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FE T NI (1.23 mg/LA10.02 mg/L) o L5558 R MG 7 29 J& 138 il JEC G fick 85 TV 45 1) B A WA S5 1) 2 (1) 2
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PEAR, 75 8 ) B AT FLALAIE 7T A A 20 1F 4 (Bhadre-
chaet al,2016) . TV W 7T T & Mot e 48 2RV
MIAT I ()5 G B B i FREIR A , G Bahls (1993) 4
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P R 7K AR 7S (g R, 3 [ 422 52 e A VT 3 A S TR R AR
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7% K] (104°5°~106°5°E, 27°27°~28°5'N) 4= K
444.5 km, FLICHLES 25 R 48 IR EELIE B80S AT B 48 1)
BT RTT &0 AW 8 SRR L ST KR AR K BL K
U148 FIAUK ol A AT 13 AN B CRTD , e s T
F11.83 JT km?. FR/KINESL 250 G808 BilE, s A
FLVEIT ARDALIR] R AR SO P B R E OB
PRI B, 20 AR AT AR AT AR A L R S SR B
PCELLL R AR R, 23 AT ORI 2] 7K R4 5
WM ,2014)

R 488 75 K VAT 8 45k b R AL B K A S AR R - Hb
MM RS K2R, AL IS 1 36 MRERMERAE
ACCE D HEAT BRAL R 00 AR BE R R AR . Aok
TR E 7 194 KFE R (CS1~CS19) , H i FiE
9 I~ (CS1~CS9) , H1ii 5 4~ (CS10~CS14) , R 7 54~
(CSI5~CS19) 5 X Wi & & 17 17 ™ K & &
(CS20~CS36) , HHr F i S FL U] (CS20) 31T
(CS21) M 2] (CS22) % 1 />R AF s, Hhilfe SOt 2Rt
Tl 2 S (CS34. CS35) il #2774 A~ (CS24~CS27) iy
i V] 3 4N (CS23.CS28.CS36), N il 3 It K [F ¥ 2 A4
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(CS31~CS33) .
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Fig.1 Sampling sites in Chishui River basin

1.2 HFmRESLHEST

BN S BEHLIEEL 3~5 AN A HE 28 2 KL o,
LEFERMMATREY . FEH ERZ 6 cm (1[5 TE
SERL 7 an AR R b, R BORE AR, Il B 3E
(AR, TR 3 AT IR & o TR MR Sh R Ak
e % e 2 IR 55 (1979) .

1.3 INEIEFRNE

fir FH A 485 K BT 0 A A 8 % AN FE UK IR
(WD) I (DO) L F 22 (EC) « pH P F i 1 (FV)
G FRPR R, BASFE U500 mL ZKFE B T 0K &
HhT (B SEEG = , W E S RE s R CTND S A R PR A
(TDND s\ B3 (TP o S5 i 14 T CTDP ) AR ] 35 3 4 1
(SRP) . 7KFFEAAE THALHL AT E 2 8 K AR K 1A
W23 4777320 CE KRR 2R, 2002)
1.4 BESH
1.4.1 JRAB#E SR % A K H Mcnaughton 1% F 4
B 5 TR AT R R A0 S5 4 R (AT 45, 2020) , IR HUR
FEFREL Y=>0.02 IR AP HE SE 9 10 35 o -

Y=(n/N)Xf; @®

A N R R R T 4T S A, N N TR
RS T ) T B0, /N D 565 e S DG Tk 95 P 4 i
Ko BT TRV ek VB A 4 B B ) LR f O B R R AT
Hek SR AE T A R s b B A
14.2 A K3 HTE ARk 8 A X 3= B i
THR S FE R R - BN 2 AR Ve 2 (HD (Prygiel et al,
1996) # Pielou 5 &) F& & %4 (ED (Smith & Wilson,
1996) . i it Omnidia 5.3 ¥ £F 11 5 % #£ &1 TDI Al
CEE 134} , i ¥ 48 5043 70 4 /K 5 43 9 5 AN 5E4, 53 )
R (517D B (15~17) P25 (12~15) K 25 (9~12)
il 72 (<9) GEAF MK 4K ,2018)

