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Temporal and spatial distribution of phytoplankton in Liusha Bay
ZHANG Caixue, CHEN Huiyan, SUN Xingli*, ZHANG Yubin, ZHANG Jibiao, CHEN Chunliang

Monitoring Center of Ocean Resource and Environment, Guangdong Ocean University, Zhanjiang 524088 , China

Abstract; Phytoplankton is a major component of primary productivity in the ocean ecosystem. Their distribution is affected
by physicochemical environmental factors such as light, water temperature, salinity and nutrients and by secondary
productivity and marine macroalgae. Phytoplankton community structure, and spatial and temporal changes in phytoplankton
richness, combined with correlations to factors influencing community structure can provide understanding of the effects of
gradual changes in the environment and of the state of health of an ecosystem.

Liusha Bay is famous for the production of seawater cultured pearls and as the southern pearl centre of China. It is also
the biggest marine macroalgae resource area in China, with abundant marine macroalgae located to the southwest of Leizhou
Peninsula Guangdong (20.36°—20.50°N, 109.80°—110.02°E) covering an area of 69 km®. With the development of
industry, agriculture and Marine aquaculture in recent years, the bay ecosystem and environment has deteriorated. Cultured
pearl production has declined each year and macroalgal abundance has also declined.

To examine trends in seasonal variation and the environmental quality of the macroalgal area of Liusha Bay,
investigations of phytoplankton community structure and of the factors likely to influence this were carried out from February
to November in 2008. Phytoplankton samples were collected using a water sampler and fixed with 5% formalin and 1%

Lugol’ s solution. In a subsequent analysis, species were identified with a microscope after concentration of samples in the
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laboratory. Temperature and salinity were tested at the time of sample collection and chlorophyll-a content and nutrient
composition were determined using spectrophotometry.

In total, 151 species of phytoplankton were identified, with 57, 66, 73, and 66 found in winter, spring, summer and
autumn, respectively. Within the samples, 123 species from 44 genera belonged to Bacillariophyta, accounting for 81.4%
of the community, 26 species 11 genera belonged to Pyrrophyta, accounting for 17.2% of the community. One species from
one genus belonged to Chlorophyta and one species from one genus belonged to Cyanophyta, each accounting for 0. 7% of
the community respectively. 26 dominant species were identified of which the most common were Noctiluca scintillans,
Chaetoceros weissflogii, Thalassiosira rotula, and Thalassionema nitzschioides. Dominant species formed catenarian colonies,
acerose cells and / or were fairly large individuals ( so large that they could not easily be consumed by shellfish). There
were no small sized dominant species. 11 Bacillariophyta and one Pyrrophyta species occurred in all seasons and 22—43
common species occurred in two seasons. The Jaccard index ranged from 0. 211 to 0. 448 and implied clear seasonal
succession in winter and spring. The average diversity index and evenness were 2. 12 and 0. 35 respectively, indicating a
fairly fragile community composition in this area. The abundance of phytoplankton was rather low throughout the year, due
to the feeding pressure of shellfish and competition with macroalgae. Phytoplankton density ranged from 0.24—5.72 x10*
cells/L with maximum density in autumn, followed by summer, spring and winter in a descending order. This finding was
notable, since phytoplankton in other sub-tropical areas usually bloom in spring or autumn.

The density of phytoplankton significantly positively correlated to silicate and was negatively related to salinity, but no
correlation to the other factors was found. The concentration of chlorophyll-a was significantly negatively correlated to water
temperature and was negatively correlated to zooplankton abundance. From relative absorption data, nitrogen availability
was the main nutritional limiting factor in all four seasons. However, when absolute absorption data were examined both N
and P were nutritional limiting factors throughout the year. These findings suggest that the water quality of this area was of a

subtropical oligotrophic type.

