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Tab. 1 Composition of phytoplankton in different investigation seasons
Season Bacillariophyta Pyrrophyta Cyanophyta Chromophyta Total
Spring 38 15 1 3 57
Summer 28 12 1 0 41
Autumn 25 9 1 1 36
Winter 14 5 1 0 20
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Tab. 2 List of phytoplankton species, ecotypes and red tide causative species

Chinese Latin Spring Summer Autumn Winter Ecotype Toxin
Bacillariophyta
Schroederella delicatula* + B
Lauderia annulata* + A
Skeletonema costatum* + + + + A
Thalassiosira nordenskioldii* + C
Thalassiosira pacifica™* + A
Thalassiosira rotula * + + + C
Thalassiosira subtilis* + A
Melosira monilifornis* + A
Melosira nummuliloides* + C
Melosira sulcata™ + + A
Hyalodiscus subtilis + A
Stephanopyxis palneriana* + B
Leptocylindrus danicus* + + A
Corethron hystrix + A
Coscinodiscus argus + + + + A
Coscinodiscus asteromphalus* + A
Coscinodiscus bipartitus + + + + B
Coscinodiscus jonesianus* + + + B
Coscinodiscus oculus + + A
Coscinodiscus radiatus* + A
Coscinodiscus wailes* + A
Asteronphalus cleveanus + A
Actinoptychus annulatus + B
Actinoptychus undulatus + + + A
Rhizosoleni delicatula* + C
Rhizosoleni styliformi* + + + A
Rhizosolenia sinensis + + A
Eucampia zoodiacus* + A
Bacteriastrum hyalinum* + + + A
Chaetoceros affinis* + A
Chaetoceros curvisetus* + + A
Chaetoceros danicus* + C
Chaetoceros debilis* + C
Chaetoceros densus + A
Chaetoceros diadema + + C
Chaetoceros didymus* + A
Chaetoceros indicus + B
Chaetoceros lorenzianus* + + + B
Chaetoceros peruvianus* + B
Chaetoceros socialis* + C
Bellerochea malleus* + B
Dityhum brighwellii* + + + A
Streptotheca thamesis + + C
Biddulphia mobiliensis + + A
Biddulphia sinensis + + + B
Asterionellopsis glacialis* + A
Grammatophora undulata A
Licmophora tenuis + + A
Thalassionema nitzschiodes* + + A
Thalassiothrix frauenfeldii* + + + A
Thalassiothrix longissima + A
C

Navicula ramosissima
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Chinese

Latin

Spring

Summer

Autumn

Winter

Ecotype Toxin

Pleurosigma falx

Diploneis bombus
Bacillaria paradoxa*
Pseudo-nitzschia delicatissima*
Pseudo-nitzschia pungens*
Nitzschia angularis
Nitzschia longissima*
Pyrrophyta

Prorocentrum donghaiense*
Prorocentrum micans*
Prorocentrum sigmoides*
Prorocentrum triestinum*
Karenia mikimotoi*
Noctiluca scintillans*
Dinophysis acuminata™
Dinophysis caudata*
Ornithocercus magnifics
Alexandrium tamarense*
Gonyaulax polygramma*
Scrippsiella trochoidea*
Ceratium furca*

Ceratium fusus*

Ceratium macroceros*
Ceratium tripos*
Protoperidinium conicum*
Cyanophyta

Trichodesmium erythraeum*
Chromophyta

Chattonella marina*
Dictyocha fibula*

Dictyocha speculum*

+

+ o+ o+ o+

+

+ o+ o+ o+

+ o+ o+ o+ o+ o+ o+ +

+
+

+ o+ o+ o+ +

+

+

+ o+ o+ o+ o+

+ B

ASP
ASP

> Q> > > >

DSPp
DSP

PSP

> > >w Q> > w e >

+
v}

> > >

;A ;B

; DSP

5

; PSP

; C

s #

; ASP

>

Note: + shows appearance; * indicates red tide causative species; A, B, C stand for eurythermal species, warm-water species and temperate
species, respectively; # shows red tide species with the ability to produce one kind of toxin; ASP shows red tide species with Amnesic Shell-
fish Poisoning; DSP shows red tide species with Diarrhetic Shellfish Poisoning; PSP shows red tide species with Paralytic Shellfish Poisoning
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Tab. 3 List of dominant species and their cell densities, percentage in total phytoplankton