2 ZHRE5HM

2.1 INEEFHHE

o= N1V A N 1 2 S ) N R = )
WT. EC. TN Al TDN ¥ & ¥ % = (P<0.05) , DO.
pH.FV.TP.TDP #1 SRP 3 % 7 £ A . 3 (P>0.05) .
WER 1 FR, &8 5 WT 22468 14.4~25.6C; DO N
6.7~32.0 mg/L, I i CS17 #£ £ DO {6 & 1K , N 6.7
mg/L; pH ¥ 4.90~7.58, 44 K 2 FUAF 2 11 pH B FH 1T
H AW B2 1, v 23 K AT (CS33) e A%, 1 A 4.90 ; EC
H183.8~584.0 wS/em , L HRIHE AL R I AE 2 A
401.2.454.8 1 300.4 pS/cm , & FE 9% sh i kK, L
T R TP N 0.0057~0.0829 mg/L, b3 « i Al
7 TP ¥4 43 5 4 0.0301.0.0219 £10.0198 mg/L,
FLoob 3L 7 VAT (CS20) Al A ] (CS27) A Eh i ]
(CS35) %5 37 It 3 40 #F w5 KK TP i T HoAh A 55, DL
FL P ) A A TP WK B =1, N 0.0829 mg/L; TN A
0.5265~3.0766 mg/L, 3% « H1 % « T IiE TN ¥R 5 3448
239124 1.8057.1.6573.1.2337 mg/L , TP F1 TN ¥ & 45
E82/ 72y =T s RN A 8
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Tab.1 Spatial variation of environmental factors in the Chishui River basin

EizEay etz i NilE EStC
WT/C 14.4~22.3 18.6~24.3 21.2~25.60 14.4~25.6
DO/mg-L" 13.0~26.1 18.2~31.4 6.7~32.0 6.7~32.0
EC/uS-cm™ 355.0~480.0 385.0~584.0 83.8~422.0 83.8~584.0
pH 6.72~7.45 6.06~7.30 4.90~6.99 4.90~7.58
FV/m-s' 0.05~1.00 0.05~0.60 0.02~1.50 0.02~1.50
TN/mg-L" 0.8545~3.0766 0.9169~2.1888 0.5265~1.7844 0.5265~3.0766
TDN/mg L’ 0.7634~2.1132 0.5746~1.8657 0.1278~1.5589 0.1278~2.1132
TP/mg-L" 0.0107~0.0829 0.0057~0.0452 0.0088~0.0316 0.0057~0.0829
TDP/mg-L" 0.0059~0.0154 0.0038~0.0225 0.0029~0.0135 0.0029~0.0385
SRP/mg-L" 0.0019~0.0096 0.0001~0.0206 0.0002~0.0075 0.0001~0.0283

2.2 [RifREERIE S

FKZE AR AT AL 5 G eE 752 29 8 138 7l
Horp, f1TE ¥ 8 (Navicula) VI Fh 8 %, 4 33 Ff s 25
JE & (Nitzschia) 18 %, 1555 J& (Achnanthes) 12 7,
5125 J& (Gomphonema) 11 F, ¥y 25 5 J& (Cymbella)
1170, HoAth @ 35 A kg 10 F0 . B A RAE s, CS10
Wi i e, W5 3 RV Ak 5 68 B s CS35 W £
B RS B SR E 25 T

1% B Mcnaughton It 3 & 5 251 Y>0.02 AL A Fh
IR AR L A3 E AV A 5 A0 35 b (AR D AR 34 B2 L 36 2.
11 AROLEA R b, i 153 DR TE 3 2 £ 32 Fh (Cocconeis pla-
centula var. euglypta) 7& FK 2% 75 7K AT It 35k 1) 48 05 0 5
P, HAE AL B E N 0.12; 48 5 BB (Melosira
varians) AN 72 5 (Achnanthes minutissima) 4%
J7 %2 & 8 (Nitzschia palea) ~ /N1 53 1% #5 (Gomphone-
ma parvulum) W72 2 M L.

