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FE AR 2010 1 H(4) 4 H(FHF) T H )AL (B X G 1L T A X 5 LR I v 38 0 R T AR e o, L
PRI 8 7] 74 J@ 220 A, 3220 ik 36 (168 i) A1 (38 F) A, 7 Bk & Z & X VR F B2 (43 31k 67. 85 .65. 88
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( Cerataulina pelagica) 1% Fffi &3 ( Chaetoceros lorenzianus ) 1% A B (C. lauderi) 25, Ho i 3 FG R 7 88 S &4 PR, B
TER AT i 4o 55 A Fh, TR DIV S50 (F 8 chl a W Fh 2841 Shannon-Wiener Z2 £ £ | Pielou ¥ 5] i Al
Margalef £ & J& 245 %00) FIAEE N7 (IR R B pH DO B IFH DIN PO,-P il SiO,-Si ¥ & ) ¥4 7E M i 3 1 Z 4y
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DI BRI 5 (2) X7 BRI 5 N T ADHE XA BE B80T, SR sl (o7 34 530 52 05 30 T R A2 3 o B i AL 2 P 52 ) T g i 1 N T A
FEBHOS A2, HLJEXF W 434 ( Canonical correspondence analysis, CCA) B/ , 5207 IEAE W RETSE 09 £ 2 RO IRE 8
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Community composition of net-phytoplankton and its relationship with the

environmental factors at artificial reef area in Xiangshan Bay
JIANG Zhibing', CHEN Quanzhen', SHOU Lu', LIAO Yibo', ZHU Xuyu', GAO Yu', ZENG Jiangning" ",
ZHANG Yuexia®

1 Key Laboratory of Marine Ecosystem and Biogeochemistry, Second Institute of Oceanography, Hangzhou 310012, China
2 Marine Monitoring and Forecasting Centre of Zhejiang Province, Hangzhou 310007, China

Abstract; Xiangshan Bay (121°25'—120°00'E, 29°05'—29°46'N) , located on the east coast of China, is a long semi-
enclosed bay with slow rate of water exchange. As one of the most important economic and aquaculture base in Zhejiang
province, Xiangshan Bay has confronted a series of ecological challenge such as the development for coastal power plant,
industrial construction, tidal flat reclamation and over-fishing. In order to restore the damage environment of Xiangshan

Bay, the local government has begun to settle 230 concrete reefs (a total of 5000 air cubic meters) successively near the
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Baishi Island since 2008.

Most researches so far focused on the artificial reef itself (e.g. body design, settlement area, pavement method and
management ) and its influence on the water quality, attachment organisms, benthos and fishery resource. However, report
about the effects of artificial reef on phytoplankton is rare. Actually, the phytoplankton, as the basic and essential part of
food chain, is very important for the ecological assessment and the community of phytoplankton should be taken into
consideration of the artificial reef effects on the ecological restoration and fishery resource recovery.

This paper represents the seasonal community composition of net-phytoplankton in artificial reef areas and their
adjacent waters in Xiangshan Bay. The net-phytoplankton samples were collected in January (winter), April ( spring),
July (summer) and November (autumn) 2010, and a total of 8 phyla, 74 genera, and 220 species were found, mainly
including 168 diatom species and 38 dinoflagellate species, and other rare species such as Cyanophyceae, Chlorophyceae,
Euglenophyceae, Chrysophyceae, Cryptophyceae and Xanthophyceae. The phytoplankton abundances in spring, autumn
and winter (67.85,65.88 and 56.77x10* Cells/m’, respectively) were significantly higher than those in summer (7. 19x
10" Cells/m’ ). Coscinodiscus jonesianus, Cerataulina pelagica, Chaetoceros lorenzianus and C. lauderi were the main
dominant species, especially C. jonesianus was the absolute dominant species in spring and winter. Both the phytoplankton
community parameters (abundance, chl a concentration, species number, Shannon-Wiener diversity, Pielou evenness and
Margalef richness index) and the environmental variables (temperature, salinity, transparency, pH value, DO, suspended
solids, DIN, PO,-P and SiO,-Si levels) are seasonally different significantly (P < 0.001) but no obvious difference
between the artificial reef and control areas is found. The similar seasonal and spacial distributions of net-phytoplankton
community are also shown by the results according to the clusters, multidimensional scaling and similarity analysis.
Therefore, the artificial reefs at present have no significant influence on community composition of net-phytoplankton. It
could be speculated that (1) the total scale (only 230 concrete reefs with a total of 5000 air cubic meters) and settle time
(since 2008) of artificial reefs in this area are still not large and long enough to reflect the ecological effects; (2) the
control area is close to the reef area, and the sampling stations are near the islands, so the influences of current and island
effect on phytoplankton may overwhelm the influence of reefs. Canonical correspondence analysis ( CCA) showed that
temperature, nutrition ( DIN and PO,-P ), salinity and suspended solids were the main factors influencing net-

