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Tab.1 Information on the sampling sites in the Yili River

IR FR TR A2 T BT A LA (EN)/° W /m
11X +wt 80.9581/42.9493 1642
55 ] — I 2[X i A1 R 81.7599/43.1544 1244
3[X Jer 82.4885/43.4224 865
4[X NsH] 82.2622/43.6011 762
. 5[X I 81.8209/43.6257 697
AL Fif .
61X AL 81.0922/43.9043 577
7IX oo 80.6672/43.8407 540
8 X g 84.2917/43.6620 2244
. . 9[X i o 35 37 83.7554/43.7095 1830
W& A3 — R . )
10X IR IR 83.2806/43.7669 1511
111X Rl FLHR 81.9172/43.8099 812
121X WA 2 81.5611/43.2685 1906
BWAERT) — R 131X VPGB T 8 83.7280/43.4170 1085
14X ELONIN 82.5820/43.5646 798
b v 3] TR 151X [ e 5 81.9104/43.1797 1082
Rii[ 45 2 F5im TR 16 X W = In/R 81.0880/42.8614 1723
ez} TR 17X FEIRTHY 83.2539/43.4106 960
K1 X REKIU) / 82.370743.2342 992
5o i —— 1A Y i K B J 7K 22 K1 X 1 iF(K1M) / 82.4487/43.2420 990
K1 XHFT(K1D) / 82.5028/43.3337 985
K2 [X R (K2U) / 82.1606/43.8503 954
W& i) —— 3l SR 7K R B JE 7K 22 K2 X i (K2M) / 82.0956/43.8464 945
K2 X[ (K2D) / 82.0681/43.8373 932
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Fig.1 Yili River basin and locations of sampling sites
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o 8 S B AR SRR AR, 11 10% I CRAF . %
A A i B EAE 10%40 15 2B AL EF T SR IVEL
RI100 BAFHAT , BEAFEARTEHEL 2 K, BRUHELE 200 4
LT o VFIEAE DD I % 2 B S IS ) 55 (1979 11
(BRI 2ED , VIR A AR = (A B AR 3B R
AN T 55 M SR R (R 2 T4, 19915 4
FEANFD RS 52,1990 Hh A N RILFNE A0S, 2010

IKFREARFRE « KR AR pH. HL R R G
A7 HQA0D £ 45 XK 7 2 Z B I W 7€ , 3% W B R
FH 2B (B 5 492, TN TP .NH,*-N \NO, —N.CODj,«
I 3 a SELE KRR AR S (B SIEB 25 AT, %5 UK B 4
R 7 7 1 2504 R R R 7K M 43 A 779230 CEEL R R
B R4, 2002367

1.3 SHA*®

1.3.1 ZH M4 KA Shannon—Wiener 184 (H"
Simpson #8%(D) F & FEIRE(D IS FEFR B (D ik
1T %> #1 (Shannon & Weaver , 1949; Marglef, 1953;
Pielou,1975) .
H'==X.(N/N)log,(N;/N) @®
D=1-SUMI[N,(N.—1)/N(N = 1)] @

ERAE FEFETFHANBLENBFERLERERFHX R 61
d=(S-1)/log,N ©)
J=H'/log, S @

N i BRI ARSI, N BTA TS S AN
5, S NFEL
1.3.2 e a e B FEM IS YY)
RHE -

Y=(N/N)XF, ®

N i BRI ARSI, N BTA TS S AN
B, FONEE i B BRI . YAE KT 0.01 IFP 25
AR AR b
1.3.3 Guit oAt Fdis it 5 7 48 SPSS 19.0 ¢
5 K F PCA 43 B f 1 AR AL T e i 4 5 34 35 IR 7
[F)5% 2, PCA 3 M1 £ CANOCAS.0 FA4H 58 il o

2 HRE5HM

2.1 FhEAR

WAL IR 711 88 & 141 F, LK 2.
HorP e 2, HL 70 Bl o5 EE 49.65%, IR & SR
740 F, &5 b 28.37%, F R BT 17 M, 5 L
12.06%, BREE 1] A FR 1] FH 1] B [ T Rl g,
SR 2.4 3 F5 Rl AT EEAET 10%.

