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Ecological health assessment of Irtysh River in Xinjiang Uygur Autonomous

Region based on the community structure of periphytic algae
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430070, China

2 Engineering Research Center of the Ministry of Education for the Green Development of Bulk Aquatic Biological Industry in the Yangtze River Economic Belt,
Wuhan 430070, China

Abstract: Periphytic algae are sensitive to the changes of aquatic environment and can reflect the health status of water
quality quickly. In this study, the community structure and water environment characteristics of algae around the Irtysh
River were investigated systematically in 2019, and the biological integrity index of periphytic algae was used to evaluate the
ecological health. The results showed that there were 102 species of algae belonging to 41 genera and 6 phyla, mainly
Bacillariophyta. The temporal change of density and biomass for periphytic algae was September > July > May, and the
spatial distribution was middle and lower reaches > upstream, tributaries > trunk stream. Principal component analysis
(PCA) and canonical correspondence analysis ( CCA) showed that the main environmental factors affecting the community

structure of peripheral algae were water temperature, dissolved oxygen, permanganate index, ammonia nitrogen, nitrate
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nitrogen, pH and suspended matter. The average values of algal diversity index ( H'), richness index (D) and Pielou
evenness index (J) around the Irtysh River were 3.52, 3.02 and 0.75, respectively, indicating that the overall water quality
of the Irtysh River basin is pollution-free or non-pollution. the results of P-IBI analysis showed that 5 sampling sites were
healthy, 1 sampling site was sub-healthy, 3 sampling sites were general, and 1 sampling site was very poor, suggesting that
the overall ecological health of the Irtysh River tended to be good. The results of this study can provide an effective measure
for aquatic environment monitoring of Irtysh River and, meanwhile, provide basic data and theoretical references for the

ecological protection of Irtysh River basin.
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it BEA IR A A A T BRI o R O, R TR 2K R e i S K
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B K A ST REDEAN , SRR ST A (R 5 A B R A A S A R

1 #MR57FE

1.1 RFRR ] 5 R

H TS K SCAEIREE B R 52, AN K SCIAK ARk 8 25 5 R B AR ik BT (6 2 8 ) Ik
B 23 7)) R S FE RN ARG T 2019 4E 5 H (CEAkI) 7 A (FEK3) 9 A (i) #e
T[T A AF RRE SR N 2R A6 AR 57 il 7 el o [ 355 1A T BE e B 10 A S AR SRABE A (1 1) X TR
B AT RE A E R AR
1.2 FECREE ROKARBRALFE BRI 2

PR RAE S L7 100 m 7 Bl P, ARHEIAT 3 A B A (R /K TR RT3 W B ) %ot J) DA i S R A 2
FERCRAE . A BRSSP 3 i KSR I ST IBORE | FH R 2B 5 B 5 A Sk b B R SR A B A S K R
RS R MDRPIR, HF 2SI SRS 2 50 mL AR SO A R I U ORAT (1 R IR OK AR AR
IFME) i Zs 2 1993) 5 T B il o VPR BT 38 28 A T IR AU | 2 -0 2 2 T AR o B, BBy Sk FH =8 Il 1)
BUR RN 20 em® (93T HZE IR K ol il 2 RGN R ARG 2 pDh A E | L IMAEF IR 15
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i 3 2K BT Alalis MP 3500 ( Alalis , B 1) 0 52 K AR pHE RS (DO) KR (WT) |
B AT (SS) S HL B4, [FIIPYLAE/KAE 500 mL fIRIRPRAT 48 h AT RS 4E R H IR XK =R 22158
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Fig.1 Distribution of sampling sites for water quality and biological samples in the Irtysh river
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S P-IBL 1 25% 53 i (B R (e B B, #5553 X0 o0 Ry 5 PP 3 9. (iR AgRRe  — M 25 W22 1 AN
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BURFEHHTAAR 10 A SASRAE f{ L S5 J A2 6 1] 41 J& 102 F, b ks [ R B IR 2 (67 i,
65.69% ) , HUIELREEN T (20 F1,19.61%) , Wi eI 1 SRR T34 6 T (5.88% ), BEHET] 2 Pl (1.96% ) , BT 1
1(0.98%) ., & H O PLHF I EEEBRETTRE (R 1), Hrb 5 A R3320 3530 45 1 3 ( Diatoma vulgare ) |
P 7 25 355 ( Cymbella laevis) | Ji [7 B JE 3 ( Cocconeis placentula) B IE 55 1% 3 ( Gomphonema olivaceum ) 55 |
7 AOLEF A 2 B IR (C. perpusilla) AKAEFTEE(D. elongatum) 55,9 F L3 24 %
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R s A A e O AT A HIOREE S A ) Dy 3 KR RRR DU R AR B 3G