phytoplankton community in turn.

Key Words: phytoplankton; artificial reef; environmental variable; canonical correspondence analysis ( CCA ) ;

Xiangshan Bay

S LR AR W T AL U, 2 — K 2R 62. 8 km AYBE K AU 355 PATTRE VS (121°25'—120°00"E ;29°05 ' —
29°46'N) , KA AR 563 km® , HA K3k L b7 70% |, MEG AL 5 30% 1 BRI B T B A TR K 5
Bt 5 b 0 22 b 2 5 £ R DL 2R g3l 0 R b ) AR VT A K R R 2 B E B A AR W UR PR T R 2D
REZZES, AR, UTHs BRI M JF & (U Tolk & J& Ol ) is 47 MR Bl B RNK 7= F5 50 55 ) Al ik 8 il
5 XS A AR BT AR R AR A Wl VR REAR R, B A AR I A R R M, 1 B A )
FEUR M BN T 2008 4E7E A7 TR 1 230 ANk P8 fa Ak (3 5000 2357 05) U BARE T
FIACHMD & R |, 28 2015 4, 78 52 LS W PR O A% O i X CB L — A Ll sk ) ek 3 4 N T fafik
TE, A (K VR R R DL Sk S A ) UL 7.4 T 255 0y, B, A R N T AR T a5
B T GBI B g B AR T R AR R R B B R AR R 2, (E
FOREA S R G R R BRI AL T B — TR R A AR GE AR X g A 2R IR AR A T R TR sh R e Bl
Yy KA S FATAE fa SRR L B W R T 108 TR LAY, BOPE DA N T AR 1 Il 5% 54 A AR R A B
ZRIF IR 3 AR . A SCHRE 2010 42 DU 2252 11195 T ARk DX S LA 30 1 355 0 SR 7 e A 400 11%) R A 4%
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X, S1,82.88 .89 810 5 ufi fi F-Xf R, BRI B WL 1,

29.7°N

29.6°

29.4°

121.5° 121.6° 121.7° 121.8°  121.9°  122.0°E

1 FEAT
Fig. 1 Sample stations in Xiangshan Bay
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A 81174 @ 220 F ( ZAERNFIAERY) | Horh | k3% 50 )@ 7777 i
168 Fit( 7 76. 4% ) ; H13E 15 J 38 Fh( i 17.3% ) ; i 0 : —ﬁi
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—

100 |

(1.4% ) ;&0 FEHMPBRES 1B 1M (£50.5%) .
AN ZE IR AR YA T T2 A IR 2 Fh 2R R N
7 (134 ) >222(96 Fl) >H 2= (84 ) >EkZ(79 )
2.2 MESH

