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Distribution of net-phytoplankton and its influence factors in spring in Xiangshan

Bay
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Abstract; Xiangshan Bay (121°25'—120°00'E, 29°05'—29°46'N) , located at the East China Sea, is a long semi-
enclosed bay with slow rate of water exchange. As one of the most important marine economic bases in Zhejiang Province, it
has confronted a series of ecological challenges due to the coastal power plants ( Ninghai and Wushashan Power Plant)
running, excessive aquiculture, industrial development, tidal flat reclamation, and sea-crossing bridge construction. These
large-scale human activities certainly lead to hydrodynamic alteration, temperature elevation, and eutrophication aggravation
in this bay. The phytoplankton, as the basic and essential part of food chain, is very sensitive to such environmental
stresses. However, present data about the combined effects of multiple marine exploitations on phytoplankton in the semi-
enclosed bay is scarce. In this context, one cruise of phytoplankton and physical-chemical investigation was conducted in

Xiangshan Bay in spring, 2010.
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Based on 28 net-phytoplankton samples, a total of 6 phyla, 55 genera, and 158 species were found, including 135
diatom species (occupied by 85.4% of the total species number and 99. 0% of the total abundance), 18 dinoflagellate
species and 5 other taxonomic species belong to Chrysophyceae, Cyanophyceae, Chlorophyceae and Cryptophyceae. The
phytoplankton abundances (35.29x10* Cells/m’ on average) represented a strong patchy distribution, varying in the range
from 3.41x10* Cells/m’ to 142.35x10" Cells/m’, and the high values occurred in the areas around Hengshan Island to
Baishishan Island and also around Wushashan Power Plant. Coscinodiscus jonesianus (284.97 x10* Cells/m’ ) was the
absolute dominant species with its cell number accounted for 80.8% of the total abundance, while other dominant species
such as Navicula corymbosa , Skeletonema costatum and Coscinodiscus concinnus also had high cell densities (11.93, 6.92
and 4.06x10° Cells/m”, respectively). Canonical correspondence analysis ( CCA) showed that transparency, suspended
solids, temperature, N/P and silicate were the main variables which affected phytoplankton community in turn. The ample
solar light, moderate temperature increment of the thermal discharge, abundant nutrition and suited N/P ( close to the
Redfield ratio 16) induced a phytoplankton (especially the diatom) bloom at the inner bay. Due to the catchment input,
water exchange and marine exploitation, the patchiness and gradient of physical-chemical parameters were obviously
observed, and such complicated environment supplied different habitats for phytoplankton and resulted in spatial
heterogeneity. Both the Shannon-Weiner diversity and Pielou evenness index at the mouth and outside were evidently higher
than the midst and bottom of Xiangshan Bay. Thus, there was a great discrepancy among the community composition at
embayment bottom, midst, mouth and outside, according to the cluster, multidimensional scaling, and similarity analysis
results. Besides, comparing with the historical data, we found that the microalgal abundance increment and community

structure alteration were tightly related to the various marine exploitations in this bay.

Key Words: Xiangshan Bay; phytoplankton; canonical correspondence analysis ( CCA ); environmental factor;

marine exploitation
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Fig.1 Sample stations in the Xiangshan Bay

I .4k Tie harbor; 11 . ¥ Huangdun harbor; Il PP Xihu harbor; IV ; FEHEIKHE Bottom of the main bay; V . F R Middle section of the
main bay; VI FHEHE T Mouth of the main bay ; VI . FHEHE O 4) Outside mouth of the main bay;A:ﬁ:?@[Er Ninghai Power Plant;B . =N
Wushashan Power Plant;C: f# 111 & Hengshan Island; D i 11| &% Tongshan Island; E: "1 5t 111 & Zhongyangshan Island; F: [ 7 111 & Baishishan
Island ; G : V> &% Nansha Island ; H: {il 7 111 [ Gangpanshan Island
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T2 AE R 530 (nMDS) 43 BT TR 0 B E v 10 25 (B 43 A0 o VR U A A A v DX 3 ] L 5 SR 0 DR 22 A R 43 B
(ANOSIM) , FH CANOCO 4.5 #fF#17 CCA HEp , H THEF B9 A FE & 5 2 1Y = 10% , HH 3B 5 S F 2
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R L VPUERIY A FE A9 99.0% s HIHE 10 J8 18 Fh (5 11.4% ) HLERE B ERE90.8% ;&3 1 JE 2 Fh( 4
1.3% ) ; Wi ZRBEAEHAS 1R 1 F (&5 0.6%) .

