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Temporal and spatial patterns of phytoplankton species richness in the Pearl
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Abstract: The Pearl River Delta is the most economically active and densely populated region in South China. The
production of domestic and industrial waste has increased considerably because of this economic development, and a 10%
increase in waste production is estimated to have occurred in the past few years. The spatio — temporal patterns of
phytoplankton species richness of the Pearl River Delta in 2012 were demonstrated in this study, based on data from 13
representative sampling sites covering most of the area of the river delta. During the investigation, 383 species from 7 groups
were identified. The main groups were diatoms ( Bacillariophyceae) and chlorophytes, accounting for 41.78% and 29.24%
of the total numbers, respectively. Euglenophyta and Cyanobacteria were subsidiary groups. Physical and chemical variables
were analyzed to assess key factors and their interaction mechanisms were demonstrated using redundancy analysis. The total
species richness was significantly different among the stations in dry seasons, but not in wet seasons. In dry seasons, river
water disturbance caused the suspension of diatoms. In wet seasons, exogenous supplementation occurred and the river
became diluted, thereby causing a reduction in diatoms. The total species richness of the stations around Guangzhou and of
several stations around the middle of the delta was higher than that of the other stations, which was mainly related to the
spatial pattern of nutrient levels and the water exchange capacity. The spatial characteristics of different seasons showed that

the species richness in dry seasons increased along the West River, the middle of the delta, and the area surrounding
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Guangzhou, indicating that nutrient contents were the most important factor. In contrast, in the wet seasons, the species
richness on both sides of the delta was higher than that in the middle of the delta. This was influenced by water flow
replenishment and water exchange capacity. Moreover, the proportional composition of various groups showed that diatoms
accounted for the highest proportion of total phytoplankton species in the dry season, decreasing in the wet season. The
proportion of diatoms decreased during floods, owing to the supplementation of chlorophytes, euglenophytes, and
cyanobacteria through influx into the main river channel from dead zones. The percentage of diatoms in the Guangzhou
station was significantly lower than that of the other stations. This was primarily because the Guangzhou station was located
at the intersection of rivers, and there was algal supplementation by external rivers all year round, and secondly because the
Guangzhou station was located in the center of the city. These areas have large water discharges, resulting in higher nutrient
contents than other areas. On the basis of statistical analysis, we concluded that neutralization of exogenous supplementation
and dilution of the river and the suspension of diatoms caused by river agitation not only affected the seasonal variations of
species richness, but also the relative composition of different groups. The water exchange capacity and nutrient contents

were the key factors determining the spatial distribution of species richness in the wet and dry seasons, respectively.

Key Words: Pearl River delta; phytoplankton; species richness; temporal and spatial patterns
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Table 2 Frequency and dominance of common species in different seasons

