BT AR T B A TLIRIBUK SR SRR

T4 AR R B F S HER X &

USING PERIPHYTON ALGAE TO ASSESS STREAM CONDITIONS OF YARLUNG ZANGBO RIVER BASIN
WANG Xian-Xian, LIU Le-Le, YANG Xue-Fen, YANG Rui-Bin, LIU Hai-Ping

FELR 132 View online: https://doi.org/10.7541/2021.2021.039

FRTT RE RO HAB SRR

Articles you may be interested in

BT A 2 ) e B 8 O T K A 25 R G AR (A
USING EPILITHIC ALGAE ASSEMBLAGES TO ASSESS STREAM HEATH OF THE RUXI RIVER, CHINA
IKAEAEW2AR. 2017, 41(1): 228-237  https:/doi.org/10.7541/2017.29

WK PEAK A= 78 RGBT

ASSESSING THE ECOLOGICAL HEALTH STATUS OF THE THREE GORGE RESERVOIR
KA A HI2A4R. 2019, 43(S1): 49-55  htips://doi.org/10.7541/2019.166

JRAPE R S 0 FH TR A A R G BRI ok e

A REVIEW OF DIATOMS IN BIOMONITORING AND ECOSYSTEM HEALTH ASSESSMENT
KA A HI2FAR. 2018, 42(1): 212220 hitps://doi.org/10.7541/2018.027

T Cyt b= DR AR A 71 Ui sl i 1 B S 5 W] o SR £ P 168 e 2 Rt SR ) S sl 25 A
GENETIC DIVERSITY AND POPULATION DEMOGRAPHY OF SCHIZOTHORAX MOLESWORTHI FROM THE MOTUO AREA
OF LOWER REACHES OF THE YARLUNG ZANGBO RIVER AND LOHIT RIVER

IKAEAEW)PER. 2019, 43(5): 923-930  https:/doi.org/10.7541/2019.109
HE GG R A L XU 0 R D BRI ot b 7 B 5

POPULATION RESOURCES AND FISHERY MANAGEMENT POLICIES OF PTYCHOBARBUS DIPOGON IN THE YARLUNG
ZANGBO RIVER

IKAEAEW2AR. 2020, 44(1): 170179 https://doi.org/10.7541/2020.020

YOKAS R G LR KDNASG 2T IR

AN OVERVIEW ON SEVERAL LARGE DNA VIRUSES IN FRESHWATER ECOSYSTEMS
IKAEAEW)PEAR . 2020, 44(5): 961-975  hitps://doi.org/10.7541/2020.112




F46 5 F 128
2022 £ 12 H

KE A& Y R
ACTA HYDROBIOLOGICA SINICA

Vol. 46, No. 12
Dec., 2022

doi: 10.7541/2021.2021.039

ETEAMNERNBESEBMIRBKESRREREMN

A4 xEE e wma” wEe”

(1. ARl R 22K 22 e, B0 4300705 2. PO H 6 DXCAMOBHABK = BHEEBEFUIT, 15 850002; 3. VUi A 16 X S5

TR 42 i A (B ARz i), FEEE 850000)

FEE: N vPA M S AT LR B AR S RGN FOIRES, A 78 T-20134E10 /) . 20144F4 7 F120144E7 H , £EHEE 5
AT e FeA RS BB E T 264 RFE s, JeH IR AL R . ARbR TR T8 JES 5 2R TR R M it b
B, TR AR K AR SRR SR B AT SR, B S SR A SR N B SRR B, A LR A B T A
PR AW e B VE SRR (P-IBD) W B AR 2R, 45 T S 1 7 0TI, e S A YA T Sl I L g 3 R N K
71104923 H 34R170)8 (Fh), FEBE11(35.71%) S35 171(32.86%) A1 T4 7 1 1(20.00%) A RT3 T 138, A MR
(I B 1) JB TRkt 1], %K I S e - - WA Y AL K Ak . ) A\ 32K Shannon-Wiener £ 4 1 45 8 (1) A2 18y
4.84—9.41, Piclout’ 2] FE Ha B 1 AR SA12.41—4.80, T 3% W6 kAT T A0 308 (A R i R S v AL K k. AL A
#2251 Shannon-WienerZ FEVEFEEL . Pieloudy 2] fE 8 50 5 P-IBIVEAN 48 bk Z2 JL R U HH : FHESm0Am LI 3 T
B R R HATR SRR AR RS RGN ROIRAS T T 58 VLA 3T e g RS o Wt 70 M S A VL i 4k
IKAEZS R G0 R R BV R AE AR IR S5 A g BEIRAS, — D7 T R v v 38 8 itk S ML & 1 BE Fi g2

P RIEE A, 55— 07 T BEXHAT UK A2 2 R GUI (R BERDLHEAT BEA VPO, TR B P ok A= A 2 4

X HEiR): MEGIAVLAUE; MER; P-IBL KAES RS RPN
X EHS: 1000-3207(2022)12-1816-16

hESAS: Q1451 SCERFRIRS: A

J& N2 (Periphyton), N 44 3&E A AT
Rl oK ARG R E MR —, H
H A, Hal il 6 & K R BH se e A ik 2 s
i AEAL R, I A FB R AR, 3K AE S R G
HIVIRAEIA . BE BRSNS BAL IS, RKES RS
W BE ) . N BRI B A A
71, HFhREE, WEAEK, A7 E I, XKIF5E
AR RBUR™ ), B8 I K A TS e, YA R,
HHEM A AR E 2 5, BRI oK i 2
A TR 75 G ) A8 S AT A AR AR N R B 2E, i,
JE| INGEE SR R B o AR v A L 5 TR 4R, BB, fE SR
735K B DA 8 2 R B L IR K T R M FR AR R, T
KA RGBT T

TR RS, 2HRESREH—F
FEWIEE, BEE NI B SR 1071 B 38 i, 7
LRI RAKAES R R AR, Kt

Iis B HA: 2021-03-08; 1&1T HHA: 2021-07-14

o AR R e KR g
W IR A I, T )
FAE T oK 8E T i sh A, A0 15 /K 4 rh i) 2
Uh. R MR VRUSESIAEAD . ARSI S R
Git. W REVE AR RE AR R S B,
I g BER S A A SRS Dheg . MO K
ARG E RS AT R VP, B8N 1
P AN 7T 2 S R A R, B AR S 7K ot B AL [
TR AT BN, BRI 2, KA
SERE 45 20 (Index of Biological Integrity, IBI)fA&
R, WA KA RG G5 DR A B, 73 i
A FEBUIR B 2L R, 7 A IR A TR T
X el B 2 R IX L s 2R TR R
it Fi, ¥5is T AR A S8 B A BN K e AT (g
.

FHE G AT VLT 2 R L KRR A

HEWR: v 8 6 X AR E SR H (XZ2201902NB02F1XZ202001ZY0016N) % B [Supported by the Key Research and De-
velopment Projects of the Tibet Autonomous Region Science and Technology Plan (XZ201902NB02 and XZ202001ZY0016N)]

eI ZA4F(1995—), &, Wl LA FL A, B 55 05 1A /K P2 9758 .  E-mail: wangxianxianlele@163.com

BIEESE: BEK(1970—), ZU%Z; WFF 5 WK =775 . E-mail: rbyang@mail.hzau.edu.cn  XUHGF(1981—), W4T 0t ; WFF A5 190
S IR . E-mail: luihappying@163.com  *3& (R 15 {E


http://doi.org/10.7541/2021.2021.039

12 4 FLPLFAE: J T A PSRN GRAT VLUK S R G Y 1817

AR, ST N RN FEN B RKES RS,
RE VR 1 P 5B AR RHAE, B A 2 AR R R P A
A B R RS J AR A 5, HAR SR 3 UK
M55, $% 5 52 B 3R SURAR AN SE B T 5 H
PE IS, ORAEH KB40 A BRI BOR A, 2
SEH PR R /K T L ) A, B TR S A VLR
KA R G0 HUAE i i 1) 4 RSO TE LA 7 3
BE IR G, 0 AN 7] R 28 e A AR AR I
HESER . B AT, o M & A LL kAT (8 e VP AN
FRIRIE e AR Ly 2 W, WA S DA 55 A VL I 45
(1 JE M BESE D BIE TRt 51, ) FH JE A SR 2R SRty i
T AT VLA I ) A ) 5 #E M 4R £ (Periphytic
index of biological integrity, P-IBD)Zg & VEAT F8 bR ik
RO LU B AL X K A A R G RER B AT
BEEVEAY, 108 7 i 4 3 S PE AR B AL 4
(BT FE 4 HEVERL B JE A, R B B2 PPN 12 [X 3800
TKAERS RGEFOIR DL, 2 IR PO RS 24,
S BEUR AT R LR R 5 B OR A S AR I 2R A

1 #RERZE

1.1 F5R X AN SR AR 8]

AT VLA T X 7- & 3 oy bz ik
R Sy i 2z 1)1, AT o R e g 1 9 (X
W ) 7 i £ L P PR S G e e O A
TE 5 S R RS TE HEAT 20 [X - 75 T g o il 25 47 94
N, A KIS R 1 v R B A L, TR R R DA
WA R Z, Nm R FE T RS0, P
B 7K 5:<300 mm, FELTF2.67x10" km”, K-£1268 km,
RVEZE1190 m, (5T TE ZE121.9%; $7 40 2 IR
N, TS B AR A, TR A R DA I8 M S
&%, Z A R T 5%, T K E300—
600 mm, FIKAFI16.5%x10" km®, ££11293 km, 4
221520 m, (5 TR TE Z128.1%; IREZEH
KRR, FE I, KT S, AR,

85°00'E

90°00'E

B2 W, &%) K E>4000 mm, Vi FRS5.03
10" km®, K:-£1496 km, $7% %2725 m, 5 FaiE %
[£150.0% "> ) WAREFATYL . JE VR L AR
FE AT R M B R AT VLR U AR R R — L
WA D). FEEBAATLREE & R )R T2
A, AR TREE, AR EEZE R,
AR, TP HBIRAEAN-3C, TP RER
BoN16.2°C, B AR ZET1A14.7—16.5C, &4F
5—9 3 ARt BRI 1, [ K BT aA A4 K180%
TR Y B A AR Kk