F2 TR R B
Tab.2 Dominant species of benthic diatoms and

corresponding dominance in the Chishui River basin

A A& AR A
MAVR Melosira varians B EEEEE  0.08
Cocconeis placentula it [ G I 35
CPLE 0.12
var. euglypta EZR Y
5 B JF- 75
CPLI  Cocconeis placentula var. lineata E‘;g I%'Zf& 0.02

GPAR Gomphonema parvulum N S A 0.02
NPAL Nitzschia palea BRZER#E  0.03
NIPM Nitzschia perminuta MizERE 0.02
AMIN Achnanthes minutissima Weamimih i 0.04
Achnanthes minutissima P2k ith e v
AM . . : .
NC var. inconspicua P AR R 0.05

Wiz 0.02
K 22 32 0.02
kT2 0.02

APSE  Achnanthidium pseudoconspicuum
ACRA
ALAT Achnanthidium latecephalum

Achnanthidium crassum

7R 7K I B % A A ek T A A M T R A
BB 20w L B A A DL R (R B 2 AL ol
AR S BB 9 55 O R AR M, AR DA
RIS B FH M, TR S DA A T 52
RSN EEARHM. Hod, R P 2 AL A R
(1) -7 35 =F FE N 12.60%, FL 74 ) of 3L 3 R ok
55.03%, A% 7 H 5 5 7E A B B (CS6. CS8.
CS9) F J& ik 48.62%. = ff N 3k il 22 ¥ 145 2
#2 TV W AE SN R AR 2 AN FE SRR T
5%, CS11 FF i = & =ik 18.27%. M 40 il fh 572 75
e FURFE S EERB R, SR FHEER
9.18%.

2.3 [RIBRERENE SRR

Shannon—Wiener % #£ £ 45 204 1.96~3.77, $){E
°H 2.63; Pielou ¥ 2] FE 48404 0.58~0.90,, 1M 4 0.72,
A AIEAR —F (B 3. L 12 4K FE 4 Shan-
non—Wiener £ FE1EF6 % . Pielou )5 F8 B H 70 7
92.41.0.67, T 10 >R AFE 5T AE 73 90 8 2.79
0.72, Fifm T b, 2 B Ui A i SR v 2 A
=T EiF. CS26 A Shannon—Wiener 2 £ M 45 %
55 Pielou 33 2 FE AR 015 73 550 41K , 43 79 24 1.96 #10.58,
TR AR A 572 A 3 P I 53.74% A FR
R EZE A
24 RWEFEREESUMERFHXR

FE 45 DCA 73 H7 , B 4 b b b B B e KA N
4.0, BT DL 3% $5 5L U A (1) CCA 73 BT A 858 Rl 1 5 ik
HERVEZ KR MAEETFHITHEERIEE
Bk 56, ¥ B 4 (DO < VR (TND L B iR M A
(TDND . &t % (TP) A ¥ 3% 4 Tl (SRP) FHLsk ¥4 fige 4
1 (TDP) J2 i I 35 A FF eSS ik B v AR A IR PR 5 AR
2 (P<0.05) .
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Fig.2 Abundance of dominant species at each sampling site in the Chishui River basin
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Fig.3 Shannon—Wiener diversity and Pielou evenness indices of each sampling site

