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Temporal and spatial pattern of the phytoplankton biomass in the Pearl

River Delta
WANG Chao, LI Xinhui, LAI Zini* , ZENG Yanyi, GAO Yuan, LIU Qianfu, YANG Wanling

Experimental Station for Scientific Observation on Fishery Resources and Environment in the Middle and Lower Reaches of Pearl River, Fishery Eco-environment
Monitoring and Evaluation Function Laboratory of the Pearl River Valley; Pearl River Fisheries Research Institute, Chinese Academy of Fishery Science;
Guangzhou 510380, China

Abstract: To test the hypothesis that species composition and persistence of phytoplankton communities in nutrient rich
lowland rivers mainly depended on physical factors, the temporal and spatial patterns of the phytoplankton biomass were
studied seasonally in the Pearl River Delta during 2012a. And its correlation with physical and chemical variables was
analyzed to evaluate the key factors and then to display the interaction mechanisms. Samples were differentiated by nutrient
level using self-organizing map (SOM) , and two apparent different water qualities were found in the present finding. One
was characterized by worse than level V of water quality and mainly composed by Zhujiangqiao , Lianhuashan and Shigiao
where located near Guangzhou city, and the other was characterized by falling between level Il and IV of water quality and
composed by the other sites. During the investigation, the 383 taxonomic species (including variant and derivative) from 7
groups were identified. The results showed that the diatom ( Bacillariophyaceae) and Chlorophytes were most abundant and
they were 41.78% and 29.24% to the total numbers, respectively. The Euglenophyta and Cyanobacteria were subsidiary.

This structure pattern was similar to that of the downstreams of Xijiang River and other large rivers in the world. 39 dominant
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species were listed in Table 2, and Aulacoseira was the base member of phytoplankton communities around the studied area,
for its domination throughout the whole year. Only 3 species showed both high biomass contribution and high occurrence,
and Aulacoseira granulata var. granulata was predominant, and the benthic diatom Melosira varians and lentic green algae
Dictyosphaeria cavernosa were indicator species of drought period and flood period respectively. Seasonal distribution patterns
of total biomass were high in drought period and low in flood period, which was mainly related to the dilution by water flow
and the sedimentation lost accompanied with high transparency. The spatial distribution pattern showed increasing trend from
southwest to northeast, which was in accordance with the spatial pattern of nutrient level and the spatial pattern did not show
seasonal difference. For the relative contribution of different groups, diatom was predominant and contributing 80.56% to
the total biomass, Chlorophytes and Euglenophyta were subsidiary. Diatom seasonally predominated in drought period, but it
was challenged by Chlorophytes and Euglenophyta in flood period since their influx into main stream from dead zones, such
as reservoirs and shallow waters in the river basins. PCA analysis also showed that Chlorophytes and Euglenophyta were not
correlated with nutrients but chemical factors. In addition, seasonal variations of relative contribution in different sites were
also influenced by salinity. In conclusion, physical factors, including water flow and transparency, could not only influence
the seasonal variations of the total phytoplankton abundance, but also impact the relative contribution of different groups in
the community, while chemical factors mainly determined the spatial distribution pattern. In addition, salinity could also

affect the communities of several sites.

Key Words; Pearl River Delta; river network ; phytoplankton; biomass; temporal and spatial patterns
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A LIRS RISESE 32,5 A REE ISR A 7 Fh B0E 3 Fb H 3 2 FlORIBEYE | FhALRL. 8 H Rl¥E FISRTE 04 L 35 Fh 4 A LL 14
8:5, MAMA I FERLEE | Al (K 2),

23 (A5 AR BR  BEES ) M A PR R s 7 A DR AR 2 R, fe/IMELH BRAEBR VIR, 4 Bl (B3 Rk e Ak e ) i T SEE 4K
LU R A A A IS 5 R T N 328 1 IR 3 57 () DR A 2 R o, SR KB IRAE B L, O 14 s 20 BB 6, B i A 4 g
FREAL  EIAFR Z B SRR SRS (R 2)
2.4 AYEAYETES SRR
241  BAY R R A 53 BRI S AR

SR TR KR T AR K PRI A9 AR BITE D 0.7359—1.8573 me/L, YA 1.2412 mg/L, S KfE
WAE 12 A6y f/MELIAE S A6 (F 3) . B R RN RO SERRSE . MK RS0 H 4 LA 90% , 327K
SRPEAEREA B B AR (R REIE AT 60% . MARXTALRE , S AEREEIN (5 & 4 Lot 80% , SR L 10% , BBEL) 5%
(E3),
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Table 2 Composition, contribution and distribution of dominant species