AHIF T AE S AT TR TS E W E T
26 KFE A, ARG T20134E10H . 20144F4 H A1
20144E7H, I T 3UCRIE TAE. BASREE A
GPSENL, KT FIC TR AL . AAFR .
TAL I JER S 2R e M ) L TR AR A SR L UK HR
TR EEHOE G 1), B85 24T A R )
KA. BRUCRFE IR — KA Y RT3 AT R
FE, BE R AR

FER (R BT F RS R E 3 KA R, T3
SR 5 SCRURAFE KU E : SRR 2 R R, BLRE
AN RFE AL e AN RAE R IHRERRAT LS A
REFRER Do
12 BENERRERMFEE

AR A8 T JER o7 SR R 30k AN /) (R U 0%, 5 R
JRORZR -, FERFE R R AT H 20 emx
20 e FRISBEIRAR, SRAF: IS Fo) B B3R AR L PR Jo) IR,
AR AT N 3, 24 s BE AL X 3—S LT i B
B BRI IR R . 5 T IR AR A7 Bk, H
HARN3.5 e ¥R o o AR 0 BRI, JF TR [
SE AT BRAN 5, 56 P B Rl AN Z8 PR /KR 2 1 BLAR Y
Jiil RS B, P P BT (10— ECR T AR 14 T B
RIS o FHZR K 2 D B AR B4 B, A of
19, 3 i ARSI 4 0 e A 500 mL AL, 57

95°00'E

Tanggula Mountains

30°00'N

o —'.“I.Gahgdlsém"f”ntams 3

30°00'N

Ry ..wlwiﬂgaxé Mountains | .

85°00'E

90°00'E

95°00'E

B R R A A1

Fig. 1 Distribution map of sampling points in the study area
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Tab. 1 Sampling point distribution and information
PR KA T B %R E HEN %7 WA
Sampling point Sampling location Reach Longitude Latitude  Elevation (m) Environment description
Al FTE 2 VLRI 95°0929.06" 29°14'24.57" 626 JER 5 G A
A2 TEVT. 2t R A8 IC Ak 95°09'54.77" 29°14'54.77" 655 TWRASIE, JE R O A
A3 Sl L b 95°24'25.96" 29°14'24.82" 734 IR A, TR P A
A4 SKARELELEATIE D BEVL I 94°06'10.167 29°11'59.21" 2936 YE 1. Kk, THEVDAL ™ B RR
A5 BE B R 2 KA1 93°00'13.62" 29°02'48.08" 3097 ?%?E«Im%ﬁriﬁ M, R D, YA,
A6 FZHEEHN 92°28'32.29” 29°15'10.92" 3335 ﬂgfg‘r, 5}%6 W, SR K L, R IR
A7 TR LR Al 91°15'38.82" 29°15'38.82" 3548 AL, WML, TR B A Sk
A8 JEAELFERL A 90°12/28.91" 29°20'4.35" 3702 K3k, WATME, KM, RS, RN A
A9 SLEYERE Y o) 89°04'1.78" 29°19'30.21" 3817  MEMLFEF, /K Cub, KA1
A10 WHE TS RER T L 88°07'51.73" 29°21'8.21" 3917 A, KTEEL IR ER
All B RESZ 87°34'37.73" 29°07'12.04" 4004 KTk, JEFF LA K
Al2 WEREE S MR REATIT 95°03'59.72” 30°06'01.20" 2024  JVRATIL, SR EIA
Al13 e B F A 95°18'09.40" 29°59'58.75" 2392 KA, JEFAIA
Al4 e B i 95°51'12.05" 29°48'05.85" 2814 Ol A, RN A
Al5 BEEREL 2 96°05'56.39” 29°44'59.98" 3271  JKifiE, EE KA
Al6 YN E=2 /S5 96°33'10.94" 29°31'47.87" 3732 WHVABI TG, RO
Al7 JEEER AR AL JREER 94°27'21.93" 29°25'5.14" 2919 VLWAZIC, A R A TALES, B RS
Al8 MZHR A 94°27'10.78" 29°53'28.71" 2949 K, At T RAT 4, MMEYIEE,
JES R B A Sk
A19 (TIPSR R 93°42'54.67" 29°507.96" 3202 VRASIE, A TR, HLAE, R ER
A20 TARITIE AT 93°12'18.67" 29°53'28.71" 3438  JKICuk, AMEREM R, KR
A21 PIEM AT AL FIBEW 90°48'35.08” 29°39'4.72" 3630 VLIMAZIC, AT A R A, R O
A22 PR AR 91°14'46.73" 29°39'4.72" 3667  KICHh, A VEERH, KA ER
A23 H PSR 91°26'31.07" 29°46'0.20" 3712 KL, RN
A24 BT TF 204 B8 91°45'40.73" 29°52'21.93" 3810  JAq i, MM D, KK, KFURDAR
A25 1 BA SRR T SERW 89°16/3.69"  29°06'3.84" 3897 B, JERAL LAUA Sk
A26 LHEFIZ 89°41'27.44" 28°51'2.93" 4010  MEWERER, KA
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Tab. 2 The division of reference points and pollution points in
sampling points

PR 2% 1 15 g R FHF R
Sampling point Reference point Pollution point Disturbing factor
Al \ NN
A2 \ ITC
A3 v NN
A4 \/ FRR
A5 v SDP
A6 \ HS
A7 \ SBB
A8 \ BDG
A9 \ NN
Al0 \ NN
All \ NN
Al2 \ ITC
Al3 \ NN
Al4 \ NN
Al5 v NN
Al6 \/ NN
Al17 v ITC
Al8 \/ NN
A19 \/ ITC
A20 \ NN
A21 N ITC
A22 \ NN
A23 \ NN
A24 \ NN
A25 \ NN
A26 y NN

1 NN(E); SDPCRD); FRR(53k); BDG(HF); SBB(H,
28); ITCERFASIE); HS(ZK HLyk)

Note: SDP (dand quarry); FRR (pier); BDG (bridge); SBB
(suburban); ITC (river confluence); HS (hydropower station)

TREE > A Va4 FEE T30 #T . PearsonfH
Je Mk 43 M, DA 97 32 HE A3l B VRN 2 s kR
OFE A 53 A7 38 BBl 43 B2 43 B 25 F8 EUE 1 7 A Ja
B, T3 MM ER ARV R AR . AT PN A B AR A A 17
BRSNS AL brifEZ K. A FRE M Tabs, &
IR, IR bR A RS S T TR A Rt bR . @3]
AIRE 153 M- K W DA TR 1264 R FE 5, ik HE =%
RS G AT X 43, B Ja L2 fd F5 G4 iR 48
ZH I, 06T 120500 4 326 458 B8 22 1) 48 28 Bl (Box plots), Jf°
X I2ANFE LG B R 22 i 515 B SRR 25%—75% %>
A7 B35 H, BPF84A1Q(Interquartile ranges) 1) B &
ST AT, U A STE R AR
By, AR EE, B3 G55 S AL
BUEERAAERT 7 R 2 P, WA N — 0 H o
(Bl 2), Rz, MZEH BT %L br. GPear-
sonAH & 7 A e X 0 5 B 0 4 A B AR AR gk AT
PearsonAH L 23 #r, M3 AH 1 R 5 r>0.75, AT
TRbrIE$E, BO: 4 JLAN RS BIAE G E>0.750F, R 7R
% — MR KR TR .

(4) AR FR IR 70O =43 il X Bl T L9807
HIFEFR, BT 2% S R125% 0 M BUE G BE TP K
Kb, 18T 22 S0 75% 0 M 8UE), 1162 18T
25% 73 5r BUE (51T 75% 53 A0 BB ) 19 43 A7 i Bl i 47
A 34 R0 @IU 4y KT
PRI TR AR, CARTE R95% 73 0 BUE N B A 3
BEE O BT U3 R Fa bR, CLATA 2815% 53 A 3L
B A A EEAE), I T (5 T) MR AEL (%) 49 A1 3 BB gk AT
S RT6. 4y 20 04, GLLAEE: Wl
TP om, +8 BUE BN TR bR, 95% 70 7 BB N B
FEIAEEAE, S480R A S5 T TR brE bR LU A s
95% 7 r A ; X BT UG R B HR AR, LAUTA s

<3 P-IBI FiXigrrtiid B3t T 00 /e BR

Tab.3 P-IBI alternative indicator description and its response to interference

R AR iR R fatrflik PR S sk
Code Alternative indicator Indicator description Response to interference
MI JE Ry R B TR JERN: S HINES (| Lt
M2 E[S 5 30 Y B STk [BRaRETIN L g Tk
M3 Shannon-WienerZ ¥E1EFE % H'=- p;In p;, p A iFIIAREE 4 L N3
M4 Pielou 5] JE 5 # J=H'InS, H' ¥Shannon-WienerZ Ff 14 i 4 TR
M5 TEBE R Tk B A AN A S T B R BN A R R 4 LTt
M6 JE NS JE BRI A A TkE
M7 S NEER SR SR A A ET+
M8 JE N EESS  E Jil TR 28 S 4 bt
M9 TEER IR AL TR R L E TkE
M10 TEBER L H I L T R A O B0/ ) MRS A A IR 3 < 100% NG
Ml1 T + 2RI L T b T -+ RN M 8 ) N 2R B A KL < 100% TE
M12 =M E S BT = R0 T 20 B ) DB 2 S A R 2 < 100% LTt
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5% D EUE N A BB AT TR, 7V (K
{E—HBEE )/ (e KAE-5% 3 AL U, %iEE, &t
SR AR ARG 90—1, T 1, e 1™,

(5)P-IBIfA Z fi BEVEAN: A2 A P-IBUHE /3 Afi
(1125% 5 B EAE A FRVEAN IR BR e, 5 KR s P-
IBUHE K T-25% 7 Wi 8UfE, MRS 124 s 52 BT
AR, TR E S A BRI % /N T25% 73 A BB 1) 73
A YE FIEEAT VU SE 4y, 0 i e e . e —
. BzE. WEAAMEFES R,
1.4 BARSH

