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Fig.1 Location of the phytoplankton sampling sites

at Chaozhou section of Hanjiang River
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A ENE B ERAE T A S RO E S
ARG AT (AR BT B5,1990) o [RIRAE 1
{143 A7 AP B8 AR R /N (<5 k) 5 B2 T 4248 W M)
IKFNHR AL b i B 2 A IR B, Ge vk Bl BUZ T B
KR R

SE AR 2 LA PR K HUK 6 L, %K
FEM B3N EE 25 SIRIFAEDIMN (64 wm)id 3,
PLO.1 mL V7 30 A5 4 1F BONE TF B0 (F SRV B AR K
1991). & M RAEH 25 512N, Z O E
B IR EEHLTE ) , 7E Nikon E100 )62 & Mg #4740
HR I 73 55 58 (FH PS4 FNERED L2,2006) o
1.3 KIMEIEFRNE

FH W& A HQA0d XUE 18 2 240 43 B AN AE RAE pit
SE KR AR AE S ER L /KIR  H 5 3R OR pHL s Y 28 QAL
SEFEWRE , FH LGY -1 L 3 e A I & Atk

2 2K HF K% HF B - NH,-N.NO,—N. = £
PR R FR B 52 , R FH WA 40 HI83203 Tl HL i 22 S 5 55
TP E A 5 7K R NH,—N FITNO,—N, 54 B8
i B0 K T ARG 0 2 B ORI 7K W 00 43 A 59 )
(FE F IR R, 2002).

1.4 HIBRSH

1t Excel Gt M 4 B | LA FE , DPS 9.50
THEIR U A A 2 FE 48 EL, SPSS 19.0 4 T iE# AE 4
5 KRR F i) Pearson #H 55 5% & , X H Canoco5.0
X A AV A A A 3l 5 K R DR AR O Ok Rt
ITILR A HT . X E Q) B (D a4,

Shannon—Wiener % ¥ £ 5 £ (HD < Pielou 15 2] J& $5 %

(D FI Margalef & JE a5 (D) THE A X CEFHFITK R

[#,2000; F [N %% 2011;Siham et al, 2019)41 | -
0 = (n/N)X100%

Y = (n/N)%f;
S, n

H= -;; log,

J = Hllog,S

D = (S - 1)/log,N
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Tab.1 Water quality evaluation standard of

i
n

© e © e

plankton biodiversity index

M&' LR RSR BRSR o-FisR EER
H >4.5 4.5~3.0 3.0~2.0 2.0~1.0 <1.0
J >0.8 0.8~0.5 0.5~0.3 0.3~0.1 <0.1
D >6.0 6.0~4.0 4.0~2.0 2.0~1.0 1.0~0.0

1.5 FTTHEE

PA 124> H PR A ) b SR AN e A R i e
FiR% , H Bray—Curtis ABU: RECH IR 2 H 4 2 7]
HARAAERE R . >R F 55 20 3R 2R (UPGMA) I 73 2K 0772
AR 25 2 Y by B2 HEFPVE(NMDS) 73 i) B i A
VIR BIZE TTRRHIE . AR A EZECQ-4 D .
HEG-7TH)MEG-10 D AZFEA1-1 D, &%
For T AN NMDS ~F T B o AT 3 A R AR [ ) PR B AR
FHARAREFE s TR, A AURE FE R . AP &R
#4 (Stress) £ 36 NMDS 43 # 45 3 (19 It % (Clarke &
Warwick,2001; /8 /MESE,2016)

T I AR AU 2T (ANOSTM )G 36 AN [1) 45 i 8] F) 22
S, H N BT AL IR A S LR BT
A7 5] P SRR AR AL 22 53 FH R 3R, 84 N -1, 1]
(PR/MHEZE, 2016) o ] SIMPER (Similarity Percent-
ages) 7 15 o0 AT A3 AV e R A ok % 2L P P AL A 0 2 ]
R B35 DTRR 2, 4 DT R F6>5% I IR A 5 X
N BRFAEAT s 0 RO A R I R ) AT SR
HEF bt A BV 4589 73 B F PRIMER 5.0 8CF 69
(Plymouth Marine Laboratory, UK)5¢ ..
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Fig.3 Monthly variation of phytoplankton

species composition
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Tab.2 Phytoplankton dominant species and their
indication of pollution level