¥V Station

3 H March

5 A May

8 H August

12 A December

L3

patls

Zuotan

SN

i

I

/N

JLiE

THURL T 4% 5 J5E A Aulacoseira
granulata var. granulata (45.38) ;
A5 5 H BE W% Melosira  varians
(11.01) 5 i BE 4 ¥ J5 5 R
Aulacoseira ~ distans ~ var.  distans
(6.38); & 0 5% ¥ Cosmarium
tinctum (6. 38)

TR LB B R ARl (39.29)  AE 5
THEHE(19.76)

75 SV (30, 36) ; JURL T e
JRASRI(20. 67) R M HEERS
{758 Aulacoseira italica f. curvata
(15.50) ; ¥t B T 4% 3 S AE Fl
(6.72) 5 TURL B HE 3 W B2 A5 R
Aulacoseira granulata var.

angustissima (5. 34)

AR HBENE (31.50) ; kL G
JFAER (14, 14) 3 2 R 20 355 5
AHh Aulacoseira italica var. italica
(10.90) ; B B 3 25 th A8 Y
(7.07); it BE B ¥ 5 Fb
(6.06)

ARG HAESE(23.51) s B
WA AR L (17.24) ; TBORE ELBE
JRASRI(13.79) 5 SR HBESE b
A5 Fft - Melosira  juergensii  var.
bothnica (7. 61) ; 7 K 1 55 % R
ARFR(7.52)

A SR (50. 11) 5 0k B4
%xﬁ@%%fﬁﬂﬁ%%?
EFl(8. 82)

TR T B SR (28, 12) 3 A8
H%@lsﬂ,%fﬁ&@qﬂ
A5 Ff Aulacoseira  granulata  var.
curvata (7. 12) ;C 1 i S A5 Fif
(6.20)

A5 S EREWE (30. 86) ; WOk ELAE H
JFUERI(18.86) s AR Bl
A B (6.43); 3 & B W
Cymbella affinis(5. 36)

Uk P BE B U B (8.95) 5 R
PR Euglena acus(6.71) Ranared
¥ Euglena gracilis(6.71)

[ Gonyaulax sp. (15.40) ;fa
¥ Anabaenopsis sp. (14.45) ; i
i ELAE W JE AR Bl (10.27)  F IR K
HEH(8.55)

UKL ELRESE I (12.20) 5 BB
B Dictyosphaeria cavernosa
(12.20) ; #% FF M ¥ Scenedesmus
armatus ( 7.02); — f 4% B W
Pediastrum duplex (6.10) ; % H
Peridinium sp. (6. 10)

DR L W SIS Rl (20, 88) 5 PR
W(16.24) s FHR SR HE (11.60) ;
B (6. 96)

OOk ELEE B AR (74, 01) 5 R
% (6.08)

TR B B A (12.90) ;8 5
FAER(11.90) ; BRJE 3 Cocconeis
sp. (11.90) ; FJE 8 Navicula sp.
(9.92) ; 5 KA HHE 5 I A8 A

(8.93); Bl K & % Euglena
cylindrical ( 8.68); £ 41 # ¥
(7.44)

Mwﬁzzﬁ>%ﬁﬁ%#ﬁﬁ
Fi(12.74) s B IR (5. 66)

FIEREE(27. 47) ; BRF L BE B
AERR(10.30) ; AR A SR AL
ft Pediastrum duplex var.
duodenarium (6. 87) ; —fi 1% & ¥
LY AE RN Pediastrum duplex var.
gracillimum ( 6.87 ); F M ¥
Tabellaria sp. (5. 15)

TR T 5 S AR (40, 84 ) 5 1T
M EF AT 3 Synedra  berolinensis
(6.23) ; REREEE Euglena oxyuris
(6.13); 4L F 14 B % Auheya
zachariasii(5.72)

OOk RS B AR N (18.72) A8 5
LR (10.80) 5 TR 15 ek Bk
AR5, 19)

TR P SR o (45.29) s K
FI B BERAERN (7. 55)

POk L RESE AL (31.75) 5 P Bk
BE(7.94) ; B Af B B B AL Fb
Pediastrum simplex var.