K HIWI# = & ¥ (Species Richness, SR), &+
J& (Total Abundance, TA), Shannon-Wiener% ¥ 1415
#((Shannon-Wiener Index, SH, H")fIPielout’ =] £ 5
% (Pielou index, P, J)XT J&] A8 25 (1) 3 7 Fat o 14 AN
S S E AR AT b o AW FUAR HE & K AF i
INGEESS B R A2 AU A G 3 B2, K - Menaughton i
4 FEHB E(Y) A 7 T 5 AT VLI 38 DA B R
Ml E . BARWR: ()# =S FEE (Species Rich-
ness, SR): 13— Ff 5 Bk 2 LA AN 20
(2)4 3 B (Total Abundance, TA): Fi5 3 — K Af S5,
B 2T B TR LR 3R R M SR A A AR R (cells/
em’)"™. (3)Shannon-Wienerg A"

N
H'= ZP:’ Inp;
i=1

Arb, HE0—1AEG, 1—38H5(1—2 Na-Fi5
R, 23 AB-hi5 ), >3 NRIG LT ; p N R R
i o A R EL I (NY%) o
(4)Pielouts) =] i 15 %)™
J=H'/In §

A, JE0—0.38ZV5H, 0.3—0.4 Na-i57H,

1 o
T

B2 R B8 % i A R 22 Ak 1

Fig. 2 Types of box plots that meet the screening conditions of

discriminant ability

T PR T T R 25%—T5% 5 Wi B E /3 A Vo I A4k
N TTTE: Fos i g

Boxes are interquartile rages (25% to 75%); small squares are
median value

0.4—0.58B-H{5 8, >0.5%8 75 53 i SR A
FHEISE

(5)H B : Fi o — o DA 2 HH B IR B B
AR R T R

(6)ASHIE 7T K I Mcnaughton It %5 & F8 £ (V) >k )
S JPHE 65 R ATS VL0 38 ) AR AT 35 P 4L i, g T A st
T) P J) DA 28 ) 00 3 P AR A0 > P 2R I 38 FE A
(V)R g, RIKE Y>0.02 (19 F0 250 e S 2 K 8 1A
#HF, ARWF:

Y=(n/N)>f;

A, n 9B E BRI MRS, NN T T
INBER B AREL, ny/NJ9 SR Fh ] AGESR AR
07T R SRS B LU, £ 5 Bl AR
AR o

AT R S FHExcel i 47 40 it, A — R FkE
RUFT R A R BRI N3 IR AP . R
3.6.1THE WP =F & ¥ (Species richness, SR). &3
¥ (Total abundance, TA). Shannon-WienerZ £

BHU(H"~ Pielou}y ] ¥ $5%(J) M Mcnaughtonff #
FEFREL(Y), I Spss22.0XF 24 3t 17 One-way AN-
OVARRZ 7 250 #r, 2 7 W KF N P<0.05, 58
2 I 221 Rl PearsonAH 5 1) 43 AT 9487 FH Spss22.0.

2 4

2.1 FEMNELEHEEMFHES R

B AL FPRB A E T KA
S Te) M 00 5 R S 7, P AT VL I A FE DY R SR
e R A TERTOJE (Fi), 73 5K JE T 7111044
23H34%}. Wk 4R, OFEEEEE ] (Bacillario-
phyta). %% 11(Chlorophta). 7] ](Cyanophyta)-
BT 1] (Xanthophyta). ##% [ J(Euglenophyta). &
#:1"](Cryptophyta) #14: 7 ['](Chrysophyta), &
FEI12MAH ORI 25)E, SR 12409 H 1301238, Wik
12205 H7R4)E, ST IN2 H 2R 28, gl
I HIRME, BEETASET S IN H1RE.
HEA WS A BT A SR 55 10 8 R AR 38 18T o
LA (B 3), RO TT(35.71%)~ ZRiET]
(32.86%)~ TE#E1(20.00%) #REEI1(5.71%) i
17(2.86%) BRFEI1(1.43%) M43 171(1.43%), F£ W
JE NBESS R RE VR &8 M B A b 380 J8 T ek - S - R
KA

PAMcnaughtontft % FE 45 %4 Y>0.027 & N
Pt 4R, B 2 ), VR A K A
KA A SR, HIVA)E T RS, BAEMEA i
BHEI3JE, 2 e AR (0.092) . MaAT &S
(0.020)F1Z5 F 3 J& (0.132), FFTE B R K 8 8
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Tab. 4 The periphyton algae composition of the sampling period of the main stream of the Yarlung Zangbo River and its four major
tributaries
TR (1 e, AOTPO: 1 o
> 2 pn LA % H L34 N oy PR % H LIAJE
K AL 1l 7 R AL o %
S RAGAE Frequency of  Percentage of 8% PFRAG Frequency of  Percentage of 8%

Classification system (code)

Classification system (code)

occurrence the total number Y occurrence (%) the total number Y
(%) of individuals of individuals (%)
1 ¥ 1 Bacillariophyta #47% H Oedogoniales
4K Centricae fH# ARl Oedogoniaceae
§i75 % H Coscinodiscales 47 Oedogonium PPL-16 0.85 0.01 0
it FL Coscinodiscaceae NII*E# H Cladophorales
B Melosira PPB-1 5.13 0.03 NIl =& %} Cladophoraceae
/IR Cyclotella PPB-2 7.69 0.01 NI=& 7 Cladophora PPL-17 0.43 0.00 0
T8 4 Pennatae WU BN
Zygnematophyceae
Jo7e4% H Araphidiales X ¥ H Zygnematales
WEAF 7 A} Fragilariaceae MR #EFL Zygnemataceae
BN #Asterionella PPB-3 1.71 0.04 0 || WA #:Zygnema PPL-18 2.14 0.00
£+ 4T Synedra PPB-4 79.91 11.54 0.092 || ¥ #: Mougeotia PPL-19 427 0.01
WAt ¥ Fragilaria PPB-5 66.67 3.05 0.020 || /K4 Spirogyra PPL-20 6.41 0.07
% K #:Diatoma PPB-6 81.62 16.17 0.132 || 7% H Desmidiales
I8 J& ¥ Ceratoneis PPB-7 32.91 0.21 0.001 || & # £l Desmidiaceae
15%4% H Raphidionales #1 H ¥ Closterium PPL-21 0.85 0.00
$H.5% 3 FEunotiaceae u% % Cosmarium PPL-22 3.42 0.01
Ji1 4% Eunotia PPB-8 1.28 0.00 0 2255 Desmidium 0.43 0.00 0
PPL-23
XU 7t4% H Biraphidinales #%%1]Cyanophyta
FHE #FINaviculaceae ¥ ¥ 2M Cyanophyceae
WhBUE Frustulia PPB-9 1.28 0.00 0 || Xk H CHroococcales
i 8L Gyrosigma PPB-10 5.13 0.00 0 || ER#EERIChroococcaceae
XUBE#E Diploneis PPB-11 0.43 0.00 0 ||"F##EMerismopedia PPC-1 1.28 0.02 0
S BEWE Caloneis PPB-12 5.56 0.06 0 || RERFER}
Synechococcaceae
T Stauroneis PPB-13 2.99 0.00 0 ﬁégizﬁﬁDaclylococcopsis 5.98 0.02 0
PG Pinnularia PPB-14 27.78 0.11 0 || E¥Ki#EAsterocapsa PPC-3 0.43 0.00
FHE#ENavicula PPB-15 61.54 11.76 0.072 || 13k Chroococcus PPC-4 1.28 0.02
M %R Cymbellaceae HiER¥E Gloeocapsa PPC-5 0.85 0.00 0
& # Amphora PPB-16 37.61 0.23 0.001 || & H
Chamaesiphonales
WM& % Cymbella PPB-17 56.84 7.11 0.040 || & [ #% %l Pleurocapsaceae
5 #F}Gomphonemaceae J& ) #: Pleurocapsa PPC-6 2.56 0.00 0
i(éﬁ’éﬁDidymosphenia PPB- 2521 0.05 0 || Bt A HHormogonales
ﬁ W% Gomphonema PPB- 59.40 5.27 0.031 || £k i %} Stigonemataceae
H 72 # £} Achnanthaceae f’}\) ?:? ?&Hapaloszphon 7.69 0.02 0
YW Cocconeis PPB-20 11.97 0.06 0 || 2k HNostocales
;il YR FE ¥ Eucocconeis PPB- 24.36 0.33 0.001 || 2RI Rivulariaceae
ih 7% #Achnanthes PPB-22 86.75 19.06 0.165 || B ¥ Rivularia PPC-8 0.85 0.00 0
Z . #FINitzschiaceae S ER#ANostocaceae
5% #:Nitzschia PPB-23 84.1 22.97 0.193 || 3R 22 Aphanizomenon 0.43 0.00 0

PPC-9
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g HE wmme Ml o
K ST LA 25 A S - LA R e

S RAG Frequency of  Percentage of  f5% ARG Frequency of  Percentage of %X

Classification system (code)

Classification system (code)

occurrence (%) the total number Y occurrence (%) the total number Y
of individuals (%) of individuals (%)

