ao RE lzu RIS (FH4E), &

W (24P ) 9 Bohso W (b 2 B2 o] 9%
oz 49 e MYy wholth(Fig. 1) . A7t gk &=
Sakawa 7}Z} Sagami 7S W]&3d A1 2 2047 )9
Aoz HE gt Y Ha da, ddde] FRS AAE
o] TR FYE TS )

T (nFFAT)= B8 A FdEe ALY
Q1 Kuroshio (B ©] £557F S o] gike] s, mEgh AL
7H ek FAle) ASgls 519l Oyashio Gl <l F<ie]
el wlz lch(lwata 1985). o] ¢} e B33 S 727}
Kuroshio#|¢] &3 F3} OyashioA| ] W/dFo] H2x
= Uty AES 45 7hssAl & aclem Bad

t}(Hogetsu and Taga 1977; lwata 1985). A}7}v| gty &7

3%
(e}



Baek et al.: Nutrients Concentration and Ratio on Phytoplankton 279

el FolE QRANE Ho] Aol o
o] <ol FslE st Qo] Fahe @A T S
(Ilwata 1985; lwata and Matsuyama 1989) .

ull

AR7pa|REE 5ol A 8¢ Ato] FFE 47t WIS Tty
3, 22 AP AgtE o R s ] dre AE
ZFaEe] dAA3 S48 Fdg)(Satoh et al. 2000). &
3], Fujikietal.(2004) = 242 G99 5] Jdde N
3} Siz] Yol a, PP U] Aghe Ao AEZHgare] =
21 E Aoshe a3 AR FEYTE 2 AF"HE o9
2 AYPATFE nlgo g 9] 9ot B AR 9 A&

= )

EUSE QU ol YT A

opEL7] HOHH Hop =

AEEda= iLtHL % "“1101 Ae

ZAFA E AUl RE A BRA g ee DM =
(Manazuru) ¥tz o] 2k e gtz o
Wl % 019 aplo] Blel Salel AA L ; 1
ZEth(Fig. 1). AR (St W) o] 412 wh2A] 4.5 mo| i
FpzelE 3mE ¥l LA, AL i Ry R %“
o] B8 Zo] Aol B sbsAo] 8usith. 2AHE 20034
49 1204 79 22U7HA] wd o}F] 9ol dEAH o 5

P ARE EF5E A0, AZFE AFE A%
AR S a3 sh7] 984 71ekstet4] (Kitahara
type) A7) AT, 2AI7HE RS A 97
Qo2 2, 78, dE, 49 2 BAA A
Foll Bk vlolBl = AR S A AolA 2 km HolH
Kanagawa?d Nebukawa 5354 HAIE 258 dAct

730 2L LEAR 2P, FREE 49 1204 59

297 GEZE7) SIBUYA S-10S o] &34 233819 <
w1 o]% & CTD(Ocean Seven 3163 S/N 1202287)E ©|
g3l ArIAERe] gho = A aeln, JYAF S

AL ANBEE AF 24 Adaz 24kl Milipore Milex HV
(pore size 0.45 um) = ol 7}a] WERASATZE A A
%3lo] Parsons et al.(1984) 2] EA o] wlglx Auto
Analyzer(Bran Luebble, AACS-I)E o] &3l 24k +o
A, A8l FEE BAGL 2 dPdiE FREe
Foh. Hattori(1977)9] ®.31o] ©]spA,
) el AdA dree] = 0.100
o] 0.5 uMATE, T3l B el
7‘491 o E2H dREFEEE 05uM o|&t =2 BlwF
%l J?_r%ﬂa’iv}. Ao o2 DINe mAle dEFEee]

&o
3 ;o

G T3] EE Aoz AlsgoR AR TR Hatak
05 uME A &A1 A réﬂ?‘iﬂr

= 74 29l o 2= Chlorophyll a(Chl. a) 23} 2]
EZFAEY dEHS %L?;ED}, Chl. a= 3737l ¢1sl
4 HA] 2(100-250 mL) = 25 mm Whatman GF/F glass fiber
filters2 o]3}3l & N N-Dimethylformamide (DMF) 10 mL
o] kol o wethe] ZloA 24 h FZ3ch(Suzuki
and Ishimaru 1990). = &, &34 (Holm-Hansen et al.
1965)o] w2} Turner & 33 % A (Turner Design
Fluorometer Model 10-AU)S- o] &3] &3 zro 2 =3t}
AEZHIAEY d&EHF2 3 4 (500-1000 mL) &
Membranes filters(TTTP type Millipore; ¢ 45 mm, pore
size; 2 um) 2 Ao 1}ste] FHZ2=g o)(ltakura et al. 1990) .
o #e23 JEE 2.5%9 glutaraldehyde aj5&<fo] 3
38 F A4 HRsYaEe F24% A% e
(Nishitani et al. 2005). 53], & n| A slol|A] 53 o] 53]
ol F& & dru B

NEEFAES) 2YTFRE AT Lotns] 98)A
Bray-Curtis o]=%5 AF=3)31, PRIMER version 5(Clarke
and Warwick 2001)& o]&3] Cluster 43 MDS
(multidimensional scaling) 418 It} &3t 71 A3= v}
23 FFdE= 1 7Rt
olw gt #A 7} 9=A CANOCO 4.5 softwareg ©]-&3
CCA (Canonical Correspondence Analysis) #4215 83}

=

Bog AEBZHPIgE LZ

2 1

ZAP)ZE Bt AEIAe] HE
A o] Fth(Baeket al. in press)_ 7rkelA fof
(Table 1), 7+ —t— 5¢ 31 109 mmE 7| E3 1
kol HI gk Z-97F AFE AT, &2 2APIRE 271
Z A %] 14 5°CollA 6€Y 30¥¢] 23.8°C2 FH1X= VeI
th 1 o|% 79 TR RIME Ao dEo R £

