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Response mechanism of benthic invertebrate diversity and stability to land-use

patterns in mountainous rivers
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Abstract; In recent years, the theory of biological diversity and stability has become one of the hotspots in river ecology. To
explore the distribution patterns of benthic invertebrate diversity and community stability, and identify their driving factors,
a field investigation based on environmental DNA technology (eDNA) was conducted during August 2021 at 10 sampling
sites in a mountainous river of Jinan section at lower Yellow River Basin. According to land-use types, the study area was
divided into three categories; low disturbance zone (Low) , moderate disturbance zone ( Moderate) , and high disturbance
zone (High). Then, we analyzed the distribution patterns of environmental factors, benthic invertebrate diversity and
community stability at the three disturbance zones, and simultaneously identified their driving factors. Results showed that .
D The environmental factors, including electrical conductivity (EC) , total nitrogen (TN) and nitrate nitrogen (NO;-N) ,

exhibited a trend of high disturbance zone > moderate disturbance zone > low disturbance zone. Concentrations of these
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environmental factors were (569.33+37.44) pS/cm, (6.73£1.20) mg/L and (6.17+£1.15) mg/L at high disturbance
zone, (554.75+£47.58) uS/cm, (4.05£0.63) mg/L and (2.84+0.68) mg/L at moderate disturbance zone, and (359.67+
34.07) wS/cm, (3.02+0.52) mg/L and (2.43+0.58) at low disturbance zone, respectively. @) Biodiversity indices, such
as Margalef abundance index (d), Pielou evenness index (J), community stability index (ICV), and cohesion index
( I Negative cohesion|/Positive cohesion) showed the highest values at moderate disturbance zone with average +standard
error of 3.75+0.07, 0.76+0.02, 1.90+0.11 and 1.45+0.27, respectively. (3 Ammonia nitrogen ( NH;-N) and community
composition change had positive effect on Margalef abundance index (d) (r=0.52, P <0.05) and the species richness S of
benthic invertebrate (r=0.67, P <0.05) , respectively. @) Analysis of structural equation model (SEM) revealed that EC,
NH,-N and NO;-N were the critical environmental stressors, and S and d were the primary biotic factors affecting the
community stability (i.e., ICV and | Negative cohesion|/Positive cohesion) of benthic invertebrates. Among these factors,
EC, NH,-N and d were conducive to the construction of a stable mechanism for benthic invertebrate community with effect
size of 0.43, 0.07 and 0.53 for ICV, and 0.06, 0.39 and 0.92 for | Negative cohesion |/Positive cohesion, respectively.
Although high concentrations of NO;-N and low species richness (S) significantly reduced the community stability, they
promoted the relationships of species competition within the community. Overall, our study deeply revealed the mechanism
of biotic and abiotic factors on the benthic invertebrate diversity and community stability in mountainous rivers, which

provided a scientific basis for future ecosystem health management of mountainous rivers.

Key Words: species diversity; community stability; benthic invertebrate; driving factors; mountainous rivers
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LG A Y Z FEPE TR R AN Margalef 5 BEHE 4L Simpson ZFEPETEBUR Pielou $5) BEFREST , BERS S WL oh
R TIT  WFR B0 DL BARRT 22 B 43 A 35 5 R BE (AR Ak, B E I I BB IE P T ae 1 L ARk 3K
PP N R T IR T AP REE P THEE T, A 25K Doak %51 R UK BEVE RE MEVE M B BEVE 4500 5
RERHIE L3S HETRAR , AR WA SR 58 A8 A s R Shind A Wil ik R 45 F SRR RSE R BE ), I 4
ok« ZREE-RaE e BRSO IR Sh B 74 2 o0 L B R B AE A T (AR AL ) FEE A B F (A
N IR IR AR ) 382 FEUE M SR RIS R E M R AR AR