duodenarium (6. 35)

TR B W AR R (33, 14) 78 S
FLHE U (8.28) ; MIK AR ER AT 8
(6.90) ; Tk F il 88 W B A%
(5.52); —ff & 2 8 BLFL AR
(5.52) 5 Zff 45 BL O 4F 40 A5 Fb
(5.52); 5 fa 4% 42 9 HLAL AR A

(5.52)
R L B R (57, 92) 5 2B S
HHEWE (5. 45) ; MERTEE (5. 45)

%ﬁﬂ%&ﬁ*ﬁzsm>xﬁ
M (10.94); A 5O ko
(5.63); TEJE/J\IW 5.63)

TR L SR R (40. 63) 5 F 1
EFFT 3 Synedra tabulate (12.70) 5
FA% MR T3 (10.86) 5 10 5K 35
(10. 60)

TR B SN
Aulacoseira italica var.
menuissima ( 27. 18 ) ; i BH
HEREIRAE RN (25.49) miE H
HE W B 1L A B Aulacoseira
distans var. alpigena(8.40)

R R HE W /N AE A
(39. 64) ; TURL 1 45 i S A5 i
(29.09) ; 6 1 6l 8 oy 1L AR
Fli(6.69) s HFJe/INAHE(5. 09)

S B (31, 54) s UKL
BEWR RS (23. 83) A ik
J& ¥ Bacillaria  paradoxa
(9.81) ; TWURL L 9 25 i 72
f(7.01)

- X N
(52.84); 74 & H B %
(7.69) 5 328 B 1§ 3 18 L 2
T (6. 66 ) ; MURL B4 B A%
AS T (6.66) 5 HLH: R 35 3
Surirella robusta(6.41)

=N R
(49.04) 3 KT ELAHE S5 2E
Fi(19.22) ; Jokr B 88 RS
Fh(9.61) ; 7t M ELAE 8 & 10
AERR(8.33)

Ok HAE IR AR (53.22) 5
KR B EERN (7. 43)

TOURE EL S BETR A A (26.59) 5
KR I BE R AR R
(18.24) ; o0k B S P AR
Fili(7.90) ; i HE 6 W L0
AR (7. 60) 5 B K T 4
/NERI(7.50) 5 M /N IR
#(5.32)

WOk LSRR AR (32.34) 5
oH A OBE W Rl AR R
(17.25) BRI HEEBERUN
*ﬁlAB
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¥\ Station

3 A March

5 A May

8 H August

12 A December

il

3n)

RITHF

itk

75 B HEE (30, 86) ; Uk 7 4
JEASFP(18.86)

ERA A WA (19.65)
R EHESE AR (19.06) ;8 716
HEWE(18.76)

TR BB IR D (42.56) ;15 )E
IN FR B Cyclotella  meneghiniana
(37.712); ZH R &% Urosolenia
delicatissima(6.75)

OOk 5% B IR ARl (62.98) s K
R ELHE S IS Bl (19, 65) ; Ok B
SRS AR (12.71) MG JE /NFR
W(11.74)

TSR e B (47.74) 5 B OR
W % %  Dictyochloris fragrans
(10.29) ; PR 2 ML Hantzschia
amphioxys(6.69) ;

Uk BB 8 SR (15.21) 5 B ER
W(13.52); VI (6.76) s B
M (6. 08)

TUR: ELBEBR LR (37, 67) 5 25 3R
¥ Eudorina elegans (13.88) ; [ Bk
H(9.26) ;HJe /DR (8.96)

Tk ELEE SR A5 R0 (69. 27)

OOk ELHE B TR A5 (85. 08)

OOk ELAE B R AR (32, 32) s R
#(6.16)

OOk ELAE B AR D (53.55) 5 R
#(19.99)

OOk ELAE B AR R (41 66) 5 25 BR
WE(9.42) ; Bk (8. 69) s #f e/
WEE(6.88) 3 HEF AT (5. 21)

R FLBE S AR (35.20) 5 5K
W(22.23)

OOk ELAE B IR AR (73, 24)

OOk B8 B R AR R (61.53) s M2
INREE (6.75)

31 e

HHJE W Amphiprora alata
(54.81) ; FERH H HE B/
ASFR(12.10) ; 0k B 5 I
AEFH(10.25) 5 FIERHE(S. 69)