TRUAHYI - chl a S D H T J A7 70K 8 35 10 3
T (P<0.001) . F Bk AT XA BE (430
67.85 .65.88 F156.77x10*1~/m®) BEEH T H (7. 19 - " o e
x10*4> /m?®) , PUZE - 2ME K 49. 42x10*4~/m* ,{H chl a %4 Season
WHEEWRILZ FZE(H510 6.68 Fl4.64 png/L) i B2 REE A
HETE KE (5510 1.85 M 1.05pg/L) . S.D.H Fig. 2 Species number of phytoplankton taxonomy in different
M RINE F i, FERIL(E 3) seasons

FrFZE S Fl D 74 B3 25 5% (P<0.05) 4b, A fifE X
FIXTREIX AU AN I B chl a H . J o E 225, i XE B Fk A& TR0 Y 400 % B (4 %R 66. 16
6.57.57.39 F147.89x10°4/m’ ) BIMEAL T XF BAIX (43900 69. 54 7.82 .74.36 F165.65x10*4~/m’) (HEF M
ffEIX chl a ¥ (4. 74 g/ L) Wi TR ARIX (4. 53 ug/L) , B AFMEX S I HART X IR, & FFEN 2,
B AZEAHEX T4 0.12 F10.29) K TRIEIX (435019 0.21 F10.37) , EZE=MHZE A (8 0.64) |, itk
FAOHEX (0. 66) = TAHRIX (0.63) ; B Bk A FMHEX D(4350 9.92 5. 14 Fi14.98) & T X HRIX (451K
8.23 4.88 F14.97) , HENRZ .
2.3 RFFh AL

A I Y 2R I B AR ) DA AT RS MY ¥ ( Bacillaria paxillifera)) |15 &% 3% ( Biddulphia regia) KV
FAE B ( Cerataulina pelagica) TR T ( Chaetoceros constrictus) 58 JE fA B3 ( C. knipowitschi) FEMAE
#(C. lauderi) & KA T ¥ (C. lorenzianus ) . 3% 5% |8 i % ( Coscinodiscus concinnus ) | Bt F< & i # ( C.
jonesianus ) R 25 3 ( Skeletonema costatum ) %5 10 Fp (2 1) | Y mak e . BUIC B i N 24FE A HFP | HAE
B AT e X R LIRS Y 4355k 0. 897 F10. 728,
2.4 HEEHET

2 RBRKIRTC B Ak Ah , RS I A7 e i 35 W 215 A8 1k (P<0. 001 ) . & IXTRFEEAR LR B A
B (27.2°C)>Fk(18.29C ) ># (14.9C ) >4 Z=(10.29C ) , 1fii DO Mz, X EHEZE R L (22.1) >F
(22.1)>%(19.6)>H 2 (18.9) ,pH E 5 Z ML, BHE AR AEFE (1. 6m) KE(L. 5m) BEHTE
(0.7m) &Z5(0.4m) , MTETFYINIGFHZ . X PUZE R R, BRI E BFm T4 FF,
Z DIN PO, -P Hl Si0,-Si #1914 0. 901 0. 076 H1 1. 358mg/L, X 5% BRIX (K E JRE hE 3
B pH DO BIFY VBRI EAE R TR TR EZER(F2),
2.5 A4

MR RIS LY RE S Hr e 5 (B 4 FES) iRy o B 2 A REE R L R TR 2
IR R TE A AR W S 25 5 EL A 2 At X 56 BB DXV AR AR L B A i . R 3 R R &
ANOSIM B3 R[5 PR WA )R AU 25 5 (R=0.97,P=0. 001 ) , £5 2= 19 i fifl [X 55 5% i IXC 9 i A

[e5050092%

Fh 2%k Species number
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Table 1 Abundance and dominance (V) of phytoplankton dominant species in different seasons
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% Spring

