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Community structures of phytoplankton and its relationship with environmental

factors in the Lhasa River
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Abstract: An investigation was conducted on the phytoplankton community structure, abundance, functional groups, and
diversity indices in the Lhasa River in August 2017 ; subsequently, canonical correspondence analysis (CCA) was used to
study its relationships with environmental factors. The results showed that Bacillariophyta (60.4% ) was the dominant
phytoplankton, the second was Chlorophyta (20.8% ), and the remaining 18.8% was composed of a variety of species. The
average abundance was 3857 cells/L; Bacillariophyta, Cyanophyta, and Chlorophytaaccounted for94.6% , 3.1%, and 2.
3%, respectively. Few species and low abundance are special characteristics of the phytoplankton community structure in
the Lhasa River. The most dominant species of phytoplankton was Nitzschia. sp. In total, 15 types of phytoplankton
functional groups were identified; MP, D, and P were dominant, comprising 93% of all groups, with other phytoplankton
functional groups accounting for the remaining 7%. The diversity indices of Margalef, Shannon-Wiener, and Pielou’s
evenness were 1.41, 1.77, and 0.5, respectively. The diversity index was not significantly different between the main stream
and branches when analyzed using one —way analysis of variance. CCA indicated that the pH, chemical oxygen demand
(COD), total nitrogen ( TN ), and total phosphorus ( TP ) were the main environmental factors that influenced

phytoplankton assemblages and that pH, TN, and TP were the main environmental factors that influenced the functional
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Fig.1 Sampling sites of river Lhasa
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Fig.3 Proportion of phytoplankton composition of each sites Lhasa river
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Table 1 Dominant species of phytoplankton at main stream of Lhasa River

TV 57 Main stream sites

LT PD-1 PD-3 7K-1 7K-3 PA LS-1 182 LS-3
AT E3| 4 3|20
o - . (0.034) ESiA 3 ESiA3 ESia3 E3IA (0.022) 2w S i ESiA
omman h 7 (0.047) (0.051) (0.050) (0.033) i (0.041) (0.040) (0.026)
species (0.022) (0.025)
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Table 2 Dominant species of phytoplankton at branch of Lhasa River
SCHEAA Branch sites

ELT¢i Firih il b3 R e il
XR-1 XR-2 7K-2 LQ PD-2 MQ-1 MZ-1 PB-1 PB-2 RQ-1 RQ-2 DL-1
ZILH ESIZ NS4 EWHE OBEW BRE ERE
i Ah (0.041) EIV W (0.029) (0.033) E3iA ] i3 (0.025) (0.020) (0.026) (0.041) E32 ] B3R ]
Dominant species ~ WEHBE  (0.050) A MIFEEE (0.064)  (0.021)  MER OMSENE BN BHSE (0.024)  (0.035)
(0.023) (0.023)  (0.020) (0.040)  (0.035)  (0.020)  (0.021)
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Fig.4 Abundance of phytoplankton of Lhasa River basin
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Fig.5 Relative abundance of phytoplankton function groups of
Lhasa River basin
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Fig.6 Relative abundance of phytoplankton function groups at each sites of Lhasa River basin
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Table 3 Phytoplankton function groups division of Lhasa River

BT fREMHF (JR) IRETEAE BE A

Functional groups Genus/Species represent in the groups Habitat properties of functional groups
B INERFE Cyclotella. sp HE SRR, X432 ek

¢ EATHR Aserionella.sp RPEFR KR X532 U

D SEMBE Hantzschia.sp SEIE B Nitzschia. sp BV B TR K K AR

H1 W 2438 Aphanizomenon.sp L3 Anabaena.sp BRI BRI

VUFEME 5 Scenedesmus. quadricauda M} 35 Scenedesmus. sp . JTUIHE B 5

A B
J Scenedesmus. javaensis Bk S Pediastrum. sp R R R TAOK
LO %5 R B Diatoma.sp B B Amphora.sp PISUEE Pinnularia. sp T
M THERE Microcystis. sp BRRE M R B FRKAR i AR TR

YRIE#E Cocconeis.sp RiEn Cymbella. sp | th5e % Achnanthes. sp. pLE]
MP B Surirella.sp FHE 8 Navicula. sp 5 8 Gomphonema.sp , FL i3 S5 E 03l A MR KK &

Oscillatoria princeps B Oscillatoria.sp 22 7% Ulothrix.sp
N SEARBE Tabellaria.sp 58 Cosmarium. sp hEFRRKIIRSZ