ERT, MR 200 TR T 54 W) ZFEE RBRE R B M OE R . AN Collier™ % B U B 5t UL A%
PO SR MRIAT R S VA RS I, TN L 2610 S Bl 15 D b RO e L 9] 084 o 2 o 8 AR AR T 3 2 RIS
Wi Sh I REE W ZRE AR e . DA LRSS R AR T LA FHARfE X 7K A A ) 22 R B LRV Rooe R i B 82
SO AW TR AR Y Z R EVE T A i B B R R VR R e e VR T . R 3 e T A i S A0
K B BIREH7 59 X TG Y U AR AT T A S R G AN D RE AL LA R AP AR AR VE T B,
WS AT S ) 22 FEPE IR I AR Tk 1) 20 A R A BB Bl IR X R i A S R Qe fi R A B L, LUAE
TR FH AT 11400 22 B ek TP VT e = B 3 I A8 8 M 5 2R % vkl o W B R N LBk e ™,
2R, BB DNA HOARBAT R AR o IR A BFTER T, RUTIPREE DNA HOR R AR XS = LA
o F Al #4E BT ( Molecular Operational Taxonomic Units, MOTUs ) B8 i) A4 ¥ 2 AR IR SR A2 5 m
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JHFE 5 NS03 NS07 NS09 1 NS10, NS09 | 17 i LA #F b A 15 P b ok 3 (%R 5 AR 47 X, SOk =il o
HERIX; (3) 0 X bR 2 R DR R 5 ok = (T B> 70% ), 32 BEALFEAE 25 NS05 . NS06
1 NS08,

116°20’ 116°40’ 117°00’ 117°20'E
I I I I
Z <
=3 =)
I + 7
o o
o N
U
_ LB % S02 _
o f] { ) (=}
| - ’ I
) oy )
2] o NSO (3]
> >
Q Q
o [ 1 %
o N
ot Lb L E S
#t b
> L 5
e o Ri we ] %
RERI K3
0  10km Bl % N A
— [ ] wsas AR I
| | | |
116°20’ 116°40’ 117°00’ 117°20'E

1 FE AR Ll SR SR A R 43 7

Fig.1 Distribution of sampling sites in south mountainous rivers
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- b FH 0 S A FH B 23 (8] 504 = (hitps ://www. gscloud. en/home ) 3R BUAY 3% 5214 Landsat 8 OLI_
TIRS(30 mx30 m) AR, 72 ENVI 4.4 T X R BGLARHATAE IS | DERAE SO BLG, 2 km 2R 48 6T
Hu A BUIR 7328 ) B AR ESEAT L3 2B R0 73 BRIBCRAE A7 2 km 05 Y27 ROBE AR AR | St oK
3 s R AR T T AR LGB (1) o BeAh  ARBFSE IR S5 & B AN R A X AR IR A IR T I IE . & TR IX
() T R IR B R S R LR 1

F1 BFTHERLIMFALLHIEES CFYEARMER)

Table 1 Differences in the proportions of land use at each disturbance zone ( Mean+SE)

AT IE T4 P i T . )
Land-use type Low disturbance zone Moderate disturbance zone High disturbance zone

Ml Forest land 56.97+5.69a 18.99+5.05b 8.59+3.06b 10.68 <0.01
L} Grassland 22.32+8.51 12.49+2.96 9.46+4.31 1.01 >0.05
A AL Built-up land 10.19+2.93 15.38+3.77 16.95+1.31 0.83 >0.05
Hkith Farmland 18.78+5.50a 45.82+4.78b 63.98+2.14b 16.04 <0.01

FAT AR R FREFR IR 22 5 8.3 (P<0.05)

1.2 JKIREEHRE SR A 5

F 2021 4F 8 A XIS XK FREEAE S AT RAE S . BRI 8 AN /KRS A F- A7 Wl , 2 240 4% . pH 3%
fi#t 48 ( dissolved oxygen, DO) . 7K ¥ (water temperature, WT) | B, 5% (electrical conductivity, EC) | & % ( total
nitrogen , TN) | %% (ammonia nitrogen , NH,-N) fi§Z5 % ( nitrate nitrogen, NO;-N) FILEL#% (total phosphorus,TP) .
Hrp pH \WT DO #l EC 7EEFANA B AK BT S E (YSI, USA) #E AT A E . BASRAE SBCE 2 AP AT
FEf , BT AR AR 500 mL MK, 3631 1 L, /KFEZR 0.25 pum JE AR ( Millipore , USA ) i 8 J& , i & 41 B
H,S0,RICZE pH<2, B A 5 BEOE R AE, 24 h Z 2% B 3250 = #5477 TN  NH,-N NO;-N A1 TP #) i
FE, FESCEE TN AT NOS-N SR AN OB EE VR 2 NH,-N SR 40 FG 500 6 B v 00 TP SR R AR B T
IR MRS G BE e 5 0
1.3 PREE DNA M5 R 5l
1.3.1 3155 DNA RES R4