F/x10*
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Dominant species

PLH Bl

0.053

3.02£1.93

RFEARIE 8 Bacillaria paxillifera

0.034
0.075
0.027

2.21+1.78
4.92+4.59

E & X #E Biddulphia regia

0.199

1.43+0.97

KEEME B Cerataulina pelagica

1.79+1.28

VRINIE AT BE Chaetoceros constrictus

0.101
0.251

0.72+0.29

e FATBE C. knipowitschi

0.134

8.81+5.23

1.80+0.95

BRMEWE C. lauderi

22.48+20.25 0.341

WIRMTBEE C. lorenzianus

0.032
0.728
0.048

1.81+0.78
0.050 41.33+12.36

0.025

1.67+0.92
3.26+2.11

LRI T Coscinodiscus concinnus

0.173

1.24+1.05

0.897

60.77x17.81

BICHTE#E C. jonesianus

2.70+2.91

P B 4% Skeletonema costatum
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Table 2 Environmental parameters (Mean+SD) of artificial reef, control and total area
2K % Spring X Summer
Paramelers WX (n=5) kX (n=5) 42X (n=10) YR (n=5)  fafEX (n=5) £X(n=10)
Contral area Reef area Total area Contral area Reef area Total area
KT Depth/m 9.3+2.3 8.1+2.3 8.7+2.3a 7.6 £2.7 8.7+1.5 8.2+2. la
7K Temperature/ °C 15.0+0.9 14.9+0.6 14.9+0.7b 27.3 +0.1 27.2+0.1 27.2+0.1d
EhFE Salinity 19.5+0.4 19.6+0.5 19.6+0.5b 19.0 +0.4 18.80.1 18.9+0.3a
B Transparence/m 1.8+0.6 1.5+0.3 1.6+0.5¢ 0.6 0.2 0.7+0.2 0.7+0.2b
pH 8.05+0.01 8.06+0.02 8.06+0.01b 7.92 +0.01 7.92+0.01 7.92+0.01a
DO/ (mg/L) 9.24+0.17 9.14 +0.05 9.19+0. 13¢ 6.40 +0.15 6.41+0.07 6.41+0.11a
ii:j?;gziﬁz 11.7£1.6 14.4+7.1 13.1+5. 1be 17.5 +4.3 17.2+45.5 17.4+4.6cd
DIN/ (mg/L) 0.547+0.272 0.689 +0.288 0.618+0.275a 1.198 +0.041 1.176+0.027 1.187+0.035b
PO,-P/(mg/L) 0.071+ 0.011 0.070 +0.010 0.071+0.010b 0.088 +0.007 0.085+0. 002 0.087+0.005¢
Si04-Si/ (mg/L) 1.399+ 0.114 1.435+0. 050 1.417+0.085ab  1.660 +0.033 1.667+0.031 1.663+0.030c
59 Bk Autumn 2% Winter
Parameters XHEIX (n=5) fffEIX (n=5) £X(n=10) X}HEIX (n=5) fHfEX (n=5) 4IX(n=10)
Contral area Reef area Total area Contral area Reef area Total area
FKTE Depth/m 9.8+5.1 10.7+4.9 10.3+4.8a 8.7+2.3 10.8+2.4 9.8+2.5a
7Kl Temperature/ °C 18.3+0.9 18.1+0. 1 18.2+0.6¢ 10.0+0.5 10.4+0.3 10.2+0.4a
EhFE Salinity 21.6+0.3 21.6+0.1 21.6+0.2¢ 22.1+0.2 22.2+0.1 22.1+0. 1d
W JE Transparence/m 1.4+0.0 = 1.5+0.1 = 1.5+0. 1c 0.4+0.1 0.4+0.1 0.4+0.1a
pH 8.08+0.03 8.10+0.00 8.09+0.02¢ 8.26+0.05 8.25+0.05 8.25+0.05d
DO/ (mg/L) 8.04+0.29 7.98+0.05 8.01+0.20b 10.24+0.24 10.28+0.33 10.26+0.27d
iff(;(dr:ilﬁz 6.9+1.2 7.5+0.5 7.2+0.9ab 47.9+12.8 54.7+7.0 51.3+10.3d
DIN/(mg/L) 1.121+0.030 1.119+0.017 1.120+0.023b 0.695+0.075 0.665+0. 086 0.680+0.078a
PO,-P/(mg/L) 0.095+0. 006 0.093+0. 003 0.094+0.004d 0.050+0. 005 0.052+0. 003 0.051+0.004a
S105-Si/(mg/L) 1.634+0. 124 1.544+0.056 1.589+0.102bc  0.755%0.179 0.774+0. 154 0.764+0. 158a