WZE P Surirellaceae REREENostoc PPC-10 2.99 0.00 0

% %% Cymatopleura PPB- 5.98 0.05 0 || BB

24 Hormogonophyceae

3% i Surirella PPB-25 14.53 0.16 0 || B H Oscillatoriales

£} ] Chlorophta B % Oscollatoriaceae

£ 74X Chlorophyceae 835 Oscollatoria PPC-11 41.03 0.62 0.003

M3 H Volvocales B4 Chaetonema 0.85 0.01 0
PPC-12

AR} 824 3% Lyngbya PPC-13 24.79 0.30 0.001

Chlamydomonadaceae

A ¥ Chlamydomonas PPL-1 0.43 0.00 0 J5: ¥ 75 Phormidium PPC- 23.93 0.23 0.001
14

£%BR H Chlorococcales #1351 Euglenophyta

/N i Bl Characiaceae RN Euglenophyceae

/\N¥5 ¥ Characium PPL-2 2.56 0.00 #17% H Euglenales

£XERBE Chlorococcum PPL-3 10.26 0.06 R Euglenaceae

/NER Rl Chlorellaceae # i Euglena PPE-1 0.85 0.01

/WERE Chiorella PPL-4 9.83 0.01 0 || ¥ Phacus PPE-2 0.85 0.00

¥ 1 #iKirchneeriella PPL-5 0.43 0.00 0 || ML Trachelomonas 1.71 0.01 0
PPE-3

MRl Scenedesmaceae Wi#R#E Colacium PPE-4 0.43 0.00 0

+ ¥ Crucigenia PPL-6 0.43 0.00 #& | ] Xanthophyta

W Scenedesmus PPL-7 3.85 0.06 1 ¥ 2¥ Xanthophyceae

#2.3% H Ulotrichales HiER7 H Mischococcales

22 3% R Ulotrichales JUi R
Pleurochloridaceae

#238 Ulothrix PPL-8 7.26 0.04 Bl #EMonallantus PPX-1 0.85 0.00 0

JE42 3 Uronema PPL-9 5.13 0.05 % 223 H Tribonematales

e, L8 Klebsormidium PPL- 0.43 0.00 i 22 3% Fl Tribonemataceae

10

AU R Microsporaceae 22 B Tribonena PPX-2 5.98 0.05 0

WA Microspora PPL-11 5.56 0.03 0 ||F3EEICryptophyta

fa # FCylindrocapsaceae F& 744X Cryptophyceae

T8 ¥ Cylindrocapsa PPL-12 0.43 0.00 0 || K& H Cryptomonadales

J5: "B H Chaetophorales f& # £l Cryptomonadaceae

Ji: B ¥ F} Chaetophoraceae V& i Cryptomonas PPR 7.26 0.02 0

T4t Leptosiropsis PPL- 0.43 0.00 0 || 4:#1Chrysophyta

13

B ¥ Stigeoclonium PPL-14 5.13 0.02 0 || 4 #4Chrysophyceae

4k H Ulvales 7K #4 % H Hydrurales

& EF}Prasiolaceae 7KW R Hydruraceae

&% Prasiola PPL-15 0.43 0.00 0 || /KW ¥ Hydrurus PPS-1 2.56 0.01 0

(0.072), My EEAH M 25 35 )8 (0.040), 7 AR
S EEJE(0.031), #hSe R it 72 )8 (0.165), 32
TE R 22T #:)8(0.193)
BAMNEXEZSHNTESE 26K
FERSEEAT IR I, P AEE SR 323 (SR 2
(A4 R an P 4n] s, TR B S (A1—A26)

JE| DA TR IS (107 SRIZR T 1 O, 0 o2 g A YL A e 5 R AT
TR T — 2SR, H(A12—A16) A Y
SR K T HES AT TR FF(A2—A9) M
KSR, JEVETT(A17—A20). FipEil(A21—
A24)FIAEHE ] (A25—A26)3 %6 R L S i i A2k
ISR A S K T T & AR T T _EF(A10—ATL 1)
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INEEZSISR. WP STl N, A MRS ERE(TA)K
A AL TR s WA B AT L (A12—A16) A 2R
TAW B KT S BAG T TI0 F i (A1—A3) A3
EITA, BVE(A17—A20) IR (A21—A24)
JE N 2K T A B I8 K T & e AT VL T R Ui
(A4—A9)JH ML TA, 45 (A25—A26) 5 )
BRI TAM B R T HEE ML TR FIFA10—ALL)
JA NEERITA . BT LR EOEAR SRR, S A
YL 900 A S I SR TA B RS AR T FLAH R 52
T AR SRFITA

MDA TE] AW, 264K A% s i A5 2K 1 Shan-
non-Wiener% £ 14 8 B (H) A2 1E ~4.84—9.41, ¥
B 47.38(1 6) H'MEZS [RIZZALINR : BRAEE AL
TR P F(A4—AG6. A8 H'EHA W N H R
o] R Y% Bl Ah, Fo A K HE U s B T 2%, B
HEE AT VLTI MR A 2 (AR HE &K,
N9.41, FEE AR T S H B T A (A6
H'ME /N, N4.84. HIE TR %0, Pielou ¥ 5] TRk

[ f:#[ |Bacillariophyta
%% ]Chlorophta

1.43% EEH £ 1Cyanophyta
286%- |14 EZ4 #f |Euglenophyta
5.71% =) 74 ] Xanthophyta

> B4 [ |Cryptophyta
2\ E= 4% |Chrysophyta

35.71%

20.00%—11
(
|
{

32.86%

P 3 TR AT VL ) DA SR ) S 2k
Fig. 3 Species composition of periphyton in the Yarlung Zangbo
River
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Fig. 4 The spatial variation trend of periphyton algae species
richness in the Yarlung Zangbo River Basin

(IS~ 2.41—4.80, ¥IME N3.30. JIE %S [EIAR1L
R s R A L AL R T O S A AL (A4 —
A6, A8) K ST T (A17T—A20) IJE R, 15
JIEI>0.5, HeAh, HRKEIE R &AL, HifES
JEAT VLT Ui 1 2 L3 i (A3) B B K,
N4.80, JE VAT EL VAT JE R A2V AL (A 19) I 5%
/AN, H2.41, WUE SR I Shannon-Wiener £ £ 14
FRE(H ) MIPielou 355 FEFRE(J) I A R B BEANHE
AT LI IR S RS B, (BT R I K38 1

—— e —

algae (<107 cells/cm?)

CaoTaenEaSanTnor Koo
R i,

FHE 4 Sampling point

NONPEAOKON RO

NN SHN\O
SIS
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FEBREBEE
The total abundance of periphyton

25|
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Fig. 5 The spatial variation trend of the total abundance of peri-
phyton algae in the Yarlung Zangbo River Basin
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Fig. 6 The spatial variation trend of Shannon-Wiener diversity
index of periphyton algae in the Yarlung Zangbo River Basin
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Fig. 7 Spatial variation trend of the Pielou evenness index of
periphyton algae in the Yarlung Zangbo River Basin
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TEREARSHIC T H AR TR A K.
SEQSTERCANELEZSH T W
2P, 2671 KRAF BRI 4 21255 RSN
e, S RGN ER A
(SR). M ERE(TA). Shannon-Wiener % Ff P4 $5 %1
(H"F1Pielouy) ) FEFEH () HEAT B DK 32 U7 Z M40 M
(R 5). RN, %5 L NERMSREZE KT
15 G 15 AT 2R SR (P=0.014<0.05), % 55 i A\
FERITAN TGS A A NEZRNTA, B ERARE
#(P=0.326>0.05), Z% i I NI R I H B35 KT
15 G4 R N EE 2R I H'(P=0.005<0.05), % i A M
BRI RTiIB g m AR, HERAR

(P=0.730>0.05).
22 WEEALRERRITN
EFEETR  FIRE o (E 94 R &

7N, JEEEE B IR H T E(M2). Shannon-Wiener % £
PEFRH(M3) Ji BRI R R (M6), L34S 4
FRFRTFE R, AT HEN T —2 7.

X 3R 25 R % H 1K 33016 bR i3k 47 Pearson 56
PERS 6 (SPSS 22.0; % 6), 45 B s, AR 85
JCE(M2). Shannon-WienerZ2 F£ M 5 Hr(M3) Al
IAEE R Fh A EL (M6) B AH OGP SR E PR 2 [3]35)
[r<0.75, FF & & 2K

A4 DL 075 2 7 9 0k 12,35 JB AT 2K AR W 2
B AT ISR, fe & P-1BIFE 2 AF Ak & 25 FR e 4
(M2). Shannon-Wiener 2 F£ P55 (M3) Al M i
R EL(M6) L33 Bk ko

P-IBI AR EITERITSFE K
I FE AR 2 N 3 ik 4k, Rk
TR S TP E (R 7—9).

WRYE 3 A HNERITE ARt (R 7), ¥ 0k BT i
FRFR I AME AT AN, RIZRASP-IBUE . LAZ5 rill)
25% 53 BUN B AR MR, i 2 P-IBIR AR R A
FRUEER 10), 315 H 5 RAFE 2R N BE AR ) 50 8
PEVE 7Y R KRS58 (8 HOR S VAN, 25 a0 R : 75261
SRFE S5, 18N SRAE s /K PR 1 4 BRIR S VPN &5 1
FBERR, SN RAE m K IR BE [ fd BER SN &5 R N
AR, 2/ RAE mi /KBRS (1 f BRSSPI &5 SR N

— B, 1A RAE UK G 1) g BER A TP 45 RV
e, = NERTG G S KR g BEIRAS VRN 45 R
Nz B ZE- AR R, = HilVEx S5 55 K IR B (g
RSV 45 Ry AR -1 R, =42 267K
FE A 1) 7K PR A RS P &5 J N B2 - R
(# 11).

R VU 23 2 T o AR E (SR 8), #4977 1k i 15
FebR 0 E AT AN, RISRASP-IBUE . LAZ5 )
25% 5 i BN B A R A, B 2 P-IBIFR bRk RITAN
FRUE(ER 12), BETIAS &R FE U AR AR ) e %
PP 7 B K R 358 i BE R DL VEAN, 45 SR R 267K
FE R, 164K FE SUKPREE )4 RSP 45 RN
R, 34 KAF UK PR EE 8BRS TRAN 45 RN T
R, 44 KAFE RUK IR EE B BRSSP 45 R —
f, 3/ RAE SR AT (A BER A VPN 245 TN,
VY 73 il 015 G s 7K IR B4R BEOIRAS VP &5 2R
B 22 - AR FE; DU 43 A XS 228 i /K PR 5 4 Btk
BIPN RN — M-8 DU 3 vk 261 KA A
BAR P KIS RIS VPN 45 R A BRI (R 13).

MR LUV BT A AR E(GR 9), s 077 1k BT 15 48
PRI AEBEAT A, EDERASP-IBHE . LS5 1
25% 5 L BN B A ERAE, 7 e P-IBIFR FRAR RAPAN
PRUE(R 14), BETTAF B &R AE SR AR A 2 %
PEVF 53 RIEK P58 4 BOR G VPAT, &5 a0 T 2261
RFE S, 167 RAE SUK IR g BORAS VRN 45 R
FPERE, TARAE mUK (g BORAS PP 45 - A
A RR, 34N RAE sOK PR (1) 48 BERS PRI 5 R
— s LUAB VRS G f K IR A BEtR S PR &5
N M-V 5 PUABL VAN 538 A 1 /K IR 5 4 R
AV 45 S WA B R EUAEERT 261K F AT
BAR B KIS RS VPN 45 R — AR (R 15).