FRARKIREE DNA FE 5 TSP I, A6 A S BEE 100—200 m 7F A Wil il B, 40 & 22 i X &
FLIXFIEIK X, SRAE R Z K 10 em ZRHIT7K 3 L, KEEZ 0.25 wm JEIE ( Millipore , USA) i 31 | 55K &
FEE S KA 300—500 mL Kt B8 f5 5 A FATRE S IR AT A 5 mL B0 WA T-80 C kAR & H .
1.3.2 DNA 85 PCR ¥

FRIE E.Z.N.A™ Mag-Bind Soil DNA Kit( OMEGA , USA) k7| &2 Mt AER/E DL , X8 B 4249 DNA H
B AT HE I,

KU FHE 14 mlCOTintF A1 dgHCO2198 it JEE A Sl 2 b 1A 20 it (5 K 44k 1 (COI) AT PCR 3517
1E 18 51 % & mlCOLntF; 5'-GGWACWGGWTGAACWGTWTAYCCYCC- 3/, & [a] 5] ¥ 4 dgHCO02198; 5'-
TAAACTTCAGGGTGACCAAARAAYCA-3', PCR ¥ 344t fr 2 48 (£ 2) . % 1 %8 PCR ¥ 341K RN 30 pL, &
Fif 2xHieff*Robust PCR Master Mix \1F 52 [ 5[ 4] . DNA B A B 7K 4 A% i e iR AR o ARIRGE k(B A
T R AE AL IR A AT, A 2 YRR 1 S EERE BT Nlumina #72X PCR A5 19, P 14
AP HABREE 1 RAME, £F PCR ¥ 5E S, F Mumina PE300 - 5 #6471 il S 007 (A4 TAY TR
( i) B A RAE) . FHLS ) X 7 5 8005 ( PE reads) , B #lE PE reads Z [B] B & 3¢ & BF % 1K)
reads PFE— 55791, SR G H BEAIE AR 28 17 SR X A0 FE il A5 B BEAR R . R BRI A TT R il —
B, 5T A 97% FILLE ) Operational Taxonomic Unit (OTU ) #E47 225 Mg OTU B 45 1 K H1
OTU M FRIF 5 GenBank KiZ Y COT W £ Kl 3 HEA T U X AT R
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F2 COIEREY KR MNERMEIFEME

Table 2 Reaction systems and cycling conditions for COI gene amplification

LR (X HRY

The first round of amplification The second round of amplification
#1173 Component RB/ ik TER TEIR AT Z{17 Component BV i TER TEIRI%AE
2xHieff® Robust 15 pL - 94%C 3min 2xHieff® Robust 15 uL 1T 95%C 3min
PCR Master Mix 27 94°C 30s PCR Master Mix 2730 94°C 20s
TEI5 14 Forward primer 1 pl 34Hk 45 20s 1Em51%) Forward primer 1 pl 3-Hk 55C 20s
JZ 10514 Reverse primer 1 pl 4-SEf 65°C 30s JZIE 514 Reverse primer 1 pL 4-SEf 72°C 30s
DNA 4R DNA template 10—20 ng 5-1E 2—44E# 20 % || DNA B4 DNA template 10—20 ng 5-1§%h 2—ATEI 5 IR
JEHIK Sterile water 9—12 pL 6—ARUIES 72°C Smin JEHIK Sterile water 9—12 uL 6-KWHEM  72°C Smin
JAF Total volume 30 plL TRAF 4C JAF Total volume 30 plL A7 4C