Al X 5060 IR IR 088 PR 7 LU P o A 5 R ) 2515 B 54 . Si0, -Si Fl DIN PSR T K-W G4, HEABR B N 73R I B8 A 707 2500 M

FAADLEE Similarity

Fig. 4 Cluster analysis based on Bray-Curtis similarity matrix of phytoplankton samples in different seasons

a. HEREN Spring sample;b;géﬁé;ﬁl Summer sample;c;@(éﬂ;ﬁl Autumn sample;d;g\éﬁrﬁﬂ Winter sample
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FAIX 12 DR 5 26 Fh £ EIRIFE Y R P
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TR 1 EEAEE N 7~ (8 6) , Horb o 21 1 il 22 il i
B CEFRER R TEY)  pH A A5 52 T AR 2 i) 32
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Fig. 5

B 5 SiLFFEYERNSERES T

Non-Metric multidimensional scaling ( NMDS ) of

different phytoplankton samples

R3  AEXEMETZHEYEENNERBOUES T

Table 3 Results of a two-way analysis of similarity (ANOSIM) for phytoplankton community at different areas and seasons

2151 Groups R P

##H.H Spring vs. summer 1.00 0.001
7% LLFK Spring vs. autumn 1.00 0.001
FF HA Spring vs. winter 0.86 0.001
B H Bk Summer vs. autumn 1.00 0.001
K 4 Summer vs. winter 1.00 0.002
LA Autumn vs. winter 1.00 0.001
ZA7 22 3K 85 Global test for seasons 0.97 0.001
FHEIX EEXT BRIX Reef area vs. contral area 0.09 0.087

R4 CCAHFHRHZHEYMERD
Table 4 Codes of phytoplankton species for CCA ordination

45 Code 2 Species 45 Code T2 Species
sl KEEME B Cerataulina pelagica sl4 i Sk B2 Nitzschia obtusa
%) IRMEHEIE 3 Bacillaria paxillifera s15 LSEE W Nitzschia sigma
s3 hAE & U Biddulphia sinensis s16 W E £ Skeletonema costatum
s4 PUIEHE F BB Chaetoceros pseudocurvisetus s17 ZZICIFLE Thalassionema nitzschioides
s5 ZHUATIE Chaetoceros diadema s18 KF-PEHEEESRE Thalassiosira pacifica
6 TSR AT Chaetoceros knipowitschi s19 TFHEWE Thalassiosira spl.
s7 WA E W Chaetoceros lauderi s20 NG5 5E 3 Thalassiosira subtillis
<8 BB % Coscinodiscus jonesianus 21 R ERIEREE Thalassiothrix frauenfeldii
9 HEFBTHEE Coscinodiscus concinnus 22 KAFETE Thalassiothrix longissima
s10 HEARANEREE Cyclotella stylorum 23 RAPE Ceratium fusus
sl A7 R SUR I Ditylum brightwellii 24 =FAFAVE Ceratium tripos
s12 SR ELHEWE Melosira moniliformis 25 S iR Prorocentrum sigmoides
s13 BRSIIBE Navicula corymbosa 26 WUHEEE Eutreptiella gymnastica
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x5 EEFHFEVMALSRERFH RDA SHTER