AR PR IEAE ) A5 AR VO FL , PRS0y 4 A ARSI (1) WROK A BOK R HE, H BRI 2 B2 S 1K,
REFEFIEAT 2 38 ( Cymbella ) | KL 1 5% 3 B B 28 Bl ( Melosira granulata var. angustissima) | P} 50 3 J&
( Pinnularia)) F1Aff 35 5 i BALAZ RN ( Pediastrum simplex var. duodenarium) %5 5 (2) W B CRERZEHE | 1 BLAT
SRR R AR MR /N IR ( Cyclotella stylorum) | 53 Jé f TB 3 ( Chaetoceros knipowitschi) (A5 £
#: ( Gyrosigma acuminatum ) FEFFF 3R ( Synedra) 55 5 (3) T 5 N TS PR RE R A WS 0 A S AR R FP2E
A B 1K |5 i % ( Coscinodiscus jonesianus ) . 4 5% [B i % ( Coscinodiscus concinnus ) . HV 1 & 2% % ( Skeletonema
costatum ) A7 XU 8 ( Ditylum brightwellii ) FL/INE F 3 ( Prorocentrum minimum ) % 5 (4) AN &R 288E  ANAE
T RIE T ANAGAS b A7 P, AR AN i AR 3 ( Ceratium falcatum) | =8 £ 3 K PG EEASFh ( Ceratium tripos
var. atlanticum) FIREHLH 3 ( Pyrocystis noctiluca ) %,

2.2 BEESET-H A

TFIFEYIFERE (N) R 3. 41x10°—142.35x10*4/m’ , P34 {E ( Mean£SD ) 47 (35.29+33.65) x10*~/m*, &
A5 I 11 R s 11 MRV I i | SR T = 38 v 9 20 At g, HL SR B Y BEHRR A, HOR i X TR 1L 5
2 A L B KB S I AR K (1 2) o WIFRE(S) S 10—50 , - X{E y 28. 9+10. 3, i E XA T P4 i
W VR VD B AR K, H' O 0. 16—3. 14 SFIMEN 1. 27+0. 98, ST A 3 B Ay s JE 308 A0 s v s
<PGY s <is RIS T8E, 724 0.09—0. 84  SFHE g 0. 820. 37, HEA S 15 382 39y vk JEC I v v < b 11 <788

FANE2)
29.8°N
(X 10*4m?) ,&{/L/A 130
2070 / 100
75
50
29.6° o 40
30
20,5 20
10
5
29.4° = 3

29.8°N

29.7°

29.6°

29.5°

| s

29401 T J. e 0.2 ‘
15° 121.6° 121.7° 121.8° 121.9° 122.0° 122.1°

121.5° 121.6° 121.7° 121.8° 121.9° 122.0° 122.1°

2
E2 FHEENMFEVHFEEE . SHEEENMYIEEINTES 5
Fig.2 Horizontal distributions of phytoplankton abundance, species richness, diversity and evenness

2.3 RPN RS B O A

AU AL AT PRWEAL D) PC Tl 4 Ff, Horb, BRIG R 07 88 (Y= 0. 808 ) 248 X AL 3l , B2 2. 41x10°—
863.49x10°4>/m* , F-Y{E Hy (284.97+277.14) x10°4>/m* | = J3 55 (1 DX A T8 10 55 Z2 40l 10 59 v 358 B 25 v 1 Fy
T AR (8] 3) 3 28R FHE 8 ( Navicula corymbosa , Y =0.025) IR Z , E A 0—261. 44x10° /m’ , SFEH4{H K
(11.93£49.16) 10> A4~/m’ , = B 5 B DAL T4 L1 55 R g b 5 T 3 Yty 3 0 DX (181 3) 5 il 2k (Y =

http ; //www. ecologica. cn



3344 JAE = 33 %

0.016) J&5 3 £, F N 0—29. 95x10° 4/m’ , SF-HI{E J (6. 92+8.33) x10° 4~/m’ , F= B i (B XA T4kt s 11
FTPG Y98 10 IR R AR X (] 3) 5 ST IR 8 ( Y=0. 010) JEAR AN, F R 0—12.19%10°4/m’ , F-HI{E K (4. 06+
3.92)x10°4/m® , F B B {E X 5 B B s S L (E 3)