1.4 FHlEatr

G, BRI FAEA AR 425 <0.001 % FIAL IS A < 10% 1) OTUs,, K5, SIS W S 6L 5 4>
FEAS PR IR <3 19 OTUs ; #5FHREA PRI A OTUs B OV 35 VR R A W RE s i B e . e, &
eI A OTUs fAE12A105 B AR B IR KR ST i OTUs %t , FH T Rh ZRE P B P4 fe e MR B0 11
141 YR

PERYI RN BE (Species richness,S) Margalef &= & B 8% ( Margalef abundance index,d) Fl Pielou ¥4 i 45
H(Pielou evenness index,J) =845, WHIFNZ T (d F1 J) FIREIE SEARRRAE (S) RIEAEY ZHEME, HIEHE
SR IR e Bk ST A TR R

Margalef =& EEFE 4K .
d=(S~1)/InN
Pielou 5] FEHE L.
2 PIn P,/InS
Ao, S NE SRR N AR R S Y 'ﬁﬁ VL, PR YIFN i 1Y OTU J7 9050/ R s W) 57 518

Y Z R OO AR 2 S
142 FHEREN
JEEA SRV R M DABE I W ol 4 B 728 S5 R SR (81 8 (TCV ) 7 R 5 1S RoR . 1ICV BT i
ﬂu?
1 & m(ng)
ICV = ?ZI o(n)
Ko, S b u IS AR5 o ISR R I BRAE2E  n, IR @ () OTU JF 514K,
ICV {EBE A, 2R & Wi B AR S b/ B & R R s
BER IIFRBR TS ik

n
pos _ =
¢ = 2 a; 7, >0
i1

Cre = 2 a7, <0
TEP, AR ERE R P AR R R O F HC"W\ 1R IE BER ) YRl i FIEE M, > 0) FlfE
WY r, < 0)THEH SRR S FA AR Y B 3 B AR DGR ARG R B ME . SR | TBER T 1/ IEBE
BT R RR T BT P ) 1) 5 4 G ZRBRIKE , A Tl A0 1) 076 AR, 2B RV AR
143 HdEor
XFREEHY 8 A FREE K F1 7 A A= W48 hn i AT B R 5 22 70 BT ( One-way ANOVA) | IR FEA[R] T4 X ER
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$55 K1 TG W0 22 R EL BT A PR 22 520 . 11T Shapiro-Wilk ( S-W) A 0045 52 7% R BEIA Tk
W2 FEEIR BT GRS (P >0.05) o S PRI 9K S IR 3 ) Z2 R 28 AR TR 1, 0931l 128 ] Pearson AH G
P A 5] LA R (stepwise regression model ) 1 Mantel A5 ( 455341 9999 YR) §ifi 156 X A s 9 22 1tk 2.
A B IRE RFFMAEYRF UL P <0.05 7 28K K F ( Variance Inflation Factor, VIF) <1 1 F¥r
e, O et B OB

7 FEAE 25 5B 00T 5 P R 01025 LA 46 P P 00, 8k T BR0.05., S b7
7S R B EE R  H 284 3 - AN R T AL X R A BRI O . B T ERBE A 1 IS 3h ) 2 RE 1 R R s A
SEMEFEARAS L5 K 5 AR AR Y (Structural Equation Model , SEM) |, #fi %2 #1555 [ 7 Fl A 9 2 REVEF8 b X G h ) B
VR ARE TR B A R, X IREE X T A S 22 R R T8 Fo U P S B 1) Y 22 B LA MR A T A
55, DL Pearson AHIEYEREL 1 r1>0.7 HUEN], SIBRITUARAE S (% 3),