TSR, 1 52 AR 7 (60. 96) 5
BRI H RE W E AR R
(12.92)

TR PR JEUS (79. 54) ¢
sk (5. 97)

WAL (57.59) ; WOk B
BIFAF(36.07) 5

OOk E S BERARA (54.41) 5
H3JE /MRS (10.95)

250G L AR AT 0.1781—8.4702 me/L, B{E 4 1.2412 mg/L, e RAE L IAERRTTAR | S/ IME 30 AE /MK, P
VhAIARZE 47.56 %, TN R A AL (BRITARFNEAE L11) A A= e P08 A 8 v T sl o7, SRR VO VT T 45 s (75 0k 22
AN BRIV ) BO BB A, ke AE2S 18] b A B R 40 LU BRAESEAE 1 (96.23% ) , Fe/IMELH BRAE LTS (47.99%) . &
U AL B 4 3 AR B S At o i e B S (R 0 3, T sk PR 67 A R 14 43 E 43 IR T 60% A1 50% (& 3)

L Iwe [T sy DN %% D+ B 2o

20 ¢ RRZE R AW R o L AU LR A A R4 S -
3 16t 277 4: %
2 )
g 12 277 27’ 08
g
@ us»ZZr 0.6
s 04
¥ o4 02 E%
0 ‘oom. )

A JTRE AR BRI AL T ES LRt Bt
=N N E=N_ l-.—- = =
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Fig.3 Temporal and spatial distribution of biomass and relative contribution
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mg/L, BB R 1.8573 mg/L, 551K A0 YA 43 500 1 302 22 Wk A

= K
B e

5842 R ¥ O 33 %
2.4.2  ZS[AI53AR 0 2275 RRAE BOAH XS 2H B 12
S W R AEAN R 1S 1S ) 43 A0 4 R 5 A AE S (A 1Y 25 () 43 8 g zg H‘I
AT Jri— 34, B (E ANV S (638 43 530 Hh AR SR VT AR A AR L, T 4: mm sH J
o IR AR R AR A 347t A 328 225 T M A R 3 o7, DA PG VLV 4kl 5 mE A
RmZ(E 4), 3 A IERE K 0.0917—7.0625 me/L 3 5,
7 0.9858 mg/L, SARAEFAURARAE 43 3] 1 B A 7 e PO A%, 5 i@% 1.0 -
B AEAL I N 0.1049—5.0410 mg/L, ¥J{H H 0.7359 me/L, #x bl é
PRAE AR AR AE 43 530 1 BRAE A AR . 8 A 0 i AR fb Y Rl oy 2 05|
0. 1250—9.7148 mg/L, ¥J{H H9 1.3859 mg/L, Ft AR AH AN AR A 43
B BAEZEME AN/ . 12 H A B9 AR AR L D 0.1238—12.0625 0 M
=
®

i

AP A (8] 50 A B 1 RR AR AR, BRI TS B
AT ) fre i (6 HH BRAE 8 F A, L 9 A5 3l O 1) i s {EL 4 14 B
TEAGZKZET (P 4) o A 107 0 S0 £ 980 A 3 437 (438 DU T3 26
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Fig.4 Seasonal characteristics of the spatial pattern for biomass
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Fig.5 Relative contribution of different groups to total biomass

iR

K SRR A 90 ek 34 X B3 008 7 ) JEC P TP AL A 0 R R SR AT 2 P [T UL 20 A7, B 2 A7 A T 35 3 SR TE AR 9 G

Z(E6),

http : //www.ecologica.cn



18 1] Tl S BR = AR VR A ) A B e S SRR 5843

2.5 FEEAYESHENTFRXR

Jif Canoco BPERT 5 ATRIWERTYIATE (BESE G000 B0 ik O 01123+ 0.8998lex . o
AT SR BER A= W i B 1T R 3 B 43 BT ( DCA) L, £E [ r=09765 n=52 P<0.0001
JTAS B AR AE S 43 2 B 4 ASHEF Sl b sl BE R B /N T 3, B I
A3 HT 0 PR AR TR v Y [) B2 60 BE 70 AT PCA RS 345 B2
KRBT PCA 4RI (B 7).