Spring Summer Autumn Winter
Spot (el abundance Percentage  Cell abundance  Percentage  Cell abundance  Percentage Cell abundance Percentage
(cells/L) (%) (cells/L) (%) (cells/L) (%) (cells/L) (%)
1
2435000 85.27 3310000 94.11 4000 42.11 500 76.65
2
2697500 87.68 1998750 92.63 4000 44.44 2000 86.27
3
862000 76.59 893750 86.37 4000 61.54 1000 67.78
4
1030000 52.41 308750 85.35 4500 81.82 2500 78.84
5
1491000 73.73 1198750 79.23 8000 53.33 4000 50.00
6
802500 51.79 3185000 95.21 1500 33.33 3000 72.14
7
1657500 67.61 390750 76.62 1000 66.67 5000 77.56
8
2048000 78.51 2908750 95.85 3000 35.29 500 66.57
9
1020500 85.45 2280250 87.77 10000 74.07 500 73.34
I 00r —— 4i}f3% Cell abundance %
3 - FIZEXC Species number | 5 0.5—3517x10° cells/
2 2000 3
% lao L, 1.03x10° cells/L
g 1500} 5 ’ (2
'-S 130 é
f‘; 1000 + 150 % 6>
3 ¥ , 2x10° cells/L,
= 500 F 110 ™= ,
=
= 0 : . . - 0
£ Spring % Summer Fk Autumn %4 Winter ’ 103 cells/L
=17 Season 5]
2.81x10° cells/L, ,  3.01x10°cells/L,
Iljlilgi.tzplaiietl(s)ﬁnal curves of cell abundances and species numbers of , 2.71x 102 cells/L, , 1.95x 102
cells/L
> 5 > > s >
> > >
, 18.9—20°C,
> 5
5 il
, 11.7—12.3C, , 65 um,
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Fig. 3 Horizontal distribution of phytoplankton richness in different seasons (x10° cells/L)
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Fig. 4 Horizontal distribution of P. triestinum and S. costatum during their blooms respectively(x10’cells/L)
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Tab. 4 Community indexes of phytoplankton in different seasons
Spring Summer Autumn Winter
Gini inde,; 1.16 1.18 0.58 0.19
e
Shannon-Wiener index 114 0.70 175 0.32
J, 0.32 0.20 0.78 0.22

Pielou index
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Tab. 5 Seasonal variations and average values of chemical parameters
Spot Water temperature ('C) pH Salinity (%o) DO (mg/L) Phosphate (png/L) DIN (ug/L) NP
1 19.1 8.47 30.215 9.79 4 158 39.50
2 19.1 8.5 30.275 9.8 3 115 38.33
3 18.9 8.37 30.953 8.62 3 165 55.00
4 19.5 8.46 30.921 9.86 3 61 20.33
5 19.5 8.42 30.894 9.29 3 96 32.00
Spring 6 19.5 8.4 30.836 8.94 3 126 42.00
7 20 8.43 30.406 9.91 3 118 39.33
8 19.2 8.47 30.344 9.62 5 72 14.40
9 19.2 8.42 30.432 9.14 5 126 25.20
19.33 8.44 30.59 9.44 3.56 115.22 34.01
Average
28.3 8.31 31.659 8.66 6 74 12.33
2 28.2 8.27 32.255 7.7 4 42 10.50
3 28.3 8.27 32.647 6.74 6 38 6.33
4 28 8.25 33.228 7.24 6 55 9.17
5 28.6 8.28 32.456 8.14 3 46 15.33
Summer 6 28.5 8.26 32.947 7.82 2 10 5.00
7 28 8.22 33.399 6.6 5 28 5.60
8 28.5 8.31 31.953 8.1 3 9 3.00
9 28.7 8.51 31.688 9.12 2 6 3.00
28.34 8.29 32.47 7.79 4.11 34.22 7.81
Average
1 22.2 8.14 30.441 7.16 5 205 41.00
2 22.2 8.14 30.613 7.29 3 151 50.33
3 223 8.15 30.764 7.06 9 172 19.11
4 22.5 8.15 30.771 7.16 4 158 39.50
5 22.6 8.17 30.813 7.13 6 159 26.50
Autumn 6 22.6 8.17 30.82 7 7 160 22.86
7 22.5 8.16 30.749 7.02 3 137 45.67
8 223 8.18 30.627 6.99 5 136 27.20
9 22.2 8.18 30.646 7.18 9 174 19.33
22.38 8.16 30.69 7.11 5.67 161.33 32.39
Average
12.3 8.08 29.948 9.78 11 446 40.55
2 11.7 8.1 29.997 8.97 12 397 33.08
3 11.8 8.1 30.03 9.05 16 458 28.63
4 11.9 8.09 30.192 9.06 13 377 29.00
5 11.9 8.09 30.194 8.95 15 397 26.47
Winter 6 11.8 8.1 30.191 8.92 16 361 22.56
7 11.9 8.11 29.672 9.23 3 439 146.33
8 11.8 8.1 29.937 8.94 15 437 29.13
9 11.8 8.1 30.043 8.92 14 389 27.79
11.88 8.09 30.02 9.09 12.78 411.22 42.62
Average
20.48 8.25 30.94 8.36 6.53 180.49 29.21