*®3 HEEFEEWIELHZEH Pearson 18K 5 H7

Table 3 Pearson correlation between environmental factors and biological indices

E2 HBEHF Environmental factors

Parameters pH DO WT EC TN NH;-N NO3-N ™
pH 1.00

A DO/ (mg/L) -0.40 1.00

KT WT/(°C) 0.13 -0.23 1.00

B % EC/(uS/cm) -0.44 0.71" 0.06 1.00

M TN/ (mg/L) -0.34 0.22 -0.40 0.58 1.00

A NH;-N/(mg/L) -0.46 0.13 -0.24 -0.13 0.08 1.00

HAZA NO3-N/(mg/L) -0.23 0.17 -0.48 0.48 0.98 ** 0.04 1.00

S TP/ (mg/L) -0.05 -0.45 0.06 -0.43 -0.13 -0.32 -0.08 1.00
L 0.55 -0.01 -0.41 -0.17 -0.08 -0.09 -0.04 -0.37
Margalef F= & BEH6 4L d -0.38 0.30 0.18 0.11 -0.32 0.67" -0.43 -0.60
Pielou Y5 AR5 J -0.43 0.30 0.43 0.12 -0.40 0.50 -0.50 -0.40
REVEFUE MRS ICY 0.10 0.12 0.50 -0.13 -0.82*" 0.04 -0.90** -0.28
| EER T | /IEEER 11 C;8 1/ C o -0.62 -0.03 0.09 0.07 0.19 0.44 0.16 0.14
e H: )46 41 Biological indices

Parameters s d J IV 1CM1/CP

pH

4 DO/ (mg/L)

JKE WT/(C)

AL SR EC/(uS/cm)

B TN/ (mg/L)
% NH;-N/(mg/L)
A% NO3-N/(mg/L)

Bk TP/ (mg/L)

Wk R S 1.00

Margalef F= & BEH6 4L d -0.02 1.00

Pielou Y51 B84 J -0.37 0.82** 1.00

REVEFUE RS ICY 0.11 0.68* 0.66 * 1.00

| TEER Ty 1/ IEBER TT 1 €81/ G -0.85"* 0.25 0.38 -0.17 1.00

# P <0.05, %% . P <0.01; DO & fft % Dissolved oxygen; WT: 7KL Water temperature; EC; B, 5% Electrical conductivity; TN: & % Total
nitrogen ; NH; -N.%{% Ammonia nitrogen;NO;—N;ﬁﬁ A Nitrate nitrogen ; TP ; B Total phosphoruS;S;%ﬁﬂz&? Species richness ;d; Margalef FEEE
H8%L Margalef abundance index ; J : Pielou 2] FEF5 %X Pielou evenness index; ICV ; BEVE RS E M35 %X Community stability index; | G170 R

J11/1E#E5ER 71 | Negative cohesion| ratio to positive cohesion
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N T REARER S DR 1 RN AL 4 i [ i B i 0 22 S o ] TR SEM S BUE R AT 2-score BRifEAL, ARifETL

ITEWT FoR

z-score; = (D;— MeanD; )/ SDD;
Sttt D, RRREE | FRBSHT sk U8 1 HOMH, MeanD), BT SDD, 513147 b 1) BREEIR T A48 D, 9
PIEFbRIEZ

PLIEAL 3] 77 22 M3 (the Root of Mean Square Error of Approximation, RMSEA) . b % #l & #8 %% ( the
Comparative Fit Index, CFI) 5 L8 5% 22 ( Standardized Root-Mean-Squared Residual, SRMR) | K 75 {H ( Chi-
squared value X*) FLi 5 HAERAE (P) IAKTE , ST & 0 < RMSEA <0.05,CFI1=0.95 .0 <SRMR <0.05 .0 <
X*<3 H 0.05<P<1.00 [,

B A E1E R IS BB (A 4.2.1) #147, Hi S-W K256 One-way ANOVA J3#r 3228 4] 531 [5] )
PLREER IR YR R S B R AT IS S 2 FEPE R THEE A Mantel #5450 05 H1“ vegan” #2)7
A1 R R E MR codyn” FEF ALY 5 Pearson M1 SE 20 B F < corrplot” B2 402 F5 /- R4 Bt
T S B BRI DR 0 B R 1 B0 A 9 1) 2R FH  indliespecies” B2 542 R ggtern” B2 A1) s SEM. 4 4 72 )
JH “lavaan” BP0

2 HREHSH

2.1 BRI F 1501 R AE

IR T4 K RSB 72253 0 (16 2) . Seb, 25 FARIK o EC TN A NOS-N (0 My 5 s T F
PEIX (P <0.05) , 4351 (569.33£37.44) pS/em . (6.73+1.20) mg/L FI(6.17£1.15) mg/L;NH,-N 23k i 78
T BT, 4 (0.31£0.00) mg/Lo 4544 FREEHH T, I T4 K BRHE TR 400 s 5 AR B2
22 G R R R 3 R