Key Words: phytoplankton; community structure; Shannon-Weaver index; temporal and spatial distribution; seaweed-

field; Liusha Bay
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Horh e 11 B W 1 R, & ZR Rl R BUE 22—43 B Jaccard B ARIPE S BGE FEITE 0. 211—0. 448
(£2), BT R BKEFZARRIEFE B &N, Hofth 2247 (8] B RIS AH L 38 B B A%, DR VS bR R Bk 2
A A ZE T (B R () BEVE S5 22 A K, BT R

R1 2008 EFDEZHEMHNFRARINEE (x10*//L) WETEL

Table 1 The seasonal variations in species composition and phytoplankton abundance in 2008

247 Winter # 2% Spring K 7 Summer 2 Autumn
1% Phylum ®oOR R R A g R M kE R M
Genus  Species Density  Genus  Species Density  Genus Species Density  Genus  Species Density
i #7 Bacillariophyta 31 50 0.18 23 52 0.12 26 59 1.20 29 63 5.71
1] Pyrrophyta 4 6 0.06 9 14 0.56 5 13 0.01 3 3 0.01
£317] Chlorophyta 1 1 0 — — — — — — — — —
HEWE] Cyanophyta — — — — — — 1 1 0 — — —
&1t Total 36 57 0.24 32 66 0.68 32 73 1.21 32 66 5.72

R2 FRIDIE 2008 £ EF I TR BEIEE

Table 2 The species Jaccard Index of phytoplankton between two seasons in 2008

£zt £} B/ /4 2/ H/% S
Index Spring/summer ~ Spring/autumn  Spring/winter ~Summer/autumn Summer/winter  Autumn/winter
# Z A FEL Species amount 66/73 66/66 66/57 73/66 73/57 66/57
HAFEL Same species amount 27 23 23 43 24 22
FhZEHPE TS B Jaccard index 0.241 0.211 0.230 0.448 0.226 0.218

YRR S B B> TS TR AR RN 1.96%10° /L, TP R B KL T4 ik
REZHE BT 2 AR RS 2209 99. 17% FIEKZE 99. 83% Il A Z 1) 75. 00% F1#Z= 1)
17.65% , W 32 i 2511 0. 83% FIBKZREIY 0. 17% 35 24719 25. 00% FIFE 211 82.35% , Hofth [ 12 iy Fh 2k
WIARAD ANAER Z RS HE ] 1 FRRNAC R IRakse ] 1 F Bl b
2.2 TR AP

ARV IR F] 26 FLHFD, HhHEF 2 2 8 Fl #kZ 10 Fl, & Z 6 F (R 3) , X UL FRIL
O ol I I SR J o3 i e £ N I I R 1 LR E R 22y 2 A S K Y0 5 o L RN IR = 8 ST L b
PR ERIR RGN B AR A i K EETEBE RIZEIE B PHE A B s T T R PR R oA
[ 5 e 95 EC AR B R B BT A S TEEE RC A B RS PRI BE . MBI U R R S S
i REEE R AR A RN A 1 BOR K RIS [C R 3, VR 45 10 EAT T RV R MR RREAE

R3 2008 FiiTIFFEMRIRBEF
Table 3 The dominant species of phytoplankton in Liusha Bay in 2008

EEtl YFh MBS SAEEE PR
Season Species Appear frequency Percentage Dominancy
47 Winter W IEHE Noctiluca scintillans 0.643 21.9 0.141
S W SF3E Pleurosigma formosum 0.500 9.1 0.046
ISHZEIE B Nitzschia pungens 0.500 6.6 0.033
AR5 Nitzschia paradoxa 0.429 7.4 0.032
SEWMGLEBE Thalassionema nitzschioides 0.500 4.5 0.023
MIEAHRAE 3 Rhizosolenia setigera 0.357 5.8 0.021
42 Spring W IEHE Noctiluca scintillans 0.786 79.0 0.621
SEWHFLEBE Thalassionema nitzschioides 0.571 3.8 0.022
5 ZF Summer BRI BEE Cheatoceeros weissflogii 0.714 18.1 0.129
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By WFh HEURE  HAIREEE S e

Season Species Appear frequency Percentage Dominancy
[F 13455 % Thalassiosira rotula 0.714 16.9 0.121
YNFHIFEEEE Thalassiosira subtilis 0.786 10.4 0.082
ZEICHFLR B Thalassionema nitzschioides 0.786 6.7 0.053
SETN S5 Pleurosigma formosum 0.929 4.5 0.042
L S15E Pleurosigma affine 0.857 3.4 0.029
il B 458 Skeletonema costatum 0.714 3.9 0.028
A 52328 Nitzschia paradoxa 0.714 3.7 0.026