RT3 Rhopalodia. sp e AT Fragilaria. sp i 1 A i Fragilaria | o .
P s . e . i RA BB TR S Tk

capocina JKJEBE Ceratoneis.sp BB Meridion. sp | EL5EBE Melosira.sp AR R ROIOK R
TD IK4 Spirogyra.sp WS HOKECE g BA TUKAEY)
Wi B Euglena.sp A AL, SOl K R AR T T 7K Y 7K A4
X1 HELHE Gyrosigma.sp LYk Ankistrodesmus.sp TR A v 1) P - B SR TR KK IR
X2 FUREIEHE Amphiprora.sp AKHE Chamydomonas. sp TRAFR BB = W vh - B R KK IR
X3 W BE Cymatopleura. sp Bk K REE

x4 WIFETRET . XRZHEEY SEEER
Table 4 Biodiversity indices of phytoplankton at main stream and brach of Lhasa River basin
i T P ‘
ZRERER Main stream Brach B
Biodiversity indices N N — : - o Total
BB T35 et ¥ Eoalll il ial) PR
Marglef 3257 i 5%
arglef £ B4 1.36£0.25 1.49+0.37 1.33£0.35 1.41£0.48 1.49+0.33 1.65+0.81 1.41£0.33

Richness index(D)

Shannon-Wiener

ZREPERR B 1.79+0.22 1.81+0.22 1.54+0.49 1.82+0.53 1.92+0.06 1.78+0.42 1.77+0.26
Biodiversity index( H)

Pielou’s evenness
50 R AR 0.52+0.07 0.51+0.04 0.43+0.09 0.49+0.09 0.52+0.03 0.5+0.01 0.50+0.06

Evenness index(J)

(1) WyFh PRSI TG 2R : CCA HEFFAS R LIS 7 FRBE A F-7E20 1 %l 55 2 b 03 6% 300 3 Sl A )
Ji B RELE S 53% 5 H 4 PRI A 1~ Sk e 2R A R RNIE A TT LA Y, 25 S PR 5 DAL 5 0 5% T 3 S 77 i AL )
PR YRR W2 TEREEN 7~ Z ARG PR s HE PP A SRR W R 2238 PRl 2 Ml P At 5 R T
TSk LR H B I B R | 32 IR N T RN s MR SRR T R OC R R BN T AT AT
A R A BLEEREXT pH IR, 5 BRI XS COD ., WA I35 5 I8 W25 8 S 21 4 0 TN i B2 25, SRR )
FlERAR SR 2E RO R 22 8 PRAT BE AR BE BB SN — 4P T B2 45 b T I R i, B B 0T, 45 35
PR 7 Sk i 4 B R AROS A5CHIT , o BAR A5 DR XA W O, (EL /K 4 e | S g i e B S ) A TP i 1y BH I 5 e
PIFPVEAE S BTN 75 Kk 4 b (H i TR AR T 7R 5L HOZ IR b W) b 1 SRRt 0k

(2) TFIFHE Y D RERE 5 PREE R X DG AR < 1 18T 8 W U Y, PR PR 7725 1 bR RS 2 ixh v i A ) D g
FEFE R BBURBEE R 94.4% ; F R G0 MP D Dy REFEFE B9 e ( 3% F M 5 B W
87%) , I a5 BE B A FEPRE DN - 1 o 0T, UE R XH IO 0 M7 9 B3 TR 5 0 PSS D RERE R I 2. 3% 5 P D REAHE I 2
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Fig.7 CCA biplot of phytoplankton species and environmental variables of Lhasa River basin
P pH W BRTHEE ; TP S S0 TN S SR H AR COD Al il i 5 S S BRAL Y s WA A ——Nit: 2218 B, Nitzschia. sp; Ach: M52 ¥,
Achnanthes.sp; Cym : §F 25 ¥ , Cymbella. sp; Gom : 5+ W 3 , Gomphonema. sp ; Nav: F1E ¥ , Navicula. sp; Fra: i ¥7 3 , Fragilaria. sp; Aph : R 22 3,
Aphanizomenon. sp ; Cer : Wk J& # , Ceratoneis. sp ; Ank : £ 4E 3 | Ankistrodesmus. sp 5 Dia ; 55 K #% , Diatoma. sp ; Coc ; WRJE 3 | Cocconeis. sp ; Han  ZE B 3 ,
Hantzschia.sp; Mel ; FLEESE , Melosira.sp ; Spi: 7K 4, Spirogyra. sp; Osc: il 3 , Oscillatoria. sp; Pin: PIEUHE , Pinnularia. sp; Fra: $i e 15, Fragilaria
capocina ; Rho : BEFT-# , Rhopalodia. sp ; Tab : 438 , Tabellaria. sp
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PLBEIAT S B 5 SR, e SR A A R MR JE T R P Bl RS T
VPG T, K SRR BE R A , VKRBT RE A 207 R %) =F 6 o I 2 R AR Y, VR i A %) e B R N
R X e SRR K A A RS R E ) B 2SR Ak B K RS TR T B S R O I ST AR X A A, S ER R A
TFXF R e R A AT B A, SRR [ PR Sk SRR VLA O R SO KB A AR )
SRAE MO R S AT 382 AR JLAS 5 TR A 25 R A TS
3.1 VRUFEY YA AL AL T EEBUIR

FL AT S T U S P P L B B R AR, AR A B W R O 53 R, FEE B s W T
22 A, AN REBET TR S B S 60% , e X E BEVE TR SR 2.2 T AY/L, TG {E AL 3857 A~/L, A
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