& PO SR 122 5 (6 4) . HOT Margalef F BREARHL d Piclow 2951 SEREHLJ BFVE R
PERS L ICV A 50565 Iy |/ IESESR  (EH1e op THE IX di, 23 B4 3.75:40.07,0.7620.02 ,1.9020.11 F1 1.45+
0.27; b | A BER S1 1/ 1IEBER 140, AR 7E = T3 X e/, 40901 2.58+0.31,0.50+0.08 Al 1.35+0.10,
I R EIE $(16.50+0.56) FILEER 17 (0.25£0.03) 7 T4 X e/ s IR F4R X e ith , 4350 21,00 1.41
H10.51£0.12. L5 A M S REHE R RUE KRR 1 U 5 1 22 R B s | BE AR G P IR0 5
X ) RS AR, Vs AR e e 22 |

®4 AETHRRIEWESY SR BEERE D FHHE (P ELARER)

Table 4 Distribution patterns of benthic invertebrate diversity and community stability in different disturbance zones ( Mean+SE)

REpE s A FET 4R TR FTH
K o Low disturbance Moderate disturbance — High disturbance F P

Diversity index

zone zone zone
YIFhERE S 21.00+1.41a 16.50+0.56b 17.70+1.19ab 3.53 >0.05
Margalef 3= FE 1541 d 3.17+0.29ab 3.75+0.07a 2.58+0.31b 4.80 <0.05
Pielou ¥J5] BEHR % J 0.57+0.02a 0.76+0.02ab 0.50+0.08b 6.19 <0.05
BETEFaE RS B 1ICV 1.79+0.12ab 1.90+0.11a 1.35+0.10b 4.61 >0.05
IEBERTT ¢, 0.51+0.12a 0.25+0.03b 0.25+0.03b 5.03 <0.05
IREERIT11Cme 0.25+0.11 0.32+0.04 0.350.02 0.59 >0.05
I SBER )1/ IEBER TT 1 €81/ ¢ 0.68+0.43 1.45+0.27 1.08+0.10 1.80 >0.05

2.3 RIS Z AR AL R SR B A T
AR B ) 22 BEAEAR RO AN R BRI A - HoAT S & e By (18] 3,36 5) o Margalef 5 54 d 55 NH,-N
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Fig.2 Distribution patterns of environmental factors at different disturbance zones
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Fig.3 Environmental factors affecting the diversity of benthic invertebrate
% P<0.05;D01ﬁ{5§ff]¥/f\ Dissolved oxygen;WTJJ(“(E'l Water temperature ; EC; 5% Electrical conductivity ; TN B Total nitrogen ; NH3—N;§2§L

Ammonia nitrogen; NO3-N: i & & Nitrate nitrogen; TP &\ Total phosphorus; S: ¥ £ & Species richness; d; Margalef =F & & 5 %X Margalef

abundance index; J ; Pielou ¥J%]FE$8 %X Pielou evenness index
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Table 5 Response relationships between environmental factors and biodiversity

AW Z B R bR w5 75 7% I3 22K A T VIF R p
Biodiversity index Regression equation Variance inflation factor adi

PFhRE S $=0.09 pH+0.55 1.00 0.19 0.11
Margalef = 5 84K d d=0.30 NH,-N+0.64 1.00 0.46 0.02
Pielou 5 FEF5 %0 J J=0.22 NH;-N-0.11 1.00 0.13 0.16

I T A S BORMWG S W) A B T REVR R . FE R R B S OB PR B IR - NH,-N 22 [H] B i [ O & 3%
B, K IREE R A T4 X KIS ( Tipula abdominalis ) FNEFSHE ( Ephemera simulans ) %535 15 $6 /8 ML A ; TP+ 4
X RISCFIFE L ( Chironomus tepperi ) FE[RJZH A 5 17 7K PR I 1 458 25 1) v 400 IX. 2 28 ph 48 0SS Tt 5 78 /s Ao AR
(K 4,36), htlnl WL Pyfh g Fa) Fh e 0 2 18 sUR I sh W 725 T 90 O A RER O A0 B, R
WISV 2 SO B 3N T R 4 S(r=0.52,P <0.05,1815) ,