x1 BAMAREEREBHRESRS

Table 1 The dominant species and corresponding codes of periphytic algae

G5 MR 5A 1A 9A &S W 5A 1A 91
Code  Species May  July  Spet Code  Species May  July Spet
spl @5 H ¥ Diatoma vulgare vV v sp9 KUK ST Synedra amphicephala v vV
sp2 AR Cymbella laevis vV Vv vV splo STEMEJE B Ceratoneis arcus v

sp3 BB Cocconeis placentula vV vV spll  FHVEHE Navicula cincta vV
spb WIS Gomphonema olivaceum vV Vv spl2 BB Cymbella pussilla vV
spS /MY Cymbella perpusilla vV vV spl3 LGB Cymbella affinis vV
spb KK W Diatoma elongatum vV Vv spld  EFURHFETEE Cymbella gracillis vV
sp7 A5 Gomphonema angustatum vV vV spls  /NKZETEEE Nitaschia microcephala vV
sp8  RUKZEIHE Nitzschia amphibia vV Vv

2019 4F 579 F &R 55 Hirin Ji DA ssE 2 285 1 AR W 6 43 310 8.89%10°~/m* Fl 3859.71 mg/m* | 1.64x10°
A/m*H1 2450.78 mg/m* .2.08x10°/m>Fl 3859.71 mg/m*, ME 2 ] LIFEH], FANERBEERE LS A 7
.9 A& EFHas s 7 CEKE) SRS P IIRT 9.0x10°4/m? )9 H (RliZK 1) SR % BE B K, 8 43
A (6#) E R FTK 7.40x10°/m* . T FESUKIIREE A9 AN ], L5 A 3 28 5% B A A 22 5, P v 220
JINZR T S 1 5 B 5 A W A 5 (5,35 % 10° S/ m? I 4527.70 mg/m? ), A SR T 1S 2 55 B 5 A ) A A
(1.67x10*4~/m* Fl 346.07 mg/m’) , MBF[E 434K F ,9 A (MK >7 A (FKW)>5 A CEARE) . 250
ARSI R R R AN B S A RS T R

BRI R N2 5.7 .9 H Shannon-Wiener Z PSS KL (H') Margalef 3= & FEF5 K0 ( D) Fl Pielou $47%]
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Fig.2 Density and biomass of periphytic algae in the Irtysh River
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Fig.4 Principal component analysis of environmental factors in the Irtysh River
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Fig.5 Canonical correspondence analysis of periphytic algae community and environmental factors

2.3 BURSFHTK A S AE M 45 R

AL A Y A S8 I BE 1 40 BT LA AR DE A 73 BT fie 20 6+ 8 2k 48 BV R ST i3k P-1BI
o240, S BR S P-IBL 1 25% 50 A EAE DR BUMH BN T 25% 53 R E PO 45 53, £ 57 P-1BL PPN AR fE
(F£2), HFHRAELSS A7 A9 ARSI, 208 P-IBL BPENFRIETS H AR SF @ Bk ol (% 3) .