K =i D 23 32 R0 B AR 2 0o o 45 ek
VLRI 21 5% HRISANTG G 55055 B HEAT VR,
FERF IRV TT LB 27 fURTS G 45 4y, 34T )
BIAE (B 9), SRR, UL E3KIES Tk
FR) S ) R 0 AR v, 303 A S B 1) e A R,
B SR P A ART — o 7 925 20 0 FH T A 98 2 7K e 11 ik e

T

*5 EEREERFAMAEENEESRH(THEHTES)

Tab. 5 Periphyton algae community parameters at reference point and pollution point (mean+SD)

205 PiFhEE E’ﬁifﬁ R Shannon-Wiener Pielou 2] &

Group SR(FH) TA(x10 cells/cm’) ZERREH fizk1 0
%% s Reference point 10.52+2.32° 290.92+321.78 7.64+0.87° 3.3240.59
V53¢ i Pollution point 7.6+1.67" 460.46+536.21 6.28+0.93" 3.2140.80

1 Fg A B R AR B RN 72 R A R 3E (P>0.05), A E/NG FRER IR ZE R 8.3 (P<0.05)
Note: In the same column, values with no superscripts mean no significant differences (P>0.05), different superscripts mean significant

differences (P<0.05)
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3.1 FHEEEAIIREEMNELERET
AW FE KL %5 5E A A EESET 1104923 H

Reference point Pollution point Reference point Pollution point

¥ 5. Sampling point

7

2% 1, 15
Reference point Pollution point

#£ 55, Sampling point

¥ 5. Sampling point
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Fig. 8 Box plot of each selected P-IBI indicator at the reference
point and pollution point

M3 S35 S i B ALK RRAE SR AL, B THE
Note: the deviation point 1 of the reference point in the M3 figure
correspond to the sampling point A1, which is an outlier

F+ 6 ZIEP-IBIEFRAIPearsontB XM 5347

Tab. 6 Pearson correlation analysis of alternative P-IBI indicators

JE VI A R ILIO61 130898 hE YT B
61167 8", 352 [R] Jy J& i T R0 308 [ 1 VL B 34 A T
AT LIS 8 23 K T, FE R 2 DR LR A T
AHETE . H 5 A K IR BE A I A DX A5

5 59| 4 (VR e, KT 5 BB IR %, Th
£ o =3 6 =3 AT AT 0B -3—16.2C, &K
B SR AR 28T, AR K AU M
£, 2% IKIREBI15C DR, SEHAI 4 2 8 ) (P4 2
B e s sen LT, RS FF AR R T, P b B M

FAEAEARIR K A Y AR BE0H, L Ah, R IR
SR ) 58 AN S 2 R T RS I R 4 ), = K
WBEH SR,

PRI SRR SR R AT 3 e
FREE. SR, FHRER. S, . hse
BEAZEIEEE, LA M ISR TREBE T A A, X
S REE AR IR K IR B A A U M A LR
el MR T R R 1 L SR T AT T T RT3
DL 1128, MOiZ /K Ja fik - e - W R L 5, i
PR ) R AR TR K AR A, S AT Rl 5 9T I S R
SEOK LTS R, (AT K B i, K A rh
Fedh & B, (Heh A BRI TR B b A
32 FAEEMESEMDREEERITMN

BERY I 2 FEPE AR AN T3 A RFAIE, B RE BLIZ
SRR 2 R S5 BRI VR 4 h A
5E VS RPIRAS, G R A1 HEX K PR B ¥ g BERAS EAT

5 FRIndex M2 M3 M6 PPN BT DUBEAT R AT (4 A 2 RE R B
M2 1 MEPE BT, MKESRG KEER X E R, K
M3 0.367 1 Shannon-Wiener % 14 5 2 Ml Pielouds) 2] i Fa £ %k
M6 0.680%** 0.013 1

{8 AT AU, BB U B A AR AR

®7 ZAP-IBLERESR RPN R 0FE T HIRE

Tab. 7 The distribution of 3 P-IBI indicators in the reference point and the scoring standard of the 3-point system

451143 4 Statistical distribution 1143 ¥r#EScoring standard

i xIndex 25%4) (4 thirE 75% 53 ¥ 6 3 0
25% quantile Median 75% quantile
M2 7 11 15.5 >7 3.5—7 <3.5
M3 6.94 7.54 7.91 >6.94 3.47—6.94 <3.47
M6 8.56 10.56 12.39 >8.56 4.28—8.56 <4.28

®8 Z=APIBLIEIRERM AR PHS 6 RASHEET SIRE

Tab. 8 The distribution of 3 P-IBI indicators in all samples and the scoring standard of the 4-point system

il 4347 Statistical distribution 114 5 #fEScoring standard

i
Jibn 5%k 95% 7 Rk ] A ) o
5% quantile 95% quantile
M2 235 18.3 >18.3 12.2—18.3 6.1—12.2 <6.1
M3 5.26 9.39 >9.39 6.26—9.39 3.13—6.26 <3.13
M6 5.63 14.83 >14.83 9.89—14.83 4.94—9.89 <4.94
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JE MRSy A 35 50, KRS ™Y, Rz, Bl

TIN50 B ) NS I [ B K /D, I T 2K 4 A

K5, KR A2, 75 #5118, Shannon-

Wiener % FEVE R B0(H) (175 18 H94.84—9.41, B{H K
*9 LHEEITE3IN P-IBIIEMRSEIAR

Tab. 9 The formula for calculating the scores of 3 P-IBI indicators
by ratio method

— vy v 3 CH ~ i N
fahi SR oswsppir M TIEORBL AL
Index 5% quantile 95% quantile P

interference formula
M2 2.35 183 TR M2/18.3
M3 5.26 9.39 TR M3/9.39
M6 5.63 14.83 R M6/14.83

7.38, F/AME>3 (% 15 BT Kk 44) 5, Pielou $4
JEFE () AR IE J92.41—4.80, 418 J93.30, Fe/IME>
0.5(F%¥5 B s T K f4)"°, BB, 2013—20144E, T
E ATV LI T SO AR R T T T KA

AHIEFUEE TR N TSR T VR 4 4, ) JE DA
K% 22 (Shannon-Wiener 2 FEMEFE 2. Pielou
50 B Fa B0 FIP-IBIVEA H8 Ao A 22 6 T8-S A VI

£ 12 S HEP-IBUARIFMNiRE

Tab. 12 4-point method P-IBI system evaluation standard

e A — B W%
Health Sub-health General Poor Very bad
>9 6.75—9 45—6.7 22545 <2.25

£ 10 =HHEAP-IBIHERIFNIRAE
Tab. 10 3-point method P-IBI system evaluation standard

% 13 TSHAP-IBIIARITEMER
Tab. 13 Evaluation results of the P-IBI system based on the 4-
point system

e A — %= Wz
Health  Sub-health General Poor Very bad
>15 11.25—15  7.5—11.25 3.75—7.5 <3.75

£ 11 =HHEAP-IBUSRIFNER
Tab. 11 Evaluation results of the P-IBI system based on the 3-
point system

P eI KA A R P-IBIfH  {ERERM
Sampling point Sampling point nature P-IBI value State of health
Al 2% 1 18 1
A2 S 15 e R
A3 2% 15 1 B
A4 IeE =) 12 TP Ak
A5 R J= 9 — K
A6 P J= 6 L
A7 IeE =) 9 —
A8 R J= 12 RIR(ESE3
A9 ZH i 12 oA
A10 S 18 fa e
All S 5 15 e R
Al2 Z# 1 18 1 B
Al13 e 12 0 Ak
Al4 S 15 e RR
Al5 2% 15 1 B
Al6 S 15 fa e
Al7 S 15 e RR
Al8 2% 18 1 B
A19 S 15 fa e
A20 ZH 15 e R
A21 2% 15 1 B
A22 S 18 fa e
A23 e 18 e R
A24 2% 18 1 B
A25 e 12 0 Ak

A26 e 18 R

PRI PRI P-IBIf  f#EEIRDL
Sampling point Sampling point nature P-IBI value State of health
Al SN 14 1
A2 ZH R 10 i R
A3 S 10 (2353
A4 V5 6 — &
A5 V5 R 4 L
A6 1Y R 4 B
A7 V5 4 B
A8 EE = 8 Ak
A9 2% 1 6 —fi&
Al0 ZH R 10 1 R
All ZH R 10 i R
Al2 S 10 (2353
Al3 ZH R 8 A
Al4 ZH R 6 — &
Al5 2% 1 6 —fi&
Al6 ZH R 10 1 RR
Al7 ZH R 10 i R
Al8 S 12 (2355
A19 ZH 1 14 1 RR
A20 ZH R 12 i R
A21 S 12 (5355
A22 ZH 1 14 1 RR
A23 ZH R 12 i R
A24 S 10 (5355
A25 ZH 1 8 P
A26 S 10 1

= 14 tH{EEPIBUARIFNFRE

Tab. 14 Ratio method P-IBI system evaluation standard

ek e MV f R — K W &
Health  Sub-health General Poor Very bad
>1.87 1.40—1.87 0.94—1.40 0.47—0.94 <0.47
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£ 15 HLEEP-IBIARIFNER
Tab. 15 Evaluation result of P-IBI system by ratio method

PRI PR E i P-IBIfE  fERERA
Sampling point Sampling point nature P-IBI value State of health
Al S 1 2424282874  fiEE
A2 ZH R 2.166687325 {@5R
A3 ZH R 2.34100831 {gER
A4 P J= 1.685658268 WA
A5 P J= 1.378786827 —K
A6 V5 R 1.15888489 — M
A7 P J= 1.212114653 — &
A8 P J= 1.652750646 i fd
A9 ZH R 1.487519247  WiAfdH
A10 S 1 2.124446613  fiER
All ZH R 1.902590806 {@5R
Al2 ZH R 2177969312 fi&)E
Al3 S 1 1.655644884 WA
Al4 ZH R 1.896483307 {@5R
Al5 ZH R 1.673205096 i {d A
Al6 S 1 1.837847045 WA
Al7 S R 2215788712 {@5R
Al8 ZH R 2.5539379 {gER
A19 S 1 2626512334  fiER
A20 BH 2.29007184 {e
A21 ZH R 2.14948491 {gER
A22 S 1 2743481143 fiER
A23 S R 2.687728182 {@5R
A24 ZH R 2153306829 {5
A25 S 1 1.734677613 WA
A26 S 1] 2.086615721 {dER