R2 FEMZFHFEYEERE ()RS ZHNESL

Tab.2 Phytoplankton phylum composition and percentages of total species number in

each surveyed area of Yili River basin

/i TR WEE] LREED] BT FHEET) EoaL N Rl ] At
b 0] 47(69.12%) 9(13.24%) 6(8.82%) 2(2.94%) 4(5.88%) / / 68
PR 36(46.75%) 15(19.48%) 20(25.97%) 2(2.60%) 4(5.19%) / / 77
WA 43(61.43%) 7(10.00%) 16(22.86%) 2(2.86%) 2(2.86%) / / 70
AR 54(68.35%) 13(16.46%) 10(12.66%) 1(1.27%) 1(1.27%) / / 79
Ry 753 30(69.78%) 5(11.63%) 5(11.63%) 1(2.33%) 1(2.33%) 1(2.33%) / 43
B & 7 0T 27(84.38%) 2(6.25%) 2(6.25%) / 1(3.13%) / / 32
(R0 28(75.68%) 5(13.51%) 2(5.41%) 1(2.70%) 1(2.70%) / / 37
8 R HE K P 34(48.57%) 8(11.43%) 15(21.43%) 1(1.43%) 4(5.71%) 3(4.29%) 5(7.14%) 70
LR R K 2 32(47.06%) 6(8.82%) 19(27.94%) 1(1.47%) 4(5.88%) 2(2.94%) 4(5.88%) 68

T /AR ARKE R
Note: / means undetectable species.

R S AT B TR ED B 68 F, 1 T &5
TAMREIINN , B AL T BB N 22 77 B, 5%
ST LE , W 1] S 1 RR S 0, 3 1] A K
b o SRS T PLSHnA AR %, 3L 79 i, Hak
FEME AT, 3700, 3 2% SO CRF L 739 S Bl 45 7
PO A WD RSB A, 73 3] 4332 A1 3T Rl
BART 35— HSRAM T 5 F HE /K P AT R
R 3t 7K 2 73 )2 70 A 68 Fift, K5 T I T JA A 2R AR

T, KPR SR BE T T PR S BH R 2 THIRT 0L, BRe 1] R AE 7K
PEFEA T H I

MZEFIARAY R F (B 2) , B AL i A b 2k
B8 2 4 1) AR A DRRT L T S o 5 e TV AT R
P50 BRIy e Az ToHMI12 4, H
8 K T 1) o 2R 0 T 0 5 IR LA S L e
29 H>12 H>6 H , 3 5% 40 2 S K PE ) 2
12 A Fp iR .
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Fig. 2 Seasonal and spatial variation of planktonic

algae species in Yili River

2.2 BB

AL AR AR L 3. 3 UCRIEEI A
b 1 R v ] B B AT 8 (Fragilaria sp.) ~ /N30
(Cyclotella sp.) <5t ¥ (Synedra sp.) ~ F}TE % (Navic-
ula sp.) HFE 3 (Cymbella sp.) ~ 5 1% % (Gomphone-
ma sp.) o WEAF¥E 55 7 ¥ (Diatoma sp.) 1 73 K¢ 8 R
AR AL 3R, B AR SR R A8 A FL IR K EE TR A
RAPho WA EE R A E M RFH P
FET] 7 P B 6 B 71.00%~86.96%, f1 K o L
WAE12 A

F3 FEGMFHFEYAEM
Tab.3 Dominant phytoplankton species

and corresponding dominance

- N A

[ES e Fh %A 9A 128
JfikT34% Fragilaria sp. 0.08 030 0.06
/NERJE Cyclotella sp. 0.03 0.13 0.11
B35 Synedra sp. 0.04 0.02 0.04
K Navicula sp. 0.07 0.04 0.04
WS Cymbella sp. 0.07 0.03 0.03