Table 5 Summary of RDA on main phytoplankton species and environmental variables

BB Parameters 1 Axis 1 412 Axis 2
FHE{E Eigenvalues 0.598 0.210
- B985 A0 K Species-environment correlations 0.975 0.943
A5 bt BAUE /3 H Cumulative percentage variance of
YIFEHE Species data 44.6 60.3
Y- KR Species-environment relation 59.8 80.8
FFA FFAEAE 2 R Sum of all eigenvalues 1.340
FTAT BT HHE (2 A1 Sum of all canonical eigenvalues 0.999
AR % Variance explained 74.6%

Si— 3% P {E Significance of first canonical axis 0.002
JIAT W5 R P {4 significance of all canonical axes 0.002
3 itig

3.1 PRUFEYIRER R ST

Gl FEZ RIS BRI RK TR BTSRRI R AR TR A s PR, W NI K A
IPIRIK S AR AR R AR AK TR SRR Bl 26 (SEBERE & Caloneis 725 BEJE Cymbella UKL ELEE BEAR PRAL
B Melosira granulata var. angustissima , B3 J& Oscillatoria , ¥ f £ 2 3 Pediastrum simplex FI#E 38 Euglena
88, XA T ERTTHTT 7 5 ok BT TR HRR/ANIAEE Cyclotella stylorum | 5i)JE fA B BE ARATEBUEE Gyrosigma
acuminatum MEIFTEE Synedra 25 ) FIIE 7 AR EL P2 (30t G [0 7 98 | 5 (50 07 986 vl Ol 5 25 388 A FROUURE
Ditylum brightwellii FINEH B Prorocentrum minimum 55 ) | WANAT 6 15 W i IT #E4H7 B9 AN & Eh Fh 28 | WOH:
TR RIS A ok iR sy (35 220 ) o JEHOE R K, W A 65 1 I B 4 R 14 Mg v B v
25 G REEE K BH R ¥ Planktoniella sol F1 & B ¥ (UK A /A ¥ Ceratium macroceros . 2 V8 F] V£ ¥ C.
massiliense J| 2 H ¥ Oxytoxum scolopax . 2R H ¥ 0. gladiolus . 72 Y6 BL H 3 Pyrocystis noctiluca . ) i 3
Pyrophacus horologicum 55 ) W FKZEH W LB S . IIEMER 20 S Fl D #5838 & FHARZE

G 1L A R X AR I K S ZR A AR 24 DA ekt | G b Bt DB 38 O A4 DR FA ol , LRSI TR (A2
JAAEE B XSRS BOCE TR HOA ] B B FR T ' K, I R RS R AR &K, H chl a
WRIEHRIN A ZE e KRR, X IR A= W) e S B S chl a WRBETFA— 20 X2 N B
7 IR AN AR AR, (H AR 3 2 i 3= 2 A0 A A RV A 198 B G (B8 7 33 A0 R A1 498 (chl a S 585055 ) L T
Tk F AT AN 2 AN A AR N 2 A BB A BB (chl a S EEUR) . I TH AFHN4x)
DUFATP A5 DA B G 150 i 88, WP 5 T R A v A DL RE 288 (R = 0. 86)) , Ho 2819 v I AL W A 2L LA 1 35
25 (R=1.00),
3.2 AREDCORIN IR XA B I A P A 7 LA

N Au AR 2ot ] FR R B 2 S i, O PRI 0 R SR M BT 1 R i N AR S R G20 2l
SN Tl AR LK A T ) 376 2 A2 Ak, T JE R O3 A T BT B9 3 0 3, 3 U T B A TR IX, IR
T AR WS B R X O AERA U (TR R I I R 55 ) 200, 28 RS2 1B/KOR LK 384358
e, UMK St B 2 AR k28 T8t R S T, DOAR ) v 3R SR AU BILJSE [ KA Y i K e R Y
U B T B SRR AT BT A KT A % TR AR £ R DX W A A I R S T4 R 0 A )
Py RGP FIH IR AHAYCR A R B, 4% 2= ARl XS 0 IR X R PRI A CE B R TR R
pH {E . ETF4 DO DIN PO, -P I SiO,-Si ¥ FE) FREFE S EL (AN FIL (chl a VRIS D H A J) HEA 03
2e 5% X UL T AR BRSO 7K A WO SR PRI R e v TC B R0, 738, R3S 2 AR /i R W], R 1Ls
25 2T A X5 0 BRIX PRI AE ) 2H AL . ANOSIM J3 B o 2 WY, 4% =5 # i X 55008 IR IX PR AL A 9 2 A