BoKAESRGEHAT RV, SR ExR: A
B BEYE P Shannon-Wiener % FEPEFE £ . Pielout?)
21 BEFRECFIP-IBIVEA Fi b A4 22 00 e A7 VL I 33k
PIVPA 4 A — 2. it A 25 V% 1 Shannon-
WienerZ FEVEFR B Picloud ) e 0 5, 15 4
KU1 Shannon-Wiener % Ff £ 35 £ F Pielouds 21 5
BB 22 SN, BT G TS RS B S
PEEIRES Z . fEP-IBUFAN RIS A R, V5 5L sk
A N BRI S, X MR IE 4 S iE TS
REBRSHE S EEIRSZE. B3R 20 H, REm
5 9% r A0 0 AT TS A VL T U i, SO
TR EEAR R, TS 5B AT VLA 3 9 b i A
AR SCRIKAETS RS i FRORAS IL T e &5k AT VLI
AR AR EIRES

J& M\ SR 2 U P-1BIVET $8 bR & 1O F
e B, FEAR S W 1 e ek A VA Ik R K R B A AR
B3R SRR o P AT VLI A R Kk B
(R RASE s JE 30 TG W 2 R K R K e TR R 18, TR

AFZV SRR, NN, K G, fd AR
AUF o TS AT VLRI I K I8k % B R
R JE I XN T KRR BOR, I T 2 W
Fs SRAb ] AI7K ki &5 TR v, HmT s = il
ARSI T AL D, WA E IS, B
#25f)Shannon-Wiener % ¥ M 45 £l Pielout’) 2 FE
TR BN TF & 55 -5 v B K AR bR, (H B0E 535 Dk
ZIN, i B N S I AR B 52 SR A RV R KRR
YENV IR 5200 o e 5 A Y908 38 90 b e /K S
(A RAE P J) 30 X3t 2 A K Sk, AERAE i 1Y)
AT G, AR SR R T, WO AR LRI o e g
o WA RE AT VL A A\ 25 Shannon-Wiener £ £ 14
fe B A Pieloudy &) L HR BN EA13 S HIAL16 T R FE
B, 5P-IBUFM R bR A RXFA13 5 FIA165 K
FERBIVE a5 R LA IR S —2, X5
A135 KA s KR L 2, AR T MGsE S 1 b
EHEKA R, A165 KIF s 7E L VER 43 i P-IBIVE
M Fabrth R h R RORE, 78 = 2 7E PG 43200
53 FIP-IBIVFAT 4B AR 2 Hh 24 Bk, X gE S5 A
T EHMR I KNEA I, B3 BZ KA S A5
KOS JE NGRS AR 358 72 2 T s, (HZ AN R, 7R
W B M % R PR K PR R A BRAS o VIR R
BB 4 KA SR A AE R BTt T8 A oK
A ZEA, AERAE ] R AR M 7 5 R v, HARAE
B RPN TE R, P R B B 4 KA A
(100 i 300 A B o R A, ] PR A K = A A, T
PRI B AR ST, /K BTIE L, WUE TR AN R ] 3
ARG 15 G sk, HP-IBIVEFAR 48 bR A 255 Je v A
P AL ) PR S SR B e BERAS, R AT A
M 25 i Shannon-Wiener % ¥ V£ 15 A1 Pielout?) &)
P FR B 55 A 5 15 7 B KR AR HE A — 2, H e
I RN 7 1% 0] SRR AR A EE 2K ) Shannon-Wiener
Z FEPESR B Pieloud’) &) FE 16 B350 v R 3, 1X
AR S R T B XN D3 8 ¢, iU
X SR PR AL R OK A S R g e . FRE
TIPSR E T2/ KA A, RIA255 KA R 7E R
11, AT RE A2 B A TE K 952, DA BEIR A,
A26°5 KFE UM 5, P-IBIVEAT R AR 1A R R
A LA RS BT, 1X 52 KR A B 1 B A
#:25Shannon-Wiener 2 1 1 15 2 f Pieloud’) 2] BE 5
HOMH— 2L

SCHR[46—481F5 Hi: AN RT-HE 2 52 i e
(IREVR 5 K00, AT 48 7 7K AS [7) 55 20 1 g BEtRAS o
BB R AT VL IR 3RS P R 58 PN e o = R R K R,
PRAE 7K IR 55 (1) 48 FEFs 1 <7 37 04 ek 75 Ll 237K 1)
Fetilh, WA TE S AR LMK AES KRG AL A



1828 K& A& Y ¥ 46 &

20 15 3
15

» F 4 10 i:] P 2

£ F bS 4910 &] g E

o <+ 5 1
5
0 0 0

Reference point Pollution point

Reference point Pollution point

Reference point Pollution point

F£ 55 Sampling point FE 15.Sampling point

9 =RV IEHINAE S50 A
Fig. 9 Analysis of discriminant ability of three types of scoring
FE: A HIVERLE S SR 4. 9 1073 FIXT RCRFE A9, Aldy ALS, JBEHHE

Note: deviation points 4, 9 and 10 of reference points in the 4-point system correspond to sampling points A9, A14 and A15 respectively,

Ff 5.Sampling point

and are outliers

PR ZH R AN TE WA 3 A 85 RIR 55, R AN Ui
FR i RREAN A RE AT ARAR AR o

4 ZEig

(1)2013—20144F, 7EHE & i An VLT S0t
W& 3 A A FESET 17104923 H 34RF70)8 (Fh), HEFE T
(35.71%)~ £33 11(32.86%) M1 #171(20.00%) N HI
IR, PRFAFP CUREE ] SN =, 1K
Sl S e - - M R KA . ()N A XA,
5 A VLA T R AR SR M P Bl =F & (SR
A B (TA) I FEAK T 3 9; Shannon-Wiener% £
PEFE B AR 1 4.84—9.41, Pielou 3J5) B H8 5 1)
AR N 2.41—4.80, W 2 /K I8 A R 1 75 1 3 ik
TR . (3) M Jo A VL Sk A SR I R W 22
PERFIE S5 P-IBIVEAR 1 28 3 [R] 350 B - & ek AT VL It 4k
T bR R Hea KSR K AR S R G fE BEIR AR
A ST L U R R A RS

S ik

[11 WangL, Cong Y T, Lu Y N, et al. Benthic algal com-
munities of Taizi River and its main tributaies in relation
to environmental variables [J]. Journal of Aquaculture,
2018, 39(7): 6-10. [T, M F, /5 A, . KT
I T SO SR R S M TR R &R (D).
K= 9548, 2018, 39(7): 6-10.]

[21 SongY Z,Zhang Y D, Zheng J W, et al. Periphytic algae
ecology in freshwater lake: A review [J]. Chinese Jour-
nal of Ecology, 2016, 35(2): 534-541. [REZ, k4,
R, & WAKIIA A SR A A AT FU kR (7). 2R
AEuiE, 2016, 35(2): 534-541.]

[31 LiulJ K. Advanced Aquatic Biology [M]. Beijing: Sci-
ence Press, 1999: 261-262. [XI5 5. @K ALY+
M]. db 5T BF2E R, 1999: 261-262.]

[4] MaMY, CuiL]J, Zhang M Y, et al. Primary production
of periphyton and their relationship to water quality in

[3]

(6]

(7

[8]

]

[10]

Baiyangdian Lake [J]. Acta Ecologica Sinica, 2018,
38(2): 443-456. [ B4R, LR, K2, &, Qe
B BRMHILEF 1 RIS KBREIRZR [J]. LR,
2018, 38(2): 443-456.]

Ding N, Xu D P, Liu K, et al. Characteristics of periphy-
tic algae communities in Wuli Lake, Lake Taihu [J]. Acta
Agriculturae Universitatis Jiangxiensis, 2015, 37(2): 346-
352, [ 186, AR AR 3, XUBL, &5 W) T BLIAE A R AR
SERIFFAE AT [T]. T8 AL R 244, 2015, 37(2): 346-
352.]

Chen CJ,Han Z Y, Zhu Y M, et al. Periphyton and its
application in water purification [J]. Chinese Journal of
Applied Ecology, 2009, 20(11): 2820-2826. [FRHE %, &f
EITE, RBHUE 5. A NS R AR AR BT A v i 2
[7]. BRI ZEZS 224, 2009, 20(11): 2820-2826.]

LiZ, Huo T B, Wu S, ef al. Assessment of river ecosys-
tem health in harbin section of Songhua River during ice-
free period based on periphyton [J]. Chinese Journal of
Fisheries, 2019, 32(5): 47-54. 25, B3Rk, s, &
BT A AL RO AE T G IR B 7K = 2= e vF A
[0]. K772 8, 2019, 32(5): 47-54.]

LiuY Y, Ayi Q L, Zhang S R, et al. Comparative study
on the suitability of periphytic algae and phytoplankton in
river health assessment [J]. Acta Ecologica Sinica, 2020,
40(11): 3833-3843. [, BRI, kAR, 5. &
Az 3 SN 35 SR A = e P DX ] IR R VP47 o ) 3
M LR 7 [J]. AR A4, 2020, 40(11): 3833-3843.]
Wen H, CaiJ L, Su'Y, et al. Characteristics of periphytic
algal community and its relationship with aquatic envi-
ronmental factors in streams of Lake Dianchi watershed
in wet season [J]. Journal of Lake Sciences, 2011, 23(1):
40-48. [3CML, %Ak, 5 E, & BRI IR F K
A A BRI IE L 5K R T I 5C & [J]. )
TARFE, 2011, 23(1): 40-48.]