. AHXS WL e TS
i . . K
UL s sEme P gy
TIOR8
. 8.27 100.00 0.5446 a~B-ms
Melosira granulata
WR e
7.12 41.67 0.4035 p-ms
Cryptomonas rostrata
RS AR T
6.18 91.67 0.3038  B-ms
Gomphonema angustatum var.
Pl B
o . 3.77 100.00 0.1131  a-Pms
Fragilaria capucina
RIETE
3.77 3333 0.1131  B-ms
Chroomonas acuta
EhASE
3.66 50.00 0.1069 B-ms
Cryptomonas ovata
AR S L
. . 3.35 100.00 0.0894 a~B-ms
Melosira varians
M o s
3.35 50.00 0.0894 o~p-ms
Cryptomonas erosa
NERHE
) 3.25 91.67 0.0839 o~B-ms
Chlorella vulgaris
AT
3.14 41.67 0.0785  a-ms
Oscillatoria subtillssima
TRTDRL V) 7 T f 7 AR T

) 3.04 100.00 0.0633  a~B-ms
Melosira granulata var.
2 B-ms AP E TR, a~B-ms A E EFRA, a-ms HEE TR
Note: f-ms is mesotrophic type, a-B-ms is medium eutrophic type,
a-ms is eutrophic type.
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Fig.5 Phytoplankton abundance at the phylum level
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MR A5 W17 & B 77 2K R DR U A 40 R A A (00 B
4 2005), WM L BOK B T RHEFR S AT E
FrA,

2.5

W] WK wERET] wIEEETT wRETT w B

Abundance

FREE/1004-L

B N N
Ao o g o oo o Vo
I i)

Time
E6 FilFEYFEER R AR
Fig.6 Monthly variation of phytoplankton

abundance

2.4 FHFEY S

i VT M BV U #5L 4 Shannon—Wiener £ B 1
B (H) 18 79 4.40(3.14~5.08) , 2019 4 3 A &1,
9 3.14;; Pielou $5 5 F 411 # (D) #4118 5 0.87 (0.69~
0.99) ; Margalef =F & & 48 £ (D) #5524 5.08 (2.60~
6.85)(FE 7).
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Fig.7 Monthly variation of the phytoplankton

diversity index

2.5 B{IstR

HAEHI R KRBT AR (GB3838-2002) , #hi T
MBI R R EhFE A VA AR A B AL IR 5 R
BUEIAE T ZOKTEE N o KRR AR L3R 3.
2.6 FFEYSKMEERFRHEXER TR

TF I A E B 5 K PR B R 1) Pearson A8 ¢ 14
AT R, BT B S s (FR) & & 3 IEAH ¢
(r=0.768, P=0.011) , 55 i% B & (SD) & M 2. 35 1E AH ¢
(r=0.872,P=0.002) .

DLV i AE DA 35 M (Y=0.02) I AE W B 5 & H 4
(11 AH S K R IE R 7 32047 LA (RDAD 43 BT (€1 8) o
g5 IR B, RDA 28 1.2 Bl R RRAEAE 43 1 5 0.4632 .
0.2777, FL MR T S VLM BV A 5 8 S 50
98.4%, 55 1 il A ER 2 Sh s e A ) A 34 5 /K 3R 55 [
T MR AR S HA B T 0.999, 2 B B 1R 58 9 H o5
P, 17 BH £ (SD) A1 AE 245 28 (NOL,—ND X V5 i A 0 A1
A A K, HLS A O (P<0.05) , K053 35
Pl 3% B R R OEAR GG R, 5 A 25 05 I fAH 56
KFR. PLFEE T AT (S8.89.S10.S1D) [l 4 Fh 5
FR.pH.SD 2 IEMHR R R, S5/KIE (WT) 2 fiAH %
FRo REVED]HR R VA BEE (S2) 5 3 (SAL) B IEAH
KKER, 5WT EMARRK R,
2.7 BESIRBEFE