JE AR A 350 5 IR (Rl F- CCA HEJF 1T W il 3t
[ fif R 7 R BOHE Bt E A 67.2% (B 4) .
SRP 5 —HE 7 4l 1) #1284 O¢ 54009 0.639 , i BH 28
— Al I N ) 2 WU B P s TN 5 88 3l 2 AU G,
H R SE 2 H0H 0.330, B ES — i n BORFERLE
T 55—l A BT, KA B R B2 S T o e 35
GPAR.ACRA .CPLE # NPAL #H % 3 & 5 W ¥k & 1E
FAOG, B BEIR BE I T v A 1S 22 B %%, T AMIN U
FIH FH I 1 % 5 L3 Fh MAVR . CPLI A1 NIPM 1]
RN =5 52 U] o A 7K A 2600k B ) v T 38 0, ALAT
AMNC F1 APSE | 5 %0 FE R I H T 2 35 1) A Ok
TRFR 5 3 W AR P A e AT B BRI PR R 3R
2.5 FEEIBEUTMOKBRRR

i i TDI. CEE i 38 45 BT R /K TN 5 A A
IR BRI LR 30 45 FL R , 2 bk 6 48 2500t 7K
RILIIVEAN BN — 0 REN AR I E R . 36
AN SH KT R I RE A3 AN, R R R )
8.3%; KB “ T IRE 1T A, o 47.2%: KR I 227
MIRE 124N, 15 33.3%;: K BB 22 7 I s A A, o
11.1%. B4k B& , AR KIS 4

3 it

3.1 KEMEREHEEMERERTFHXER

FFE R R A R, HIRA A S,
2 B AK 2= 5 7K TR I 3l W A R 0 A B 3 A, K AR
BRFGEMBRE AR A ) s 5 90 T2 8 %
FLAR P A S BRSNS SR T A A S
ANEE SIS B 2R T 0,02, T B Z I /K B8 dE A
HAEK. W lE PR 2 AL M (215 K55 ,2017) A&
5 B % % (Kelly & Whitton, 1995) 45 Ji7 25 1 8 (Tri-
est et al, 2012) N5 Hl, 2 A IEE E & I M KAR
Berp OB %5, 20200 o — N A 7K A4 (1) TN R 3ok
0.2 mg/L. TP # i 0.02 mg/L I kb F & & 7240 R &
(Lin et al,2008) . ASHF 77 & TR ZE 77 K T4 TN F
U B M 1.4427 mg/L, TP “F- ¥ & 74 0.0267 mg/L,
I Z IR 2 SR KA & B IR R
T [52] BF T 98 22 LR P S5 AT i 38 2 RO AR 5

CCA &5 R W, /K R Z RN 94 B5E A2 B T 7 7K 3]
AR RV ik PR A TS A I T A R T, IRV A
FETE N Ui 2 R R RS, H%E
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DO: ¥ % ; TN: S %0 ; TDN: S IS RS TPE B ; TDP: Ja 15 iR
PERE s SRP: 1 I % V1 s MAVR : 45 57 BL5% 5 ; CPLE : it |51 U I 3 %2
FLASFp CPLI: i[53 U JF- 358 5% 185 A5 F ; GPAR : /N S5 4 78 s NPAL : 2%
F2 25 I35 NIPM : 40 iS5 s AMIN : B2 40k il 55 7% s AMINC : B2 48
Ikl 527 T RS Fl s APSE : I 8 i 22 5% ; ACRA - ] T 22 35 ; ALAT -
ANk iy 22 35

4 EWERESMERTFCCAHRFE

DO: dissolved oxygen; TN: total nitrogen; TDN: total dissolved
nitrogen; TP: total phosphorus; TDP: total dissolved phosphorus; SRP:
soluble active phosphorus; MAVR: Melosira varians; CPLE: Cocco-
neis placentula var. euglypta; CPLI: Cocconeis placentula var. lineata;
GPAR: Gomphonema parvulum; NPAL: Nitzschia palea; NIPM:
Nitzschia perminuta; AMIN: Achnanthes minutissima; AMNC: Ach-
nanthes minutissima var. inconspicua; APSE: Achnanthidium pseudo-
conspicuum; ACRA: Achnanthidium crassum; ALAT: Achnanthidium
latecephalum