S Gomphonema sp. 0.06 0.03 0.05

] FENNEATHE Asterionella formosa | /007
Bacillariophyta YRTEEE Cocconeis sp. 0.01 / 001
1553 Achnanthes sp. / /0.01
PGB Pinnularia sp. 0.02 / /
S2JL#E Nitzschia sp. 0.01 / /
%5 H ¥ Diatoma sp. / / 0.04
@4 F ¥ Diatoma vulgare / /0.07
K25 )8 Diatoma elongatum / / 0.05
VR HERS 22 Lyngbya contarta  0.02  / /
W] B Oscillatoria sp. 0.03 / /
Cyanophyta B L2 3 Lyngbya sp. 0.03 0.02 /
Ph 1 JJE 5 Pseudoanabaena sp. /001 /
Chﬁfgy " /NERPE Chlorella sp. 0.01 / /

2.3 FRENTFIFEYEREE

B AL i M P A B ] 3. AR E
H1.25%104~209.58x10* L, FEIHE N 30.77x10 4L
69,12 H 1 #1573 7l 8 30.76x10* | 66.51x10" |
26.22x10* ML, =R N H>6 H>12 H . =
) 20 AR REAE 5 1T, 6 F O ReE 8 T DA S 388 1] A B0 o 46
WL A E o B 95% LA B (Br it B 4h) . 9 H
U 0 T 11 RI AR B 11T o A 0 A, (B FE I e] B A
IR Wi v e s T T B R R 6 H A i B3 Lt
12 A EEEE T T B 5 4ant 38, & kit 90%.

T LM K RN SR FR R K 2 R A A 4T i
£ S48 53 ) H 42,9910 . 232.82x101 AN/L, B F B K
9H>6 H>12 A . AR HIE/KE 6 H iz
bR 2 R BUK, 73 il A 6.05X10% 23.44%10%,
34.5x10 AL, HLFif 25 7K A4 IR 12 38 I 2 1 8 k2> o
WIRh LR R T T, 43 DD AN RE TR T L K, 7E 75% LA
o ORI H O REEE T AR . R IR FL
IKEE 6 H 4 b N2 R B, 4 iR 29.42%100
361.25x10*.196.20x10* N/L, Eif< Fifi<rfilf . Yfh
SR TT T KB IR D, )AL A,
SRV IR VIR ] o5 B2 i 38.81%131.45% 1
22.38%, 1£ 7K FE H i AR Ui, R ) B R S LA
80% LA b 9 Hfn FIHERN R i 22 AR /N, B B 4y N
31.92x10* AL A1 179.5x10* AL, Rk ] A5 4854 34
TE97% A b 12 A4 B3 & R IR U A A 40 i 25
JE 320 B AT, R BE 1 A B0 o LU 100%. 3 25 FL 3
IK PRI B R AP R T 2 S B
24 FREMFFEYEDE

AN AR I 4. ARSIy
0.03~5.13 mg/L,FFH140.67 mg/L, A bladA 54,
FA—3. 6 I EERRERYE0.03~2.32 mg/L, T
A BB AR AL T BHUKF T Y 0.03~ 0.17 mg/L; 3¢
AR & T TR B . WIRPA R B fif
I o5 2655 e 35, $7E 80% LA b . o A AEWE L
il 4 0.03~5.13 mg/L, T i 4 ¥ & % &, 6 Bl o~
0.81~1.85 mg/L , 4 5. o] « W& A1 ] FTIAL TG i) s A
bl 7K L 7 002 T v CRR DL 5 ] i 1), Ja L A
0.03~3.24 mg/L, WA B k. Bl e 25 FIRiT &
FBO AR, 73975 0.30 mg/L #10.03 mg/L,
TEDIFR AL b, ke T TS o e AR 35, B AR7E 80% LA
o 12 AR REEDN0.03~1.86 mg/L, HEAA KT
Ko T ER U H A 0.44~1.86 mg/L,
R S TR AT AL T ] AT B A A A, Y
Fil 4 0.03~0.69 mg/L, 3 %% — 2% ST AR , JE Bl N
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Fig. 3 Seasonal and spatial variation of

phytoplankton cell density in Yili River

0.03~0.04 mg/L. PIFHLH R b, fEBET T 5 4axt L, 45
TE99% LA b o 1 77 I 7K P IR S5 PR 7K P8 V7 i AL
YDA B A 43 5 N R 0.92 me/L F11.02 mg/L, ¥ 3
P9 H>6 H>12 H , AR 35 5% R AR — 3.
2.5 RELIZEFEY SRR