GEREN 5 A RSN TR 1A SRS T IARFRIRES 3 A RAER SN — IR, 1 A SRAFE SR
# . A FES) P-IBL A ALTEFITE 0.46—5.35 Z 0], SE359{H N 2.46 , J& T IFA Fr o 14 S0 (8 e 3 11 P, 150 B
BUR ST B A R AR . 25 (B K, S RAE SRR LR T 100, R 2 SR i R AR
ARIE T R SRR 22—, R I TR THRRE S A TR 22K 25 Wk E (3 3)9 Ay Bk
P-IBI ZME e, 7 ARz ,5 A&k,

F2 PURFHUAREA P-1BI R IFMARAE
Table 2 Criteria of health assessment based on P-IBI in the Irtysh River
{85 Healthy WABHE Sub-healthy — B Average # Relatively poor 2% Very poor
>2.669 2.002—2.669 1.334—2.002 0.667—1.334 0—0.667
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®3 ETP-BIWNHFRFHTERERSEAMENER
Table 3 The P-IBI results of all sampling sites at different months in the Irtysh River

RES RS RRAG  papism O ored PABLGG VP50
Sie Site type Vonth P-IBI core Evaluation P-IBI gross Evaluation
grade score grade

185 A1V (1#) ZR 2019 45 A 1.5386 — 1.9364 —
185 Regiment ( 1#) 2019 4E 7 A 1.4848 —

2019 49 A 2.7868 1233
50 55 (2#) ZA 2019 4E5 H 1.5253 — i 1.7058 — i
Bieliezeke (2#) 2019 47 A 1.6711 — i

2019 4F 9 H 1.921 —
I LR (34) SIS 2019 4F 5 A 3.1996 fat 3.469 fat R
Haba River (3#) 2019 47 A 2.7052 {5

2019 4F 9 A 4.5023 fa e
MF-IR S (4#) P 2019 4 5 A 1.9318 — 4.0464 fat e
Chonghuer Township (4#) 2019 47 A 4.8591 fa

2019 4F 9 A 5.3484 fa e
A SR BT 11 (5%) ZAR 2019 4F 5 A 1.8618 — 1.8704 —fi
Burqin Estuary (5#) 2019 4E 7 A 2.1471 W fd

2019 49 A 1.6023 —
T2/ NAR VA (6#) S 2019 45 1 2.6861 {5 2.688 fa e
Xiaodong ditch in Kelan River (6#) 2019 4E 7 H 2.6172 A

2019 4F9 H 2.7606 fahe
it (74) ZP 2019 4F 5 A 0.4668 e 0.8379 e
Yanchi (7#) 201947 H 0.6714 L

2019 49 A 2.3091 WV Ak
635 HXZ(8#) ZUE 2019 4E 5 A 1.7324 — % 2.1711 T B
635 Hub (8#) 2019 4E 7 H 1.6035 —

2019 4F9 H 3.1774 12353
W (9%) FHE 2019 4F 5 J 3.8342 fiados 2.901 {a e
Fuyun County (9#) 2019 4E7 A 2.6423 IV i B

2019 4E 9 2.2266 AR
AT HEIE (10#) S8 5 2019 4E 5 H 2.0028 7 fg B 2.8473 {a e
Keketuohai ( 10#) 2019 4E 7 A 2.6423 AR

2019 4F9 H 3.4338 (1353

2.4 P-IBI {45 560 IF
Mann-Whitney U ES B K45 R R, BUR FFH 2 8805 5328 50 P-IBL {H Z [BIfF1E B & 2 5 (P<
0.05, 181 6) , RBAAWFFT T FI () P-IBL PEA A 2 X F 1A 45 R 553007 A9 2 {2 FH 1