Fig.4 Canonical correspondence analysis (CCA)

of the benthic diatom community

and environment variables

Xt X R 7T (W et al, 2009) < V] CBEERESE, 2011) Al
R R ZEAA 55, 2015) [ JEE AT 88 IS THE T 45 M) 4T
WA, R B B R B2 2 B s R, 5 AT
FAERIFA . TRAE AR AR I 4 7= % (Ra-
phael et al, 2002) , 7K A4 o 08K A B2 AR Ak 23 568 Vi 3 Y
JEC A Ak AR A VR A Rl AR B R 1 B2 i (Tang et al,
20140 o AR YOS 7R KL B 7B TE] 2 9 H IR, Ak
T RUZEI 5 3, BB 7R K T 4 1) B K B B, SR
VRS, B B RS 30 B T4 (Biggs , 2010) , ¥
TR UERE AR EURE B 2T 3 BUECR R N
IR AR I AT Tk B VR S5 M ) IR R . Ak
KIRT I i AT BN S ) /K /N T R B,
b BRI R DA A R R i A 2R /N AR
(2RI T J RO 2 (22 #3855, 20140 S5 R 31, 1
INT ARAET v bR K AR B IR R B B e ) E TR
IRV i [ G T 8 22 FL A b S5 i v AL 5 M e gt 1 i
B A KRB (FH I, 2015) , 5 A6 =F E 1E
URRE R R . TR SR EUBEE FROKCE R R R
S i o 7 B S U R PR IR B A OO T T ) AR 0T
DR BA T 3 A A2 Rk 2 R 7K T AL 3 ) i G e R T v 2
B S R A IR 2 R R A
3.2 EERISEUEERACHIREBK BRIENRIIE A
] TDI A1 CEE it #E 5 E06) 36 M s B 7K Btk
BUIEAT VEAN , PR &5 SR — S 00 RE 550 334N, 2 i v
TRECPI 45 R B 2 57 (BB —3, ¥R

%3 TDIF CEE iEEisHrkRiITFMER
Tab.3 Water quality evaluation based on trophic diatom index (TDI) and European

Economic Community (CEE) index

FEsi  TDI KBSk CEE KBS SRA7KBSE% || ke TDI  KHA%%  CEE  JKB%%  LZEKRSEH
csl 155 Il 16.6 11 1l Cs19 13.5 11 12.8 11 11
cs2 123 11 13.5 11 11 €S20 10.6 v 9.9 v v
Cs3 136 111 14.3 11 111 cs21 13.6 111 12.9 11 111
Cs4 126 111 133 11 111 Cs22 8.3 \% 6.1 \% %
Cs5 122 I 13.5 il 1 Cs23 13.6 1 14.2 il I
Cs6 138 111 12.2 11 11 CS24 12.7 11 13.6 11 111
Cs7 124 11 14.3 11 11 Cs25 16.6 Il 15.6 II Il
Cs8 100 v 10.5 v v CS26 10.5 v 9.9 v v
Ccs9 109 v 11.1 v v Cs27 7.4 \ 8.0 \% %
Cs10 105 v 11.5 v v Cs28 6.5 v 7.1 v v
csit 119 v 11.4 v v CS29 12.6 111 13.4 11 111
CS12 104 v 10.1 v v CS30 13.4 I 14.7 il 11
Cs13 139 111 12.6 11 11 Cs31 15.7 Il 17.2 [ I
cs14 79 v 8.4 \% v Cs32 13.4 111 14.5 11 11
Cs15 9.9 v 9.9 v v Cs33 13.6 11 14.1 11 11
Csi6 9.2 v 10.5 v v CS34 9.0 v 11.5 v v
Cs17 132 111 13.2 11 11 Cs35 11.7 v 10.7 v v
CS18 151 1l 13.3 il 11 CS36 6.9 \ 7.3 \ \

T RIS KU DA s IR “ B IR R A7 IV R B2 VR IR 2
Note: I means the water quality is excellent; Il means the water quality is much better; IIl means the water quality is good; IV means the water

quality is poor; V means the water quality is bad.
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AR 7K 3 K R A 2 R AR b e A TR UK AR N
=A