AL 2 FEVE R B ] 5. MR R E
% (d)~ Simpson $i #(D) » Shannon—Wiener fi§ £ (H") fl
50 BE 48 () 41 73 90l 2.86.,0.85.2.48 F10.75,
6 H .9 HFI12 A1 Fid Z FEE R EUME 7 8 3.22.
0.85.2.47.0.76, 3.33. 0.84. 2.49. 0.73 1 2.04., 0.86-
248.0.77. VMFEEEREFETERBER, 12H R
EIKT o AMOH, KRZHMBEHFT EZR AR,
25 (8] 43 A1 7 T, 6 H A AL B B R A
3B AT FARIR B, B AL TR B TR e i DA
TR 5F BURTR] AR 2 FEPE R B0 2 UK, 9 AR
T TR ] UL 8 A IR R i s A DA R AT 2F 40T 3]
1R A7 B 22 A5 P 8 AR 5 12 ) 4 7 S ymT ] 11 Ao
(12 FEPEFR R -
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Fig. 4 Seasonal and spatial variation of

phytoplankton biomass in Yili River

P AR K 2R AR SR F /K TR 2 R PR L
1B S4B 43 5 9 2.41.0.56.1.55.0.56 F11.28.0.66.1.82.
0.73, BRYIF=E & FEFR A0 2 A iAot Z PR 2L
BIRINO A<12 A<6 A, 2R E R BE . 16
[REE N5 L SEii0 T 72 R = 7 (Al ) S . 7
R K PE R S RV EAICE T I AN R
2.6 REMZFHENSHERTFHER

PP AT gt 3 B BS AUK T AR AR 3R 4 F K 6,
Xof 3 BRI R K B AR R bR T = T A SRR
P VAT L A5 7K A S5 i o A 5 Sk 3 DR (1) AR 4 [
Ao ST R EP EIRT JE AT E AE A F BA B IR - [ e
7, 38 KIMO A 56 306 95 #5386 11 ) 50 DA S i AL )
SR AR SRR A MR AR, O S
IKIRBE b Gl /KR K IR V3B B E DO pH. TN,
NH,*-N.NO,=N.COD,,) #17 PCA /¥ (7D . 45
RETR, HT A0 AR 8RN 2 40, 58 1
H1~35 FHREA, TBAL T3 3 RIR, 2Kk VAR
SRR AR, 55 2 40 36~7T1 SAEA, E AT 21
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HR LB TR ER S B DU OKOSURFIESE T LA 7.

5k A 5 W 7 Ui R P T 22 A 2 T AR A I
W 72— GRIG 425, 2018) o ASHIF 50 76 R {7
FLRTH 107 S FEAS Th LS8 YR BT 7171 88 )& 141
B, o rE e 1 A SR E R 2, P 7 LB 46.06%~
84.38%, HIL 35 Fofr vt i Ak B TR IS o A 0 L3, e K
d LA 12 o X2 BB AL I AU R A R E
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Fig. 5 Seasonal and spatial variation of phytoplankton diversity indices in Yili River
T4 FEUTEEKGYIBIEIR
Tab. 4 Physical water quality parameters in Yili River
K 48 7K/ C DO/mg-L"! pH % W% /em K% /m A3 2 us me!
e 0.5~19.4 0.83~13.36 8.06~8.35 20~150 0.5~3.0 228~384
AL ] 0.4~23.9 7.73~13.58 7.52~8.30 15~150 0.5~3.0 318~1655
WA -] 0.5~17.0 8.69~13.33 7.78~8.18 30~150 0.5~2.5 113.8~429
WAL R 0~11.6 7.90~13.33 7.77~8.11 15~100 0.5~3.5 157~55
lia-20) 0.6~13.2 9.21~12.64 8.24~6.54 12~100 0.7~3.0 227~525
PR N 0~13.4 8.96~12.43 8.15~7.71 20~110 0.2~2.0 236~343
R[5 5F 0] 0.3~13.0 9.21~13.30 8.24~8.48 40~100 0.2~1.0 260~424
6 T K 0.3~22.0 8.11~12.69 7.90~8.44 50~100 10.0~70.0 271~434
Wi LS K 0.9~23.0 6.80~12.24 7.44~8.57 110~250 10.0~70.0 275~315
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Fig. 6 Chemical water quality parameters in Yili River
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Fig.7 PCA biplot of phytoplankton species and environmental variables in Yili River