=N
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(49. 42x10*1/m’) .3 = F 2006,2007 4F(16.33x10*
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Fig. 6 CCA ordination of main phytoplankton species with
environmental variables

tem; 8 Temperature ; Salinity ; £5 & ; tra; 75 B i Transparence; SS:
B IE Y Suspend solids; depth: 7K 3 ; DIN: ¥ fift T AL & Dissolved
inorganic nitrogen; PO -P . G LB £h ; Si05-Si fEFRER ; N/P . AL
L. ; zoop-abu : 7% 814 = & Zooplankton abundance ; zoop-bio: 77 Ifff
¥ Zooplankton biomass

SR RRAE S BT T 0 o AETR AR 34 190 308 2 Tt 8 0 BEAR AR RN 4 G AN T 76 um 35 5
AR A 5 AL /N LR GX AT RE S BT A R B — R i 22 , B i 2 S KRR R A N T AR R B0

PRI IR

6 BAELREMEEEFHFENEE(xI0/m’) MEEREHHETHH

Table 6 Season distribution of the phytoplankton abundance ( x10* cells/m’ ) and main dominant species in Baishi Island and its adjacent

sea area

A0y EEai FHE FHARI RN 275 3k
Year Season Abundance Main dominant species Reference
2006 Fk Autumn 21.1 KEME R
2007 % Winter 8.70 Tl B A
2007 % Spring 28.60 Bt G [ 7 o
2007 X Summer 6.90 T G 58 8 A £ 4

2006—2007 PUZ Four seasons 16.33 -

2006—2009 PUZE Four seasons 30.80 PR A R AR R N A [34]
2010 % Winter 56.77 Tot [G B R RAS AR B P U 4 2
2010 3 Spring 67.85 Tt I [5] ff vi
2010 5 Summer 7.19 IR BE RPEMAETE SUIR IR | e JE M B
2010 #k Autumn 65.88 WICABEE P AT B M I G 77
2010 PUZ Four seasons 49.42 —
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3.3 IRERIH TRV R TE 1S

TRIERL) B K 32 21 2 B R T OGIR KR SR BRI AR S %) 0 A 2g it iR (iR liesh i
FEEAE) RN, ARG CCA S5 IR B3R 4R (DIN [PO,-P) 5 5 1 I 4 I 5 el 78] 2 Y 450 000 S 17 e A
YIREE I R B R U HE — SR R AR 5 LRI EE I T2 A oG, b, s Je M B i Y [C A B
T R T R A v () B R A A v A = B O 5 R Ak %85 ) T R OG ; TR A AR B L RS B
4% ( Thalassiosira spl. ) 7E IR E FIEERER AR pH (HR & 1K A A B EWERE, el pH E% 1Y)
IEAASG, 510 B A TR 2 D) TURH G ; PR B ZR e ZE S0 8 J5 w1 A i Hh B, G 5 4868 18 28 DI M 56 5 R
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TEARSG, 5 B DR G . BTGB 0 5 75 L 4 2% ( DIN (PO, -P 1 Si0,-Si ¥ & AH X BAIR ) 14 28 XoF I
il SO 5 E IR ER BT R G

AR A FEIA | R PR IATE ) 2 FE R B S > &> H 2 A S X 15 2000 4042 11 7 i 4 A 45 21 2
o, FZKETE, 78R RCIR GBI BEIR 1. 6m) F1=E 5 A9 55 30 (2 00 18 /K 5 P Bt [ 80 0 388 R, I 1k
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