HARBEA YA PTEH S— 5 T HER R A A e RECH
0, 2R B WA T 2 05 B I ST 1) 5 TE R B8 IR 740 B T
K& AR ARl 5 A TR B 94.8% , S2WTST 16 FhIASE N T A 56
RIRES(E 7, 3), TRIFHEY LB AE Y S — A HEF
H5HXBHNFE—DHIT A CR IR 0.96; KAy S .
WEERETFE A H PR A SC RO 0.74(3£ 3) ,iX F B PCA R A
ST LT LA MR A i S R PR T 2 I R Biomass of true phytoplankton/(mg/L)

ZEBEIA Y 5 R BN, Rl AR AR i 1 O R U, W AT 6 EEEYAEYESEZREMENENEEXR
XFST SR MR AL BRI C R B D), ANEIZEHES 2% F Fig.6  Relationship between total phytoplankton biomass and
FHXRER, BRHESAIN 22 E T 54 2K88E WA 5)  true phytoplankton biomass
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Fig.7 Ordination diagram of the first two axes of principle correspondence analysis of phytoplankton biomass and environmental factors
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T PR BEVE (OB 5T 456 Bl I 7K Sk AL S b 0 B 25 A A IR0 (35 2) , BB SR BR VT AP T T /K Sk 77 e b M B R L R AR SR P L T
N ARSI A2 Z A SR R, R % e SR o AR K Sl 14 o R LA A 33 5 R A T L i ) P T A DR B eyl
P iR BRI K o Ok BB S A B ST S5 AR £ . AT 43 A K A UKL T 8 I8 A 7 K R4 A e
Z N, FEAFEE T8 TR RIS A R T T A B G Rr e ab 7, DL L BRI 0 R G4 1 25 4 T
DA 26 F K AR BRAE T iy K 09 S T VR FH . 4 ) oA L, J0UKE B 6% 988 I 738 Ah 7R BR VAR AR A8 L B9 L 3 e K, BRI TE T
(1) 53PN 7 AR B 3R O, IR I 5 1 3 b DG YT 0T LA 8 235 18] A AR FT 4538 1) — 830, B M o 3%
PR A R BT e A D38 207t S Bl Tk — a5 (2) (PR 7 A2 19 5 R A, R R I S TR R R VT O A
g2 IR T R T e B — i S R, P P T IR OK B PCA T A R R T R SR AR AR IR M C G R (A
7) 3 (3) BB IR 1 B2 X6 IR 58 S e oh I 2 T R A e 40 v R SR R S AT AZ A O MR R B, HL
FARSRAEAETEG T1 o SR I AR AL AR e 28 T R VTR A1 AL L AR DL SR A i I 1) Z AP B ARG, JIEAT R AR S
BB SR VA A K I BT A s (Y DR FA Tl LA S 3 it By 32.69% AR T 0k 1 B e J A2 i, HLLAERG 7K 3 A
A3t B35, 2 NS — s 3Rl 2558 S B e A D VT R WO o A AR D AR S B e A T RS ER VT R R U
4 T BT R i, AR 3R 2 KA v 4 A 32 0T 7K 3 3 ae AR v T 7 A K R sl (i LRV R A5 SR, B T R S AT 2 Bl
S T LS I Z T RHIE S VLR IR B T 45 SR R — B AR T RE S TR K KA B AR I b 4 3
R R A Bl DA R VR BRI /K ZE T KA T i R AR SR R AR AR, R T A B K AR i R
Do o e ke P IR = O S AR RS 0 R 30.77% , AR T8 53 BAE o, FRAE KT FoRL . T
PO R WK AR A b b g ARER AR PRt e 32K Z 0 A PR SAAR AT B8 J2 T b i K KR 5 TR R AR LA R 2
TR I 2t AT I 7K 38, 3 AR L LT P AR D280 g e BORY T D A el A A O A A R A 0 ek
Sy BIAEARR K ZET K BT IR OR Y, B AT R SR 1 3, BRI A T8 A K Sl 5 AR Sl 5 7= M b

R T B B AR M A 1.2412 me/L, 55T 1981 4EHY 0.9892 mg/L, & T 1982 4ERY 2.2662 mg/L™ , T 20 t2t s =
I B VR A U SR UT BR VLI 1K a8k, I AR AR P VLR AR 7, B R T RSB M T M A 45, NS 2 A4
AR . MK BE 20 20 80 AR BRYL = A P /K ST PEAN 25 38 Sy v BE VS e, AR ST 25 SR B, a4 K i is
JeROLOA T E—E RV 4, B A, 3 5 A28 s s i 25 WA G
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