FEAT KR DU N T, 30 CLASR N L, 40CAE. 520 /K ZESREE NIRRT SEEO] 2 2 Tt , 2R3 T HY
BT (FELEE,2005) . RISLHFRRIFRITEREE DB 6.9 HKEEREA F 2 E AL,
FE LARES N IR S HOZREE, S4h 12 AR R E R X SRR AN - K N B 2R A, 3 R -k
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Phytoplankton Community Structure and Its Relationship with Environmental
Factors in Yili River of Xinjiang Uygur Autonomous Region

LI Xiao-Li, NI Zhao-Hui, PENG Liang, TAO Ling, DAI Li-li, LI Yun-Feng, L1 Gu

(Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, P.R. China)

Abstract: Characterizing the phytoplankton community structure is an important part of assessing the
ecological environment. In this study, we conducted a systematic investigation of phytoplankton commu-
nity structure in the Yili River basin, focusing on species composition, dominant species, spatial and tem-
poral distribution, and community biodiversity. Physicochemical parameters of water in the basin were
monitored as part of the investigation. The relationship of phytoplankton and water environmental parame-
ters was analyzed and the water quality in Yili River was evaluated based on the phytoplankton biodiver-
sity index and biomass. The aim of the study was to provide a reference for evaluating and conserving the
aquatic environment and the rational utilization of the fishery resource. Yili River is the largest river in
Xinjiang Uygur Autonomous Region, and an international river that spans China and Kazakhstan. The
Yili River basin in China includes the Tekes River, Gongnais River, Kashi River and other smaller tribu-
taries. In June, September and December of 2019, a phytoplankton investigation was carried out at 23
sampling sites in the Yili River basin, representing the mainstream, primary tributaries and reservoirs. A
total of 141 phytoplankton species were collected, representing 88 genera and 7 phyla, with absolute
dominance by Bacillariophyta (70 species, 49.65%), followed by Chlorophyta (40 species, 28.37%),
Cyanophyta (17 species, 12.06%), Cryptophyta (5 species, 3.55%), Chrysophyta (4 species, 2.84%),
Dinophyta (3 species, 2.13%) and Euglenophyta (2 species, 1.42%). Species richness was highest in the
mainstream of Yili River, followed by the primary tributaries and secondary tributaries. The number of
Chlorophyta species in reservoirs was significantly higher than in rivers, and Cryptophyta were only
observed in reservoir samples. Fragilaria sp., Cyclotella sp., Synedra sp., Navicula sp., Cymbella sp. and
Gomphonema sp. (Bacillariophyta) were the dominant species, and Fragilaria sp. dominated the
entire river basin in all seasons. The average phytoplankton cell density and biomass in Yili River were
30.77x10* cells/L and 0.67 mg/L, and the seasonal variation of both followed the order, September >
June > December at all sites. Average values of phytoplankton community diversity indices were as
follows: Margalef richness (d=2.86), Simpson diversity (D=0.85), Shannon—Wiener diversity (H'=2.48),
and Pielou evenness (J=0.75). The river phytoplankton community was greatly affected by altitude,
dissolved oxygen (DO) and total phosphorus (TP), and the reservoir community was greatly affected by
water depth, transparency, and temperature. Based on the community diversity indices and phytoplankton
abundance, water quality in Yili River is classified as lightly polluted.

Key words : phytoplankton; community structure; diversity index; water quality evaluation; Yili River