MBI MIRM, A 12 AN A A 2 A
B, BB TAFE 2019 E 2-7 H KB 155 2019 4
8-12 A 12020 41 H (K1 9-a). ZKEFT X BEE N 5T
R 2K =5% B AP A 50 i e AT ¥ (Fragilaria crotonen-
sis)~ Bl ME AT FE 92 EE AT (Synedra acus)- Ui 22
(Planctonema lauterbornii)~ UKL 75) B8 3 45 7 H 5%
5 T T HR 6 VR N DR 5% IR A 0N 1)
TR VA B B 7R AR A S A T G B L)
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Tab.3 Water environment factors in the Chaozhou section of Hanjiang River
AL FEbR RIS TE
2 3 4 5 6 7 8 9 10 11 12
AR £l /mg L 218 349 341 197 223 222 229 331 446 435 246 217 2.88
A /mg- L 0.14  0.10  0.09 0 0 0 0 0 0 0.01  0.11  0.04 0.04
FER AR /A -mL! 3.6 >1100 23 150 93 23 <30 43 <30 36 <30 3.6 42.85
Z W /m 095 073 035 075 035 053 065 040 102 090 1.85 1.80 0.83
WA E/mg-L! 1003 823 7.9 731 712  7.04 775 660 889 748 888 9.90 8.04
JKi/eC 198 215 251 262 276 295 311 300 300 242 218 217 257
pH 842 795 773 815 814 819 817 816 809 798 829 85I 8.15
#hE 008 006 005 005 004 004 004 006 005 006 006 0.07 0.06
Widk/em-s! 003 000 002 000 000 005 002 009 022 506 3.14 3.06 0.98
WA % /mg-L! 006 0.9 008 003 00l 001 002 000 00l 002 002 003 0.04
AL 5% /uS cm! 151.1 1126 1038 1047 342 985 1103 1044 1319 1295 1263 1325  111.6

W CREERSE. REISUNESR RN
86.95%, X JEHE (8] 22 57 5T HR 3 5% [ A KA BURL A
B A AR AR R
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Axis 1 1.0

COD,,,: R R+ $8 40, NH,-N: &%, SD: i W £ , DO : i S &
WT:7K75‘1ypH:E3AZWEySAL:%:’;_EJZ’FR:‘JJItLj;*yCO:"ﬂﬂE‘%’NOZ-N:W
TEASE o STBMEAT 75 , S2: UKL VA B 5 , S3 « JHURL V) i i I A% B ol
S4: AR S LB, S5 4 A E AE K AT, S6 - AN BN EE , ST NER TR ,
S8 MR, SO IR FEE , S10: UI T FE T, S11 - AR B 5 Py

E 8 FiEMAEMEKNEEFTEEH RDAHEF

COD,,, : permanganate index, NH;-N: ammonia-nitrogen, SD: wa-
ter transparency, DO: dissolved oxygen, WT: water temperature, pH:
pH value, SAL : salinity, FR: flow velocity, CO: electrical conductivity,
NO,-N: nitrite nitrogen, S1: Fragilaria capucina. S2: Melosira granu-
lata, S3: Melosira granulata var., S4: Melosira varians, S5: Gompho-
nema angustatum var., S6: Oscillatoria subtillssima, S7: Chlorella vul-
garis, S8: Cryptomonas erosa, S9: Cryptomonas rostrata, S10: Crypto-
monas ovata, S11: Chroomonas acuta

Fig.8 RDA ordination of phytoplankton dominant

species and water environmental factors

NMDS HE 7 (1) 5% 2 208 0.14, 3% B NMDS
I Y SR RS R AT A2 . BRI 2 44
TEAE NMDS & - E % 77 b b 22 FILZE 2 S ASTE] 1) X 3k

o AR S BE TR S BE T 9-b). ANOSM % 57 i
FERS 6 45 B R, r=0.887 (<1), P=0.002 (<0.01),
R 2 BB M2 R R

#20194E8-12 HA120204E 1 5 20194£2-7 H
[ Z R B (H D) AT IO FEAR TR 56, I 2 4
FHEH) H D 2 (8] 35 47 48 1% W 25 72 5 (P=0.007 1
P=0.002) , 55K Hra R —F.