29.8°N
B0 BRI A~
Coscinodiscus jonesianus Navicula corymbosa }7 200
29.7° 150
125
100
29.6°
75
50
29.5° 25
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5
29.4° 0
29.8°N
S ) e
Coscinodiscus concinnus 12
29.7° 10
8
29.6° 6
4
29.5° iR P}
Py 1
L
29.4° { H C 1 1 1 1 1(_(_:: : 1 0
121.5° 121.6° 121.7° 121.8° 121.9° 122.0° 122.1°E 121.5° 121.6° 121.7° 121.8° 121.9° 122.0° 122.1°E

B3 EREWAEMERE(x10/m’) MEESH

Fig.3 Horizontal distributions of dominant phytoplankton species abundances ( x10° Cells/m?)
2.4 PR K SRR S o X
FEAEH T SR SEN 3 X IR 1, Bk DO FITCHLE i TC .35 22 54k, 2 IXHAR P T[]
PR 225+ (P<0.05)

R1 RUUBEZFENHEESENTERFHIR LR

Table 1 Phytoplankton community indexes and environmental variables ( Mean+SD) in different subareas of Xiangshan Bay

X Subarea I Il il v \ VI i 42X Whole
S 25.3+7.4ab  19.0%+9.9a 44.0+8.5b 26.8+9.7ab 25.9+11.1ab  37.0+7.8ab  32.3+5.1ab 28.9+10.3
N/ (x10*4/m?) 18.3+6.98ab 18.2+9.26ab 16.80 +3.73ab 55.17+50.55a 60.01 £24.17a  9.19+7.92b 4.94+1.71b 35.29 +33.65
H' 1.23£0.95ab 0.75+0.59 1.82£0.48abc 1.00+0.44ab  0.46 £0.29a 2.25+1.27be¢ 2.72+0.23¢  1.27+0.98
J 0.41+0.36ab 0.25+0.16ab  0.48 £0.10abc 0.30+0.11ab  0.14 £0.07a 0.61£0.32b¢ 0.79+0.04c  0.37+0.27
Dep/m 7.8+3.8a 10.8 £4.6a 6.8+2.4a 8.7+4.2a 13.8 £6.8a 13.1+2.0a 11.5+1.3a 11.2+1.3
Tem/C 15.6+0.1a 16.1+0.4a 16.1+0.2a 15.8+0.6a 14.8 +0.4b 12.9+£0.7¢ 12.5+0.1¢ 14.7+£1.3
7Tra/m 1.6 £0.8a 1.7+0.1a 1.2 £0.4ab 2.1+0.6a 1.7+0.3a 0.6 +0.3b 0.40+0.1b 1.4+0.7
Sal 18.5+5.3a 18.3+2.2a 21.5+0.laa 22.2+0.5ab 22.6+0.8ab 24.9+0.3b 25.7+0.6b 22.4+2.8
DO/ (mg/L) 8.92+0.05a 9.93+0.46b 9.41+0.38ab  9.35+0.64ab  9.36+£0.23ab  9.09+0.02ab 9.13+£0.12ab 9.29+0.39
SS/(mg/L) 7.7+2.3a 7.0+0.0a 12.0£5.7a 8.2+3.6a 12.0£3.0a 54.7+59.2b 133.8+74.9¢c 32.5+53.5

Si027-Si/ (mg/L) 2.046 +1.016a 1.630 +0.438ab 1.282+0.038ab 1.391 0. 125ab 1.390 £0.084ab 1.165 +0.081h 1.102 +0.072h 1.404 +0.400

PO3™-P/(mg/L) 0.128 +0.031a 0.087 +0.030b 0.036 +0.004c 0.081£0.019b 0.061 =0.013he 0.038 +0.002¢ 0.033 +0.002¢ 0.065 +0.032