3 it

3.1 WURSFIYTR A BSR4 M B B 23 A

AR R NS R P S R 2L OR T RE T o5 I A X I 38, 3 55 2 A 0 S X T AU S T S A
AT R —E, I T AR S 3T Sy BRCIE A i 3 P v A PETRT O, P 7 DX LA v 3 v 2 B X
T SRR ORI AT B TRk S AR R B BRSO A MBS I 2 % 5 A ) R MR A
RN :9 A>7 H>5 7 3% SR SCH s A i T3 B — e AR DGR L 5—7 Ak T A SR FEK
DK S il A T JSRRUR 5 Srimn e i TR 7 S SO IR s A v W e R, ) DA SIS B 2 LR B I 8, I B 2
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TR SC PR 2 5 M ] i S DA SE S R Vi 0 2 i AR b i 32
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Supplementary Table 1 Candidate parameters of P-IBI in the Irtysh River basin and their response to environmental disturbance

b A 4 e i

SR A Parameter type %244 Candidate index Response to the disturbance
Btk W (NT) B/
Standing crop YR (N2) R
REBEIT M 240 FEBEMHGIE L PTI(N3) N
Diatom evaluation parameter Tk 3B P84 GDI(N4) BN
BRI LE(NS) HR
R 6 A3 HE (N6) W/
HEBERT(NT) PN
B E SR AR EL(NS) MR
IDP EEFEFEHL(NO) LN
ZHMEREEL T - Z BEESR B (N10) EPN
Diversity index Simpson ZAEMHEFEEL(N11) AR
Margalef ZHEHEFEE(N12) K
Pielou ¥J5J BEHE4L(N13) HR
PIFEL(N14) I
JEEH (N15) H
YIRS % Tk BV (N21) N
Species composition parameter PLIAFPE E (N22) NN
PR FFRE XT3 & B (N23) Wi
i S AT 52 R A R A E 4 L (N24) W
258 S A S B R SR T 23 FE (N25) VN
T ) Y RE T 288 (N26) W
T4 I AL R AR X 5 BE (N27 ) N
Tl B 5 5 4L PH 8% (N28) b
( Diatom resistance index) HREEFER(N29) b
MR H(N30) PN
AACHER(N3L) i
AT R(N32) H
JEE B BEAE S (N33) ]
FEFOREHE B (N34) HR
Mk 2 8 MEIESHE Pearson 18X 547
Supplementary Table 2 Pearson correlation analysis of 8 candidate parameters
BH Metrics N6 N8 N10 N14 NI15 N23 N29 N31
N6 1
N8 -0.214 1
N10 -0.136 0.139 1
N14 0.033 0.119 0.6810** 1
N15 -0.095 0.216 0.4550 ** 0.8040 "~ 1
N23 0.19 -0.078 -0.8480 ™" -0.4550"" -0.302 1
N29 -0.237 0.6410 " 0.251 0.058 0.218 -0.279 1
N31 -0.3950 " 0.6140 " 0.3540" 0.221 0.3640 " —-0.248 0.7250 ** 1

o RUAE 0.01 KN (R ) RIS R 5 + SRIITE 0.05 /K (RUR) BRI HE B35
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Supplementary Table 3 Calculation formula of P-IBI core parameters by ratio scoring method
28 95% i %K 5% i K L INIE] HHEAK
Parameter 95% quantile 5% quantile Maximum Calculation formula
N6 0.8358 0.1363 1.044 N6/0.8358
N8 3.259 1.7971 3.4129 (3.4129-N8) /(3.4129—1.7971)
N10 4.0473 2.3737 4.1276 (4.1276-N10) / (4.0473—2.3737)
N14 31.5 12 36 (36.0000-N14) /(31.5000—12.0000)
N29 1.9486 0.514 2.4076 (2.4076-N29) /(1.9486—0.5140)
N31 1.8777 0.5736 1.9708 (1.9708-N31)/(1.8777—0.5736)
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Supplementary Fig.1
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Distribution boxplot of remaining parameters at reference and impaired sites (R: reference sites; 1. impaired sites)
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