X 11 P A AEAR A A EAT Cluster K2 (& 10-a)
FTNMDS HEF 23 1 (B 10-b), NMDS HEFF 1) B i 2R 41
N 0.08, 7 B 4 pd B B AT DUAR B M A R I U 1
PV FRIEARALOG R o 11 FRPRIERE A T 2 o AR
ANOSM . & A6 56 45 B 7R, =0.907 (<1), P=0.001
(<0.01), R 2 M RAFAEM B EZ T B A BFETY
TEBEEE  WR BRI Ik T PR O R W v, JLRR TR i
KA. 8B U, /£ 4-5 A H
Bl SR CALHEHIMEAT 5 A5 S B B UKL V) B 782
SR VA) B B 78 A P/ INER R, LRV S DU 2 AL
Flte RHF D A4 AR AR, 72 10 H H I

3 i

3.1 FFEYHNERENFITISETES

- R ) o B () AR 7 S TR R R R AE
RKAES RAEM LA R Jiang et al,2014). FH VL
PN B 12 AN T i R 0 A BT 93 D 2 A R,
ST AL B i A A 2H R 2= T PR SRR .
TLHBAL 7R 7R3, 327K 19.8~30.1C, & A K2 4L
i ey R PR R AR, R R R ] AR T TR IS T T
TESEHE TASRHE I, 6 V& DT R 28 >5% (1) LA P Fl
& VR VR B TN A2 S ELRE S T L AE VR Ui R D B VR
g i, [\ — KA A [F] B 18] B 2 B A7 AE 1 9 40k
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Fig.9 Dendrogram of cluster analysis (a) and non—metric multidimensional scaling ordination plot (b)
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Fig.10 Dendrogram of cluster analysis (a) and non—metric multidimensional scaling ordination plot (b)

of 11 dominant phytoplankton species based on abundance

320 TR 5 100 BH ZE 25 (2005) BT 7T ot A S48 e
&, B R B AR I F8 s PP 3 A8 T 1 e 2
FFAE, 76 (W38 20 B AR 5 L BERS AL A7 AE AN RS 97K
SRR AR b (AR AR R BE, 1990, R ZE 4, 2005) «
U RE AR T G5 R R0 =F B 52 BT AR R 1 K
B 75 A 7% 3R B SL R FH G 9P 45,2003; Jiang et
al,2014 ). I BRI E Y F£ G, FE RN T2
2 1, BT AHFWNRZE I 5P (2014 )%
IL R AR B AL g R — 8. 2 AW &=, Kil
A KRB BN, FIF YA B B RE S
T A A T P A SR AR, L P R A A
%, 15 59.61%, BN EREE % (5 10.10%F130.29%. X
Tl I AEL ) 2 PS5 ) Jl K 35015 ) A I AR A M DX PR T R
BT ALK RIS, IRt ) = B f Ak AR R BRAE
2 A G55 ,2005) T ERIL) M B8 8 42 K
P, HEFEE RGBS A, H 2T BN EE S
KA, FLVZ AR = P A6 RS H S SR 1) o EE AR
KOKRIREE, 2011) o AT, R F FE A
75 3-5 A I — N/ s, 9-12 H H R 0, L5