So WRHA] Foka, 23°C AT FA AT FE=

r&
-
o
Lo
'
oc:):h
o

B

>

>

N
ook ¥ 2 AL R



280 Algae Vol. 23(4), 2008

Table 1. The maximum, minimum and average (+ SD) values of environmental factors during the study period in Sagami Bay. Open
and close symbol indicates surface and bottom layers, respectively

Max. Min. Ave. SD
Rainfall (mm) 109 0 5.7 13.8
Wind speed(m s1) 25 0.2 0.81 0.51
Irradiance (mol m=2 d1) 28.3 1.2 13.6 7.8
Temperature (°C) 23.8(23.2) 14.5(15.0) 19.7(19.9) 2.4(2.6)
Salinity (PSU) 35.0(23.7) 35.0(32.8) 31.7(2.2) 34.0(0.7)
Silicate (uM) 192.2(91.1) 6.4(1.5) 46.1(14.6) 44.8(11.3)
Nitrate + Nitrite (uM) 12.01(4.19) 1.33(0.02) 5.77(1.10) 2.38(0.84)
Phosphate (1M) 2.24(0.67) 0.14(0.02) 0.56(0.26) 0.26(0.13)
Chl. a(ug L™ 10.42(8.69) 0.21(0.40) 1.27(1.77) 1.45(1.71)
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Fig. 2. Temporal variation of nutrient ratio (A: N/P, B: Si/N, C: Si/P) from 12 April to 22 July 2003. Dotted lines indicate a Redfield

ratio.
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Fig. 3. Temporal variation of Chl. a concentrations and the ratio of diatoms and dinoflagellate at surface (A) and bottom (B) during

study period.
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A Fee g
Al Ak ‘dx}i AR EATH(Table 2). 53], SidddS 1
At FAHAE NI PG vleiA 2oz =4
yebyka, shgkx] Al = kx| @kgkth. Kamatani et al.
(2000), Kanda et al.(2003), Fuijiki et al.(2004)2] X 31| ¢]3}
W, ApRre AEEHAE S TEF7E AR sk vl
ol ¥, 2594 T2 Qg Si FdIFHe] Mgk sk
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é%k%‘ol 3| F2 7178 AYsid, #2771
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NEEFAE] THTEE AT Fobus] e
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Z P YA AEZYIE =2l 2|

DS(multidimensional scaling) 2413t 2
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Fig. 6. Relationship between nutrient (concentration and ratio) and phytoplankton community composition by canonical
corresponsence analysis (CCA). Effect of population development on each group species (A: Group 1 species, B: Group 2 species,
C: Group 3 species, and D: Group 4 species.) was assessed based on the cluster group of Fig. 5.

Table 2. Percentage of samples with nutrient limitation by sub-
threshold concentrations in the surface and bottom layers
during the study period (n = 204)

= e F7HE sh7] 918l CCA 4= St (Fig. 6).
wE, v AEEE B720xts AR $4xH(Chl. a)9}
ol #AE olslslr] YA Pearson correlation coefficient
£ 738l CCA 2479} vlwal Kttt (Table 3; Fig. 6).
WA A|11F-o|= Guinardia spp., Scrippsiella trochoidea,
Skeletonema costatum= N/PH| ¢} A @Al o] YEbRE oL}
Leptocylindrus danicus, Chaetoceros spp., Detonula spp.,
Eucampia zodiacus= < 4 w=9F Tdu| <k k] (-) 9] &

Layer DSi®  DIN®  DIP® )

Nutrient limitation Surface 0 0 0.98
Bottom 1.96 24.5 33.9

agj limitation: DSi <2 uM; PN limitation: DIN < 1 uM; °P
limitation: DIP < 0.2 uM.

DSi: dissolved inorganic silicate, DIN: dissolved inorganic _ .
‘ 7 ¥ A Al 271 & ol = Licmophora spp.
nitrogen (nitrate, nitrite, ammonium), DIP: dissolved inorganic AZE AT A =l P Pp-.

phosphate Thalassionema spp., Asterionella spp., Rhizosolenia delicatula,
Hemiaulus spp., Navicula spp.<= Si/N Al EH]¢}= e So
A#A-S ¥l a1, Bacteriastrum spp.€} Pseudo-nitzschia spp.
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Table 3. Pearson correlation coefficients (r) indicating the
relationships between abiotic and biotic (Chl. a) factors
during 12 April to 22 July, 2003 in Sagami Bay

Temp. Sal. Irrad. DSi DIN DIP
Salinity -0.182
Irradiance  0.012  0.192
DsSi -0.196 -0.065 -0.104
DIN -0.183  -0.473  0.247% 0.787
DIP -0.4062 -0.048 -0.067 0.343% 0.4432
Chl-a 0.3042 -0.2622 0.108 -0.230 -0.056 -0.436

aSignificant correlations (p < 0.01)

(type 2)= 747} DSis} DIPo] thgt &2 gaaA7b w7l &
ZE A}, FuEAE, A3aFdE JHEEFT HEAEA
31, Ceratium furcal= H|22 DIN %9} ool AAAS H
¢Jo1}, Prorocentrum spp., Gymnodinium spp.= %k (-) <]
k1S HYrt. E3d] Dinophysis caudata, Peridinium spp.:=
DIP 7 &9f 4aaAS vepith SR /5olA
= ZAPIZE Bok et o g 933} Ceratium fususs o oF
A 282 ok, AAEd £ T2 FR T
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