DIN/(mg/L) 0.550 +0.101a 0.583 +0.296a 0.351£0.039a 0.656+0.292a 0.490+0.187a 0.626+0.297a 0.728 +0.358a 0.571 +0.243

N/P 9.7+2.1a  14.5%2.5a  21.9:0.la  19.3x11.3a  18.1%5.3a  36.5+16.2ab 47.4+20.8b 23.61+15.48
[FAT AN RING Pk 3R K IR 22 53 .35 (P<0.05) ; S: FhiZE%L species richness; N: & abundance ; H' ; ZREMEHS ST diversity index; ' : ¥5) 45

% evenness index ;Dep: KR Depth; Tem: B E Temperature ; Tra ; proAlipEs Transparence ; Sal ; h Salinity ; DO . Wit 48 Dissolved oxygen; SS: iRy

Suspended solids ; DIN : ¥ fi# JCHLA Dissolved inorganic nitrogen
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AuliKIE N 12.2—16.8 °C ,FH4EH (14.7+1.3)
°C, A1 I A2 W 0 > s v B > s 11 > s 1 Ay A (&
4) BRI v T K 1 410 T VA B K IR e T Ak
IERKRE T 4 CZ2, IWE 4 alH . i) RHEK 1
CIRTHEEEL M R C 2L 5 A 0.5 CiRTHE
ZRA M AR E b e Ll By K S vb il TR K 1 °C
TR T L AUR BR T H 7K E BRI 19 /NE LN L0, 5 °C IR
Th 48 2 1) 45 AT 22 5 )Pk 10 ) G T 2 A L R ks
AL FE R RS r S L B s A B oA 24 2 9 A T e F
J 0.5 CHAETERIN

REEN 12.5—26.4 SF{H N 22. 42,8, H A3 A ]
Wt 57K IRAR I, S IR < i< D < 141, BWIEHR 0.3—2.5 m,FIE N (1.4£0.7) m, m{EXALT
A L A5 2 ] L 5 YA 3 BT A L 5 AR AR DA T RN R H V5 BRI o 2—221 mg/L, “FHIME R
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Fig.4 Horizontal distributions of surface water temperature
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Table 2 A one-way analysis of similarity for phytoplankton community at different regions

X3 Subarea R P X3 Subarea R P

I— 1 vs. IV 0.06 0.293 IV vs. VI 0.66 0.018
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Fig. 7 CCA ordination of main phytoplankton species with
environmental variables
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Table 3 Community parameters of spring net-phytoplankton at different years in Xiangshan Bay

iEfE TR PeFFh 3/ R E= PN
Year Abundance Dominant species DTSN Reference
5 i scinodiscus ; 22 JE 3 J& Nitzschia ; B 55
1982 4.20 mu‘ﬁ%{fﬂ)ﬁpmcm\oiljrus, ész{wlﬁ itzschia ; M3 35 8 o r18]
Rhizosolenia ; A% )& Melosira
1987 167.80 — — [18]
1988 0.77 — — [20]
2000 B L"‘ﬂb%%ﬁ S. lcostatum;%#}(‘ﬂ‘ﬂ}ﬁ N. corymbosa; 5 /74 (1"
FEWAF7 I Paralia sulcata
2006 17.57 B 4B S, costatum ;A5 FCSURHE D. brightwellii 1/80 FEEAR I Data®
2007 32.41 IRIC R THEE C. jonesianus ; PN 458 S, costatum 14/111 [25]
2007—2009 30.50 [5] 7%5 35J& Coscinodiscus ; T B 453 S. costatum — [21]
IG5 C. jonesi s RS B N, 'mbosa ; .
2010 35.29 AECIGEIE C. jonesianus; BRI R N, conymbosas 18/159 AYRIHAE This paper

FE 4B S, costatum ; SR TP C. concinnus
* PRI K EE Water sample of phytoplankton FREAA X104/ m? , DTSN ; Dinoflagellate/total species number; OFE S i R 5 — G PEF ST
JT, WL KRS I ] T (2x1000MW G 5 & FEALAL ) FR5Es2 4 1588 43, 2008
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