i i) 12 4 B/ % B/ %
Time Category Species name Occurrence rate Dominance rate
2012.3 REE TR E#E Aulacoseira granulata 100.00 28.36
fik e TEHE EEEH Melosira distans 100.00 3.46
Tk AR SEEBERE Melosira varians 100.00 22.29
fik B K2 ZE W Nitzschia palea 100.00 0.51
fif e M Je/NIR#E Cyclotella meneghiniana 92.31 4.49
ki FHE#E Navicula sp. 92.31 0.55
fif: e RENHFF BB AL TR Synedra acus var. angustissima 92.31 0.61
ki GRS HE Cymbella affinis 84.62 1.67
fif e S/ MBI Licmophora abbreviata 84.62 0.05
Tk FERANEBEHEZ I AS T Melosira italica var. curvata 84.62 4.77
fif ZFFZEILIE Nitzschia paradoxa 84.62 0.75
fik e LB Stephanodiscus sp. 84.62 1.01
fif WA BE Cymbella tumida 76.92 1.05
L B M Scenedesmaceae armatus 76.92 0.20
k3 B I8 XUE B Amphora ovalis 69.23 0.61
Tk WKL T BT 25 AP Aulacoseira granulata var. curvata 69.23 3.34
fif BRI EBERE M/ INERD Melosira italica var. tenuissima 69.23 4.42
Lk T IEME: Scenedesmaceae dimorphus 69.23 1.00
e Hll/NREE Cyclotella comta 61.54 0.12
fik e T3 MIE#EE Navicula dicephala 61.54 0.21
fik e REATEE Synedra acus 61.54 0.21
kB HREMETFT3E Synedra berolinensis 61.54 0.14
2012.5 ik i Wik Y EE R Aulacoseira granulata 100.00 30.38
(3 B Scenedesmaceae armatus 100.00 3.30
y’ 3 5 R AR g il
R MEJE/NIR#E Cyclotella meneghiniana 92.31 2.46
£ HBEWHEIEEE Hyaloraphidium rectum 92.31 0.22
LR SRS Scenedesmus opoliensis 92.31 0.35
E FHE#E Navicula sp. 84.62 1.74
LR FHAEMEEE Scenedesmus obliquus 84.62 0.85
Tk E1 478 Synedra sp. 84.62 0.28
8 VU T Crucigenia tetrapedia 76.92 0.45
i ERSE Dictyosphaeria cavernosa 76.92 9.12
W /N2 8 Merismopedia tenuissima 76.92 0.35
SR BHI 0 S5 Monoraphidium komarkovae 76.92 0.34
Lk AEULESE Palmella mucosa 76.92 0.41
i TIEMIE Scenedesmus dimorphus 76.92 0.64
fif: e REMHTEE Synedra acus 76.92 0.21
SR 4 B3 Actinastrum hantzschii 69.23 0.27
i Wi +5% Crucigenia apiculata 69.23 0.47
fif: INFFE#E Navicula subminuscula 69.23 0.12
Lk B+ T B Crucigenia fenestrata 61.54 0.28
fik e HH /N Cyclotella comta 61.54 0.32
PR BF:IE M Euglena cylindrica 61.54 2.29
2012.8 fiE e Wik Y BE W Aulacoseira granulata 100.00 42.96
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i i) [BES 4 I/ % M %
fik e Mg Je/NEREE Cyclotella meneghiniana 100.00 3.24
2 A VUEEBE Palmella mucosa 100.00 0.74
E23 ] BEPHESE Scenedesmus armatus 100.00 1.69
y Sh el A& AR 27T )
i ggfeﬁﬁf fﬂjjjj%f jljoz?lariensis f. bicaudatus 100.00 0-58
R FAIEMET T3 Synedra berolinensis 100.00 3.88
it WINTFBL8E Merismopedia tenuissima 92.31 0.55
R JHE#E Navicula sp. 92.31 0.81
WisE LEAEREE Oscillatoria chlorina 92.31 0.33
L ZIEMEE Scenedesmus dimorphus 92.31 0.42
Tk R EHFF#EE Synedra tabulata 92.31 2.26
fif: e TURL B BEA R AR AL granulata var. angustissima 84.62 2.08
R REFFTHE Synedra acus 84.62 0.28
L PR+ 73 Crucigenia tetrapedia 76.92 0.17
REE HLHH/NIRSEE Cyclotella comta 76.92 0.48
SR ERLWE Actinastrum hantzschii 69.23 0.19
PR [ MM Euglena cylindrica 69.23 0.94
fif KA EBEIE N Melosira italica var. menuissima 69.23 0.71
Tk AR SEEBERE Melosira varians 69.23 3.16
L 555 B Monoraphidium komarkovae 69.23 0.10
fif e B A ZEIEWE Nitzschia closterium 69.23 0.1
Tk B2 ZE W Nitzschia palea 69.23 0.17
L BHEMSE Scenedesmus obliquus 69.23 0.19
SR IESMEIE Scenedesmus opoliensis 69.23 0.09
L AETR U HE Tetrastrum elegans 69.23 0.07
Tk kLB BEVE S SR Aulacoseira granulata var. curvata 61.54 1.47
3 Wi+ % Crucigenia apiculata 61.54 0.22
R LRSS Euglena gracilis 61.54 0.89
3 T Micractinium pusillum 61.54 0.23
i Wi 3 Oscillatoria fraca 61.54 0.18
2012.12 fik e M3 Je/NEREE Cyclotella meneghiniana 100.00 3.39
Tk I BBV i LS R Melosira distans var. alpigena 100.00 5.31
ki FHE#E Navicula sp. 100.00 1.22
3 BB Scenedesmus armatus 100.00 0.97
Tk MR A% Aulacoseira granulata 92.31 33.95
i TR L BERE N FP Melosira italica var. menuissima 92.31 16.36
SR T IEMEE Scenedesmus dimorphus 92.31 0.30
E I MREHATEE Synedra berolinensis 92.31 0.57
£ DU+ T8 Crucigenia tetrapedia 84.62 0.54
L HiBEWEEEE Hyaloraphidium rectum 84.62 0.18
LR AL UL B Tetrastrum elegans 84.62 0.11
fif: e WOk BB AR A, granulata var. angustissima 76.92 2.10
L AEIULESE Palmella mucosa 76.92 0.42
Tk B FEBE Nitzschia palea 69.23 0.25
R REFFTHE Synedra acus 69.23 0.08
L B ST Y- Ankistrodesmus falcatus 61.54 0.05
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I fi) [RES iR IR/ % PEFSE/ %
LRI HA T Crucigenia rectangularis 61.54 0.17
Tk Hilli/NREE Cyclotella comta 61.54 0.28
AR R AR
Ik -
R Pediastrum duplex var. duodenarium 61.54 0-82
LR RYNMEBE Scenedesmus acuminatus 61.54 0.10
L SERITRAZE 8 Spondylosium pygmaeum 61.54 0.85
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Fig.2 Time characteristics of total species richness of phytoplankton
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Fig.6 RDA two-dimensional descending map of the number of phytoplankton species and environmental factors
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