B ZE Autumn [ W46 % Thalassiosira rotula 0.714 20.2 0.144
FEIMFLEHE Thalassionema nitzschioides 1.00 7.9 0.079
PB4 Skeletonema costaium 0.786 7.3 0.057
WA TR Chaetoceros lorenzianus 0.643 7.4 0.048
VKL FT 3 Asterionella glacialis 0.929 4.9 0.046
K221 ¥ Nitzschia longissima 1.000 3.3 0.033
FIAZMFESE Leptocylindrus danicus 0.786 3.8 0.030
ZEBRFATEHE Cheatoceros affinis 0.571 4.9 0.028
FHNEEILIE Pseudo-nitzschia delicatissima 0.643 4.4 0.028
JLIC 4B Melosira juergensii 0.571 4.6 0.026

4 DV AF IR OO ZEIL LB 3 DR SR B, RIS R m A2 F TN
BOGHE, MR LR 2 2 st 5 T 40 R 1Y 82. 8% 3 HLUOR B TR IR 4 8 | & AR AT 22T 16
LIt T ARG 28, 1% ; L ZRRY AR — 03ROl Bl R A B, 5 AR D (B B, A1 o A
Y 35.0% ; &M — AR BOCE, FLRHAEE R 0. 141, A S5 1 21. 9% , B DL HFh i O F B R
B,

2.3 PRI AR AR AL S S R 2R R a WL I ZE 1 A2 AL

TP BT HAEY) 2557 SRR RO S AR, ZAETERE B S FIAE 1. 07—3. 35,4408 2. 12,
P2 AT FIAE 0. 18—0. 54,2174 0.35, 25 Z 10 SRR BN 2] BE I HEIP AR Bk T > > A > 05
F, MR a WERFRE, KFRZ,EFRIK(EKL)

F4 RWHE2008 ERFPZHEYHSHEE HEOENMHERE a iRE

Table 4 Diversity index, evenness and chlorophyll-a concentration of phytoplankton in different seasons in 2008

i H Ttem 475 Winter # 2= Spring H 2% Summer K Z& Autumn -3 Average
ZREMEFE S Diversity index 1.62 1.07 2.45 3.35 2.12
¥J5]FE Uniformity 0.27 0.18 0.41 0.54 0.35
£ 2 a Chlorophyll-a/ ( pg/L) 1.46 2.49 3.81 2.77 2.63

2.4 TFIEREY B VT A T AR

I VDV T DR A S T 43 A R 2 AR A A il SR 25 Rk N R 3 R 12 19 0. 025x10° 4~/ Rk ZE
Ul 12 19 13.775%10* A/ L ANZE ARV N 1.990x10* /L, & ZR N1 AN L b 9 3 fe i, 34 0. 598 x10*
AS/L, 3k 3 R 12 AR, 958 0. 025x10° 4N/ L, 76 B KB A2 37 13 A1) DX E R % 3 BT 1) X3RRI 5 R 220
VS LU NV AV TR WA, 3 7 R, 3K 1. 617x10° /L, 3l 2 IRZ, M 1. 125x10* /L, 3l 12 F R &
IN AR 0. 125%10° 4>/ Ly 22 NS RIS S A3 50, WA R B i 2200, 1% 13 F K, 38 1. 850x10°4~/L,
i 4 Flk 8 IRZ, 450 1.700x10*A4~/L, 3 12 fe/) AR 0. 350x10% 4~/ Ly FR 278 iR 28 18 TSI, s e HL
IR E) B RAEAE T 12, 3K 13. 775 x 10* A/, 3l 11 R 22, ik 12. 450 % 10* /L, F/MESE T b 7,
1. 175%10°4/L, R0 L PR R s, B B ARl (E 2) .
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Fig.2 Horizontal distribution and seasonal changes of zooplankton in Liusha Bay in 2008