® MEH e NH;-N/(mg/L)
Haa) i H 0.7
EHH o HTHK ®os
HE8 01
HEH 03

0 pmE ¢ 0.2
ERIEH 0.1

® FFEH . &
Lol hFRX ’ﬁ%

® - IRFHRX 100 \

20 40 60 80 100
-
FRUL Chironomus tepperi

4 ETMXARED MR ES RIERMHS TR

Fig.4 Community succession of benthic invertebrate and distribution patterns of indicator species at disturbance zones
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Table 6 Indicator species of benthic invertebrate at each disturbance zone

Wil Wb VN1 [ERETIEa p
Group Species Indicative value Tolerance value
K TLIX Low disturbance zone WE Wiz Ephemera simulans 0.64 2.4 <0.05
fETHEIX Low disturbance zone KL Tipula abdominalis 0.54 2.2 <0.05
mBFIX High disturbance zone FEML Chironomus tepperi 0.65 9.1 <0.01
4 0.15 F1-0.26 ;38 1L ALY T (d A S) 7= R ] #2520
Mk 0.28 F10.33, NO;-N XF ICV HA7 i 3 65 i ( P< s d y W
0.05) , MR -0.90, Hodr BN M -0.73, i s g'z
R YR A B [ 4 52 2 - 0,17, EC,NH,-N Fi 04 %
W&
NOS-N X | 5358 3 J 1/ 16 358 3 3 AT 83 TE 56 il (P < o o
0.01) , BEMARER 435 8 0.06.0.39 F10.14, Hov, B —018 02 B
05 2
0.64,-0.41 1 0.83; i i Jomighzy | PO 04 2
R H~ M b AR PR A Y ) 4 i Dol

243514 0.70,0.80 ﬂ]—O.69O AT WL, EC A NH, -
N A F T IR AT 2l P o Fooe PEAIL A8 22 5 NOS -N AR
SIURBENG S YR VR R E R A ICV TR HSIM ms  mmmimzhm S a4 9 B F (O 3 Wi 4Lk
BRI/ IEBER A AR AR RN e C R SRS PIRIE A RE S5 OTU U)

YRl BE S 1 Margalef = B B FE 5L d 2 5 10 JE 19 Fig.5 Biological factors affecting the diversity of benthic
ﬁ]%ﬁ%% XHE@ i + S % + ( 6, %:z 7) CH qﬂ S invertebrate ( Community compo%ition of benth?c ivnverlebrate
il d Xﬂ‘}ﬁé Tﬁﬁ]%ﬁi?@*@%‘l&" cv %E%IEE/ D[j = IJI'] )& represents the OTU data of each species at each sampling site)
IE530 ok 0.09 F10.53, SR, S Al d X e R S 1/1E
HER J1 0 W AT 25 5 e FLE SR, 52 R0 53901 2 —0.86 Fl0.92, BAHH d 5, ICV F I e J7 |/ IE e
RIVHRBERE A, A S YRR BASUE s ANV EICEE 22 | TE B8 2R (B, ] 9 B G 3R R

-0.8
-1.0

P>0.05

#% P<0.01

%7 FEETRRBH S EEH S RE O ML

Table 7 Effect size of environmental stressors and benthic invertebrate diversity on community stability

TS TUE MR B ICV I RBER 1 1/ IEBERTT1C;m8 1/ C v
P AL Community stability index [ Negative cohesion | /Positive cohesion
Predictable variable
HAEREAR (B3 ER AR ps¥ill HIEHAR (B $E A2 ¥l
1L 5% EC 0.15 0.28 0.43 -0.64 0.70 0.06
A NH;-N -0.26 0.33 0.07 -0.41 0.80 0.39
A Z NO3-N -0.73 -0.17 -0.90 0.83 -0.69 0.14
WHEE S 0.09 — 0.09 -0.86 — -0.86
Margalef += & BEH6 4L d 0.53 — 0.53 0.92 — 0.92