T B, 31X 5 H A 5 250 AR 2K A K 5 P
Wi g B — R L #3825, 2014, 85255, 2015, %
8,2018) 0 KIASELONWZEIFE A 4, EE A
B 23] (CS22) HAET (CS27) Al il ] (CS36) %5 37
Mo ARIKIIRIBAK R A L2 L MR R, 3B
UF CFE BB AR, 2007) , J0 H R 4 2200 46 S0, W 2
ST, K R NGB T th ok, BEE A
CUECSE (3G 0, N 875 30 580 B 3 9 0K, A5 45 7R /K ]
K ZR K fd BE AR WAL . U b X M 34
%, i 2, BN _EOK BRI AR AR o, K FUIR
TS BRI

Fek VB i 50RT DA S Y 2R A O R AT TR VR AN
AT — o RIOR PR 1 7K AR 25 BE R DL PR 7 ik (X1
PBEESE, 2016) o (HRE FETE B0 A8 25 5 52 2 Hh 3 1)
S, A [ 0 355 110 G ek i 2L 1, DR o N 2R3 3l
TP B R R T IAFTE 2 5 (B S, 2012) .
TDI 82 7 H 7K s B 7R HE 3 (Kelly , 1998) ,
T B PP AT R K AACE FRIRAS T BAMR 4
H AR 7R A BLTT G, 3l 2 TS e R (Kelly &
Whitton, 1995) . HRTDI KI5 T o , (H R CEE
Wiz T PR AT K IR B, 4 DI PPAf AR VL (X
B MESE,2012) KT (T2 J 45, 2016) FE AR AT (e
T4, 2018) TR K BUIR YL , ik W D& A T3k V]
TR BEVENY o i[5 51T 8 2 LA Fh 45 B~ is Ytk
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Autumn Benthic Diatom Community Structure and Water Quality
Assessment in the Chishui River Basin

XIE Chun-lin, WANG Tao, HU Jun-jie, YAN Chun-lan, PEI Guo-feng

(College of Life Sciences, South—Central University for Nationalities, Wuhan 430074, P.R. China)

Abstract: In this study, we investigated the characteristics of the autumn benthic diatom community in
the Chishui River basin, and the diatom indices were then used to evaluate the water quality. In Septem-
ber 2019, the determination of water environmental factors and benthic diatom sampling were carried out
at 36 representative sampling sites of the upper, middle and lower Chishui River and its tributaries. Re-
sults show that the conductivity at different sampling sites fluctuated greatly in autumn, and conductivity
upstream was higher than downstream. The concentrations of total nitrogen (1.56 mg/L) and total phos-
phorus (0.05 mg/L) in the upstream tributaries (Zhaxi River, Tongche River and Daoliu River) were sig-
nificantly higher than those in the downstream tributaries (1.23 and 0.02 mg/L). A total of 138 benthic dia-
tom species belonging to 29 genera were identified during study period. The community structure of ben-
thic diatoms in the Chishui River basin showed obvious spatial heterogeneity. Abundances of the domi-
nant species Cocconeis placentula var. euglypta accounted for 18.90% of the total abundance in the upper
stream, and the abundance percentage of Melosira variants in the section of Weixin county was above
48.62%. The dominant species in Tongzi River of the middle reaches were Achnanthidium latecephalum
and Nitzschia palea, and Achnanthes minutissima was the primary dominant species in the downstream,
with an abundance of 9.18%. The Shannon—Wiener diversity and Pielou evenness indices of the benthic
diatom community in the lower reaches showed higher stability than in the middle and upper reaches. Ca-
nonical correspondence analysis (CCA) showed that the primary environmental factors affecting the ben-
thic diatom community in Chishui River basin were soluble active phosphorus and total nitrogen. The wa-
ter quality grade of the all sampling sites was evaluated based on the trophic diatom index (TDI) and Euro-
pean Economic Community (CEE) index and the results show that 55.6% of the total sampling sites were
above medium, 33.3% of the sampling sites were poor, and 11.1% of the sampling sites were bad. In con-
clusion, the water quality grade of the Chishui River basin was medium.

Key words : benthic diatoms; diversity index; diatom index; water quality evaluation; Chishui River