2.5 RIPEA A RIREK I E IR

TEV- T 04 L A 2008 T JOHLR T PRI Eh AN A AR FRER HI B N 19 D 5 s 7 20 I ML R L
VS DAY oo, T35 PR TR A 16 M R R R R0 05 N B0 DA 5 B 20 0 ) TE ML 3 PR IR A G 1R RE R R 14 85
15 PR DA ARG 5 KT 11 A8 JOAL RIS MR PR ER 1B N R AR, s M R SR A B N o e, ST 84K
b A S B A TR F R R AR IR EL R K T e, &R TR AR AR 1o MR R R 2 Bk
Thm, AFERZ  FFRK, B WRABHIIEMGEES) .

x5 2008 ERPEREHEREBKNERE

Table 5 The nutrient concentration of surface seawater in different seasons in 2008

WAEREE A AHIREE A HBA WERE: ESIvEN ) )
ZE45 Season NO;-N NO;-N NH}-N PO~ -P Si0%-Si R/ R/ /R WA T
2 3 ¢ ¢ 3 N/P Si/P Si/N Limiting factors
/(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L)
K7 Winter 0.0230 0.1059 0.0121 0.0118 0.9905 11.95 83.94 7.02 N
#7Z Spring 0.0089 0.0352 0.0233 0.0087 0.7057 7.75 81.11 10.47 N
B 7 Summer 0.0009 0.0177 0.0235 0.0080 1.1498 5.26 143.73 27.31 N
2 Fall 0.0074 0.0313 0.0101 0.0124 1.3416 3.94 108.19 27.49 N

3 itig
3.1 GRUDTETE R RS WEAE ) A O R

it V0 VS T B PRI PR AR ) F BE AR AR Tt ey, BRI AR iR IR JB 2=y PR LR AL, 5 — RO I 7 |
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Table 6 Comparison of community structure of Phytoplankton and environmental factors between Liusha Bay and other bays

b A N [ B FEE ZREERREL B[] 3 KR
” Investigated Species Abundance Diversity Evenness Water
Sea area . N . .
time amount /(x10*1~/L) index index temperature/ C
MR Zhelin bay 2000—2001 153 35.95 1.91 0.47 23.00
K Daya bay 2003—2004 118 56.8 2.0 0.44 —
%w‘,.[; N
SHHE 1999 188 13.44 2.51 0.79 24.95
Kaozhouyang Bay
9 9
el 1998—1999 267 — 3.20 0.65 25.30
Western Guangdong waters
»’/_fj:l \‘;ll:'\;
%Fjl( 2008 150 139.56 0.69 0.12 24.99
Shenzhen bay
T I S itk X
B R X 2006 262 8.92 4.02 0.59 —
Xuwen coral reef area
Iskenderun Bay 1994—1995 170 <9.0 0.10—2.96 0.04—0.84 15.8—28.9
Sinop Bay 1995—1996 179 710 0.69—3.49 0.25—0.85 6.0—25.0
WP Liusha bay 2008 151 1.96 2.12 0.35 23.54
T = W R A K
R ﬂﬁfﬁlﬂ . THLA e i Xﬁﬂﬂéd’?‘
Investigated . DIN PO; Si03 Literature
Sea area . Salinity
time /(mg/L) /(mg/L) /(mg/L) source
Hitki Zhelin bay 2000—2001 26.70 0.317 0. 060 1.677 (22]
K% Daya bay 2003—2004 — — — _ (23]
P )
ddlis 1999 17.84 0.075 0.015 1.109 [24]
Kaozhouyang Bay
Y b R
B 1998—1999 33.26 0.042 0.006 0.080 (23]
Western Guangdong waters
\’/_\'ll \‘/1\? -
2,*“('7 2008 19.54 1.261 0.146 2.473 [26]
Shenzhen bay
i T B X [
ol . 2006 — 0.179 0.011 0.580 1
Xuwen coral reef area
i ) . . N/P. . [27]
Iskenderun Bay 1994—1995 37.9—39.0 | 42—8.09
Sinop Bay 1995—1996 16.4—18.0 0.075—0.418 20.5—66.9 — (28]
LIPS Liusha bay 2008 30. 46 0.075 0.010 1.047 A
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