Hu Z Y, Cai Q H. Preliminary report on aquatic ecosys-
tem dynamics of the Three Gorges Reservoir before and
after impoundment [J]. Acta Hydrobiologica Sinica, 2006,
30(1): 1-6. [BAET, SR, =k R & KR e K A4
RABNFIVILHE AL [J]. KAEAY 4R, 2006, 30(1): 1-


https://doi.org/10.3969/j.issn.1004-2091.2018.07.002
https://doi.org/10.13836/j.jjau.2015053
https://doi.org/10.13287/j.1001-9332.2009.0387
https://doi.org/10.3969/j.issn.1005-3832.2019.05.008
https://doi.org/10.18307/2011.0107
https://doi.org/10.18307/2011.0107
https://doi.org/10.3321/j.issn:1000-3207.2006.01.001
https://doi.org/10.3969/j.issn.1004-2091.2018.07.002
https://doi.org/10.13836/j.jjau.2015053
https://doi.org/10.13287/j.1001-9332.2009.0387
https://doi.org/10.3969/j.issn.1005-3832.2019.05.008
https://doi.org/10.18307/2011.0107
https://doi.org/10.18307/2011.0107
https://doi.org/10.3321/j.issn:1000-3207.2006.01.001

12 #1

FLPLFAE: J T A PSRN GRAT VLUK S R G Y

1829

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

6.]

Keulegan G H. Laws of turbulent flow in open channels
[J]. Journal of Research of the National Bureau of Stand-
ards, 1938: 21.

Cai L, Zhang P, Hou Y Q, et al. Demand, achievement
and issues of fish passage facilities [J]. Chinese Journal
of Ecology, 2020, 39(1): 292-299. [Z& &, T8, GERkREE,
S, RIS B B R . BOR S AFAE R A (1], 2R
A2pIe i, 2020, 39(1): 292-299.]

Zhao Z H, Ruan X H, Xing Y N, et al. Ecological charac-
teristic of benthic epipelic algae and the characteristic of
water environment quality in heavily polluted river in city
[J1. Environmental Science, 2009, 30(12): 3579-3584. [#X
PR, Brivesr, TR, &5, 38T s Gl 38 7K 5T SR AR
MRS AL RFAE [J]. R}, 2009, 30(12): 3579-
3584.]

Hu C H, Zhang Z H. Research on variation of floodwater
stage during the atrophy process of the lower Yellow
River channel [J]. Journal of Hydraulic Engineering,
2012, 43(8): 883-890. [#AH %, KR . T NI
IR T ROR AL AR TT [J]. KA 4R, 2012,
43(8): 883-890.]

Mei Y G, Wang S J. Variation of channel lateral
erosion/accretion and channel shrinkage rate in the Linhe
Reach of the Yellow River since 1977 [J]. Acta Geo-
graphica Sinica, 2016, 71(9): 1509-1519. [#F#[E, FFE
4. 19774 LAK ] I ] BT 2 I AR A B3] 3 2 4
TR (7). HhFE2ER, 2016, 71(9): 1509-1519.]

Chen Y N, Li W H, Chen Y P, et al. Water conveyance in
dried-up riverway and ecological restoration in the lower
reaches of Tarim River [J]. Acta Ecologica Sinica, 2007,
27(2): 538-545. [MRIVT*, 2= P2, BRIEMS, 5. Frigis B2
ARV T W E K S ASKE [J]. SR,
2007, 27(2): 538-545.]

LiuY Q, LiuJ Z, Chen Y J, et al. Environmental charac-
teristics and interspecific associations in the lower reaches
of the Kongque River [J]. Acta Ecologica Sinica, 2017,
37(8): 2706-2718. [XIALF, XU, MRk 4, 2. FLAi
NIRRT I A AR SR ) DR AR (D). R R,
2017, 37(8): 2706-2718.]

Duan X H. Ecological impacts of water and sediment
transportation on macroinvertebrate community in rivers
[D]. Beijing: Tsinghua University, 2009: 1-20. [EB{241¢.
TRV X IR AR B (AL A AT 5T [D]. Jbat: G4
K2, 2009: 1-20.]

Zhang Y, Xu C B, Ma X P, et al. Biotic integrity index
and criteria of benthic organizms in Liao River Basin [J].
Acta Scientiae Circumstantiae, 2007, 27(6): 919-927. [5k
T, ARBOR, SR, A LRSI AR A 3 4 e R A
VR AR SARE [J]. PREERLE AR, 2007, 27(6): 919-
927.]

Yin X W, Qu X D, Li Q N, ef al. Using periphyton as-
semblages to assess stream conditions of Taizi River

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

Basin [J]. Acta Ecologica Sinica, 2012, 32(6): 1677-1691.
[BOBHE, TR 7R, 2R ERFE, &5, T35 AR BRI R T it
BWOKESRGBFEVEN [1]. AR, 2012, 32(6):
1677-1691.]

Zhang R, Xu Z X, Liu X W, et al. Spatiotemporal Charac-
teristics of Land Use/Cover Change for the Yarlung
Tsangpo River Basin from 1980 to 2015 [J]. China Rural
Water and Hydropower, 2019(3): 106-111. [iK3Hi, 157
5, XUBED, 2. 1980—2015 4 M B A L it 1 1 b )
P 25 A R 3 (9], o RN KR, 2019(3):
106-111.]

Wang S, Wang S S, Fan F L. Change patterns of NDVI
(1985—2018) in the Yarlung Zangbo River Basin of
China based on time series segmentation algorithm [J].
Acta Ecologica Sinica, 2020, 40(19): 6863-6871. [T %,
FIE TV, B FE T 1] PR A1) 43 1 SR 1 6 e A VL
MIANDV1(1985—2018) AL A 5L [J]. TR,
2020, 40(19): 6863-6871.]

Liu H, Li X Y, Yao Z Y. Rainfall erosivity in Yarlung
Zangbo River Basin during 1961—2015 [J]. Journal of
Desert Research, 2019, 39(2): 166-176. [XI| &, ZER%IE,
WRIERE. 1961—201 S AEEH AT VLA W 12 1k 77 [J].
FRE bR, 2019, 39(2): 166-176.]

Liu H, Li X Y, Xiao J H, et al. Variations of Wind
Erosion Climatic Erosivity in the Yarlung Zangbo River
Basin During 1961—2015 [J]. Scientia Geographica Si-
nica, 2019, 39(4): 688-695. [XIE, ZEMTL, MK, &,
1961—201 5% JHE 6 ol A L1197 380 A et A 122 e ) 224K
[J]. HFERLEE, 2019, 39(4): 688-695.]

Yang Y J, Xu S, Liu R, ef al. Using epilithic algae as-
semblages to assess stream heath of the Ruxi River [J].
Acta Hydrobiologica Sinica, 2017, 41(1): 10. [#3#E, 1%
Vb, XH, A T A RS 58 B i RO B ]
TKAEZS R G BERIEN [0]. /KA 4K, 2017, 41(1):
10.]

Hu H J, Wei Y X. China’s Freshwater Algae System,
Classification and Ecology [M]. Beijing: Science Press,
2006: 23-900. [#E4Y, BLENL. T EVOKER RS
B A M), A6 B H R R, 2006: 23-900.]

Zhu H Z, Chen J Y. Diatoms from Tibet, China [M].
Beijing: Science Press, 2000: 1-353. [RE &, R,
Pl P iiee i (M. bt RBHE AL, 2000: 1-353.]

Yin X W, Xu Z X, Yan N, ef al. Community structure and
biological integrity of periphyton in the Weihe River
Basin [J]. Acta Scientiae Cricumstantiae, 2013, 33(2):
518-527. [BRJBHE, 4532, BRUR, &5, IR it 2E
BER MR 450 5 A S BRI TT (1], R 224k,
2013, 33(2): 518-527.]

Wang B X. Water quality bioassessment using benthic
macroinvertebrates [D]. Nanjing: Nanjing Agricultural
University, 2003: 74-99. [ £ #81. KR TCH )P
IRBUEMIVEN BT IT [D]. AL H UK MR 27, 2003: 74-
99.]


https://doi.org/10.13292/j.1000-4890.202001.029
https://doi.org/10.13292/j.1000-4890.202001.029
https://doi.org/10.3321/j.issn:0250-3301.2009.12.022
https://doi.org/10.11821/dlxb201609004
https://doi.org/10.3321/j.issn:1000-0933.2007.02.015
https://doi.org/10.3321/j.issn:0253-2468.2007.06.005
https://doi.org/10.5846/stxb201102090159
https://doi.org/10.3969/j.issn.1007-2284.2019.03.023
https://doi.org/10.7541/2017.29
https://doi.org/10.13671/j.hjkxxb.2013.02.002
https://doi.org/10.13292/j.1000-4890.202001.029
https://doi.org/10.13292/j.1000-4890.202001.029
https://doi.org/10.3321/j.issn:0250-3301.2009.12.022
https://doi.org/10.11821/dlxb201609004
https://doi.org/10.3321/j.issn:1000-0933.2007.02.015
https://doi.org/10.3321/j.issn:0253-2468.2007.06.005
https://doi.org/10.5846/stxb201102090159
https://doi.org/10.3969/j.issn.1007-2284.2019.03.023
https://doi.org/10.7541/2017.29
https://doi.org/10.13671/j.hjkxxb.2013.02.002

1830

KR R

46 %

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Barbour M T, Gerritsen J, Griffith G E, ef al. A frame-
work for biological criteria for Florida streams using
benthic macroinvertebrates [J]. Journal of the North Ame-
rican Benthological Society, 1996, 15(2): 185-211.
LiuHP, Ye S W, Yang X F, ef al. Spatio-emporal dy-
namics of aquatic organism community and their relation-
ships to environment in Niyang River Tibet: 2. periphytic
algae [J]. Journal of Lake Sciences, 2013, 25(6): 907-915.
DX, b3, A 0, S5, VEGELE P KA AE YRR
W2 EN A K S TR R 2. FHAEBES [J]. WmR
2%, 2013, 25(6): 907-915.]

Shannon C E, Weaver W. The Mathematical Theory of
Communication [M]. London: University of Illinois
Press, 1949: 125.

Pielou E C. The measurement of diversity in different
types of biological collections [J]. Journal of Theoretical
Biology, 1966(13): 131-144.

Xue H, Zheng B H, Meng F S, ef a/. Community struc-
tures of periphyton and their relationship with aquatic en-
vironmental factors in the Gan River, China [J]. Ecology
and Environmental Sciences, 2020, 29(2): 328-336. [f¥
T, FRPIRE, d LA, A HE AR A L S
WERFRIKR [1]. ESHBEK, 2020, 29(2): 328-
336.]