D] 3 22 5 B VL M B B /K SCH B R AR5 A K
KFAG T Q A M/KEIZE _FTL, Iy
AT e I FE A TR R R ORIE IR 8k, Iz oK
/D O FERE AR TS F KRN B SR ZE AR, 4317
TR B 2t A ZR (UG 2 ) 12T AR BRI KT
6 H &5 2R I & 5O 3 0, KRR, IEER
PR, R BRI B RS , 8 TR KPR RIS, 7K I
B AR TP A ) IR AR 0, DR PR D i A 1Y)
F R A 77 D IAE BB B LI s K 2 ZR 7K X
PR R I ELR S AR R RS R A BN A, Bt
T AL, KU IE L, DR T VR U R A AR AR B T
IREE SRR I A 77 3K K.
3.2 FFEYBEEEMERERTFHXER

T FE S PN 7K BT 1) B AR , Je RAE KA 2T
W22/ ) B AR , BT DU O VR . 2B
FERFART , 222G T R S AMERE , SR
(AN BZBE, AR TR A s FEVETRT A PG AT |
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Phytoplankton Community Structure and Water Quality Assessment
of the Chaozhou Section of Hanjiang River

LIN Xiao-zhi', HU Yuan-ling', WANG Rui-xuan!, LI Dong-mei!, LIN Hong-sheng!,
ZHA Guang-cai', WEN Ru-shu?, WU Xiao-qiong'

(1. Hanshan Normal University, Chaozhou 521041, P. R. China;
2. Jiaying University, Meizhou 514015, P. R. China)

Abstract: Hanjiang River is the second largest river in Guangdong Province and serves as the drink-
ing water source for eastern Guangdong. In this study, we characterized the phytoplankton community
structure and eutrophication status of the Chaozhou section of Hanjiang River, which is the drinking
water source for Chaozhou City. From February 2019 to January 2020, phytoplankton and water quality
monitoring was carried out monthly at 4 sampling sites, focusing on phytoplankton community structure,
dominant species, diversity indices, pollution indicator species and 11 water environment parameters.
Our aim was to provide data for aquatic ecosystem evaluation and water quality monitoring of Hanjiang
River, and to provide a reference for developing a management strategy for maintaining a healthy and
safe environment of drinking water source. A total of 290 phytoplankton species from 103 genera and
8 phyla were identified, including Chlorophyta (99 species, 42 genera), Bacillariophyta (87 species,
21 genera) and Cyanophyta (70 species, 24 genera). While species richness of the diatom phylum was
absolutely dominant for nine months of the year, Chlorophyta had higher species richness in June,
September and October. Thus, the phytoplankton community of the river section was of the diatom—
green algae type. The monthly abundance of phytoplankton varied from 0.83x10° to 1.99x10°¢ cells/L,
with an average abundance of 0.90x10° cells/L. The abundance of diatoms was the highest, accounting
for 47.01% of the total. There were 11 dominant species identified during the investigation, consisting
of 5 Bacillariophyta species, 4 Cryptophyta species, 1 Cyanophyta species and 1 Euglena species,
among which Melosira granulata was the absolutely dominant species. The Shannon—Wiener diversity
(H), Pielou evenness (J) and Margalef richness (D) indices were in the range of 3.14—5.08, 0.69—0.99
and 2.60—6.85, with the average values of 4.40, 0.87 and 5.08, respectively, indicating a slightly pollut-
ed condition. Cluster analysis and NMDS ordination results show that phytoplankton communities from
February to July 2019 was clustered into one group, and communities from August to December 2019
and January 2020 was clustered into another group. Pearson correlation and redundancy analysis show
that transparency and nitrite nitrogen were the primary water environmental factors affecting the
dominant species of phytoplankton. The factors affecting the distribution of Melosira granulata were
salinity and water temperature, and the factors affecting the distribution of Cryptophyta were transpar-
ency, pH and water temperature. According to the environmental quality standard of surface water, the
Chaozhou section of Hanjiang River met the standard of Class II surface water. The diversity indices
also indicated that the water was lightly polluted. Analysis of phytoplankton community structure and
dominant species indicated that the water is mesotrophic.

Key words: plankton; community structure; water environment; seasonal dynamics; Chaozhou section

of Hanjiang River