Annual average
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SPECIES DIVERSITY AND DISTRIBUTION OF PHYTOPLANKTON IN NANJI
ISLANDS NATIONAL NATURE RESERVE

LI Yang', LI Huan', LU Song-Hui" %, JIANG Tian-Jiu'"*?, XIAO Yun-Pu® and CHEN Shun’

(1. Guangdong Provincial Key Laboratory of Healthy and Safe Aquaculture, Key Laboratory of Ecology and Environmental Science

in Guangdong Higher Education, College of Life Science, South China Normal University, Guangzhou 510631, China; 2.Research

Center for Harmful Algae and Aquatic Environment, College of Life Science and Technology, Jinan University, Guangzhou 510632,
China; 3. Pingyang Oceanic and Fishery Bureau, Pingyang 325400, China)

Abstract: The microscopic planktonic algae are the main primary producers in the marine ecosystem and play a very
important role in marine food webs. They are critical food for filter feeding bivalve shellfish, such as oysters, mussels,
scallops, clams, as well as the larvae of commercially important crustaceans and finfish. In normal cases, the prolifera-
tion of planktonic algae is beneficial for aquaculture and wild fisheries operations. However, in some cases, algal
blooms caused by toxic or harmful algal species can have a negative effect, causing heavy losses to aquaculture, the
fisheries industry and tourism operations, and having major environmental and human health impacts. For better under-
standing and assessment about the marine ecosystem in Nanji Islands National Nature Reserve, its phytoplankton com-
munity was characterized based on four cruise surveys carried out from May 2006 to February 2007, which may support
many useful data and provide helpful guides for the ecological studies and protection of Nanji Islands National Nature
Reserve. Species composition, seasonal variations and vertical distribution of microalgae as well as several chemical
parameters were investigated. And the connections between microalgae dynamics and several environmental factors,
such as water temperature, salinity, nitrogen and phosphorus nutrition concentration, were analyzed. A total of 80 spe-
cies were identified, belonging to four phyla. These taxa could be classified into three ecotypes, in which the euryther-
mal species were dominant. Prorocentrum triestinum and Skeletonema costatum were the absolutely dominant species in
spring and summer respectively and the dominant species in autumn and winter were various and polytype. Up to 71.25
percent of total taxa, 57 red tide causative species were observed, in which, diatom species were dominant and more
harmful/toxic taxa were dinoflagellate. The blooms caused by P. triestinum and S. costatum occurred in spring and
summer respectively. Decline trend of species number indicated from spring, summer, autumn to winter. Annual average
cell abundance was 1.03x10°ells/L. The cell abundance reached the peaks in spring and summer, both nearly up to
2x10°cells/L, and their highest richness occurred in the near-shore waters where located at the north-west to Nanji Is-
land. With low cell abundances about 10°cells/L in autumn and winter, their richness centers shifted to the near-shore
waters where situated at the south-east to Nanji Island. Shannon-Wiener index (H’) peaked in autumn (1.75) and mini-
mized in winter (0.32). Using correlate analysis by SPSS, it is revealed that there is no obvious correlation between
microalgae dynamics and any environmental factors. During the bloom of P. triestinum in spring, the ratio of nitrogen to
phosphate nutrition maximized (34.01) because more phosphate nutrition has been absorbed by dinoflagellate cells than
nitrogen nutrition. And the reverse situation occurred during the bloom of S. costatum in summer, the ratio minimized
(7.81) because more nitrogen nutrition has been consumed by diatom cells. It was caused by the distinct nutrient habits
of different bloom causative taxa in different seasons.

Key words: Nanji Islands; Phytoplankton; Species diversity; Ecological distribution