Ma B S, Xie C X, Yang X F, et al. A preliminary study
on periphyton and zoobenthos in the Xaitongmoin reach
of the Yarlung Zangbo River [J]. Resources and Environ-
ment in the Yangtze Basin, 2012, 21(8): 942-950. [ %%
By, BT, B, S G AT VL TV BCE AR
YR EAR S GEIRHIE I TT 1], RITHIE B 5 05,
2012, 21(8): 942-950.]

Liang X. Effect of periphyton on water environment and
its application in water quality treatment [D]. Shanghai:
East China Normal University, 2007: 1-68. [F285. Ji M7
IR I N 5 K AL BRI AT [D]. B B ARITYE
K2, 2007: 1-68.]

Zhou D F. Raman Spectroscopy Analysis of UV Radia-
tion Damage to DNA and Its Protection [D]. Nanjing:
Nanjing Normal University, 2005: 9. [J& B R, 45 418 5t
XSDNARI KSR 4 #2061 73 #r [D]. i at:
HUMYE K24, 2005:9.]

Zhao M X, Lei L M, Han B P. Seasonal change in phyto-
plankton communities in Tangxi Reservoir and the effect-
ing factors [J]. Journal of Tropical and Subtropical Bo-
tany, 2005, 13(5): 386-392. [ # %k, B IEME, BHfF. I
K TR REIRETR Z T AR A R LS PR 3R 4 A ——
Lz K B 8] (1], #s ME A R 2 4%, 2005, 13(5):
386-392.]

Wu N C, Tang T, Li D F, ef al. Benthic algal communi-
ties in Jinping reach of Yalong River and its main tributa-
ries in relation to environmental variables [J]. Acta Ecolo-
gica Sinica, 2009, 29(4): 1697-1703. [ 35k, Bk, ZiE
F, &5, FEBIL(H R BO M SRR B R E 5

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

HERTHIR AR [J]. &SR, 2009, 29(4): 1697-
1703.]

Jun S, Wang D B, Zhou J H, et al. Community structures
of phytoplankton and its relationship with environmental
factors in the Lhasa River [J]. Acta Ecologica Sinica,
2019, 39(3): 787-798. [E M, L& #:, A fitte, &, fup®
T YL SR U KL TR R 5 R R AIE K S AR IR 1 R R
[7]. 324K, 2019, 39(3): 787-798.]

Zhang HF, Chen Y N, Chen Y P, ef al. Species quantity
change and ecosystem dynamics in the lower reaches of
Tarim River [J]. Chinese Journal of Ecology, 2004, 23(4):
21-24. [HRERE, BRIE T, FRIZMG, &6, B BRI R
BEE AR R A SRS KRBV [J]. %
i, 2004, 23(4): 21-24.]

Sun Z Q, Shi X L, Xu L L, ef al. The protozoan com-
munity structure and its response to the change of water
quality in a typical wetland landscape in summer [J]. Acta
Hydrobiologica Sinica, 2013, 37(2): 290-299. [f)E 5,
Ji o, ARTII, S SN B R I A SR 4
EKFR R (3] KAEEYR, 2013, 37(2): 290-299.]
Tian Y Q, Yu C C, Wang L, ef al. Dynamic changes of
phytoplankton's community structure in Beixi of Jiulong-
jiang River Fujian Province of East China and related af-
fecting factors [J]. Chinese Journal of Applied Ecology,
2012, 23(9): 2559-2565. [HI/K &, GriEE, L4, &. 48
SR AL AL I W AR R 8 0 AT R AIE B 52 7 PR 1
[7]. BRI AEZS 23R, 2012, 23(9): 2559-2565.]

LiK Z, YinJ Q, Huang L M, ef al. Dynamic variations of
community structure and quantity of zooplankton in
Zhujiang river estuary [J]. Journal of Tropical Oceano-
graphy, 2005(5): 60-68. [Z=TF 4%, FHgn, 7 R IR, %. £
T FR s R REVE 3028 RBURE AR AL (7], il e
1, 2005(5): 60-68.]

Wang X H, Ji B C, Li M D, ef al. Phytoplankton and bio-
assessment of water quality in upper waters of Yinluan
Project [J]. Research of Environmental Sciences, 2004,
17(4): 18-24. [FHrte, 284, U4, 55 Sl TR L
T A S FOK BLPRAR [J]. SRBERLAAIT S, 2004,
17(4): 18-24.]

Yin X W, Zhang Y, Qu X D, ef al. Community structure
and biological integrity of periphyton in Hunhe River wa-
ter system of Liaoning Province [J]. Chinese Journal of
Applied Ecology, 2011, 22(10): 2732-2740. [FJBAE, 7k
T, RIBEAR 5 VERK RE AR BTG 450 5 W 5
HVE 1], B AR, 2011, 22(10): 2732-2740.]
Zhu'Y X, Mi W J, Li B, et al. The influences of two hy-
draulic structures on periphytic algal Communities in the
middle channel of the South-to-North Water Diversion
Project [J]. Acta Hydrobiologica Sinica, 2021, 45(4): 9.
[R5, Ko, Z50%, 5. BKALIAH LT REHAKT
SR AL BER TR K [J]. KA B4R,
2021, 45(4): 9.]

Tan X, Zhang Q F. A review of diatoms in biomonitoring


https://doi.org/10.18307/2013.0615
https://doi.org/10.18307/2013.0615
https://doi.org/10.16258/j.cnki.1674-5906.2020.02.014
https://doi.org/10.3969/j.issn.1005-3395.2005.05.004
https://doi.org/10.3321/j.issn:1000-0933.2009.04.008
https://doi.org/10.3321/j.issn:1000-4890.2004.04.005
https://doi.org/10.3321/j.issn:1000-4890.2004.04.005
https://doi.org/10.7541/2013.17
https://doi.org/10.3969/j.issn.1009-5470.2005.05.007
https://doi.org/10.3969/j.issn.1009-5470.2005.05.007
https://doi.org/10.3321/j.issn:1001-6929.2004.04.005
https://doi.org/10.7541/2021.2020.107
https://doi.org/10.18307/2013.0615
https://doi.org/10.18307/2013.0615
https://doi.org/10.16258/j.cnki.1674-5906.2020.02.014
https://doi.org/10.3969/j.issn.1005-3395.2005.05.004
https://doi.org/10.3321/j.issn:1000-0933.2009.04.008
https://doi.org/10.3321/j.issn:1000-4890.2004.04.005
https://doi.org/10.3321/j.issn:1000-4890.2004.04.005
https://doi.org/10.7541/2013.17
https://doi.org/10.3969/j.issn.1009-5470.2005.05.007
https://doi.org/10.3969/j.issn.1009-5470.2005.05.007
https://doi.org/10.3321/j.issn:1001-6929.2004.04.005
https://doi.org/10.7541/2021.2020.107

12 4 FLPLFAE: J T A PSRN GRAT VLUK S R G Y 1831

and ecosystem health assessment [J]. Acta Hydrobiolo- F TR AR S KRG R EIN BT R R RE [J]. KA
gica Sinica, 2018, 42(1): 9. [EF, K4 k. JEMITE R ik, 2018, 42(1): 9.]

USING PERIPHYTON ALGAE TO ASSESS STREAM CONDITIONS OF
YARLUNG ZANGBO RIVER BASIN

WANG Xian-Xian'’, LIU Le-Le’, YANG Xue-Fen', YANG Rui-Bin' and LIU Hai-Ping’

(1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China; 2. Institute of Fisheries Science, Tibet Academy
of Agricultural and Animal Husbandry Sciences, Lhasa 850002, China; 3. Tibet Animal Epidemic Disease Prevention and
Control Center, Lhasa 850000, China)

Abstract: Periphyton algae are one of the main groups of organisms in the aquatic ecosystem. They are self-sustaining
and can store solar energy by converting it into chemical energy through photosynthesis, as well as generate and re-
lease oxygen to promote the material circulation, energy flow and information transfer of the aquatic ecosystem.
Periphyton algae are rich in species, attached growth, short life cycle, sensitive to changes in the water environment,
and can absorb pollutants in water bodies and purify water quality. They are the beginning of the food chain in the wa-
ter ecosystem and an important indicator species for water quality monitoring, and often used to the health evaluation of
aquatic ecosystems. The Yarlung Zangbo River Basin has high average altitude, low water temperature, and strong ul-
traviolet radiation, which is the most important natural aquatic ecosystem in Tibet Autonomous Region. It can adjust
the climate characteristics of Tibet Autonomous Region and has special geomorphological and ecological conditions
that many low altitude rivers do not have, the ecological environment is very sensitive and fragile, and it is highly sus-
ceptible to events such as global climate change and human disturbance. Ensuring its water environment has a high
health status is an important foundation for protecting green mountains and rivers. In order to assess the health status of
the water ecosystem, 26 sampling points were set up on the main stream and four major tributaries of the Yarlung
Zangbo River Basin from 2013 to 2014. The environmental data and the periphyton algac community were collected,
and the periphytic index of biological integrity (P-IBI) were constructed. A total of 7 phyla, 10 classes, 23 orders, 34
families and 70 genera (species) of periphyton were identified, most of which were Bacillariophyta (35.71%), Chloro-
phyta (32.86%) and Cyanophyta (20.00%), and the dominant species of periphyton algae were the Bacillariophyta be-
longing to Bacillariophyta-chlorophyta-cyanophyta type of water. The species richness and total abundance of
periphyton algae in the mainstream were slightly lower than those of the tributaries of the Yarlung Zangbo River Basin.
The Shannon-Wiener diversity index varied from 4.84 to 9.41, and the Pielou evenness index varied from 2.41 to 4.80,
indicating that the investigated water area was light pollution-clean water. The biodiversity characteristics and the P-IBI
evaluation system of periphyton algae in the Yarlung Zangbo River Basin indicated that the water ecosystems in the up-
per, lower reaches of the main stream and four major tributaries were better than those in the middle reaches of the
main stream of the Yarlung Zangbo River Basin. These results provide a basis for studying feeding habits and mecha-
nisms of Tibet indigenous fishes to ensure the safety of water ecology and to realize the sustainable development of re-
sources and environmental protection.

Key words: Yarlung Zangbo River Basin; Periphyton algae; P-IBI; Aquatic ecosystem; Health evaluation
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