3 it

3.1 RIS Z A R SR B A T

JEAG S 22 AR S A ) I AR S PRI T I PR Y T 4 2R . W0k 2 AR A8 A AN S A ST e 5 JEE
A BT R &S S R A L R AR 2 S BOK BB SRS Y 2T
WM R 22— ARBFSEIE S 13X — 4518, B AN T4, Bksty A A 35 0 b T o5 L £91) 4l 35 1
KBS G E e V*ﬁﬂ%%ﬁf@%éﬁd%ﬂJTmJFTjEEE%"FF“(%M K2),
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Fig.6 Biological factors and environmental factors affecting the community stability and cohesion of benthic invertebrate
AL U Sk 700 2% B A S 25 9 TE 52 A R B2 W 5 IR €, 52 4 R M e 20 38 7R A S 25 B IESE W A U2 IR 5 P<0.05, % P<0.01,
x5 P<0.001; RMSEA ; ¥ {8124 77 2248 the Root of mean square error of approximation; SRMR; 45 #E{b 5% 2% Standardized root-mean-squared
residual ; CFI: WG 484X the Comparative fit index
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S ICHESh R £ S B3 TR (r=0.52,P<0.05) . 545 EERREL d M EEHREL ) MIZIE (N)
SRR, At S TR A2 (U) AL,

SN B ) 22 FEE AR B A B TEDL ] 5 Wy A B LA S A A A OG- H DT i AR B 2 Al
WNSEE IR AR 2R S R B AR PR Bl B B2 R Rl IR h - I X K
b AR X A 5 K A I ( Uracanthella punctisetae | Tif 1518 =2.071 ) FIEEHHE & (£ 8) s FREH P 2 E T
PEIX, AT 5 A 1) S Tk S0 A1 8k ( Cheumatopsyche speciosa , it 15 {H = 4.5) R B ST ] i ey ey AR B
VA I A B R SRR T T 2 AR A R, BEVE R A o0 X W R A 1 J5 e FE i i VT e s e s,
TR X S P Al RO AR R AR VR X A ORI R AR A R R 2 S
R, M TR XA S AR &) BE RS i AR VRS B 4 1 g BB b T XS AR T3 X > & T XY
.,

*8 BTHREENMMHEANRERME

Table 8 Species composition and differences of benthic invertebrate at each disturbance zone

Wy RTHEIX PTX mT X
Species Low disturbance Moderate disturbance High disturbance P
zone zone zone

LT BEBEM I Aeolosoma hemprichi ot + + <0.05
TE{K . Aeolosoma sp. ++ + + >0.05
A2 R Nais communis ++ + + >0.05
WR M4 B Paranais litoralis ++ + - >0.05
EIE| Tubifex ignotus + + + >0.05
TEBIE| Tubifex tubifex + + + >0.05
& . Placusa tachyporoides + + + >0.05
TCHEAEIL Ablabesmyia rhamphe +++ + + >0.05
SESEA SRR Acricotopus lucens ++ + +++ >0.05
PRI Chironomus tepperi + + ++ <0.05
WERFR SR FEUL Cricotopus bicinctus + + +++ >0.05
T2 JEFRIL Polypedilum cultellatum + + + >0.05
K BRI Tanytarsus sp. + + + >0.05
KL Tipula abdominalis + + + >0.05
T ARE Cloeon emmanueli + + + >0.05
KAUE Uracanthella punctisetae + >0.05
VR Ephemera simulans + <0.05
WREH Ochterus marginatus + + + >0.05
JE KB M Cheumatopsyche speciosa + + >0.05
LA Hydropsyche sp. + + + >0.05
BRSUA W, Potamyia flava + + + >0.05
A1 Phryganea cinerea + + + <0.05
VAT Corbicula fluminea ++ + + <0.05
AR IZRL Paludinellassiminea japonica + + + >0.05
75 W BTk B Caenorhabditis remanei + + + >0.05

TR R OT 22 8RR SR WA TE 2% TR X 10 22 SR AR S8R ( Kruskal Wallis #0335 22 PRI P <0.05; +3 7R THEIX i 8
R, B 220 R YRR R R

3.2 RIS AR E P A 9k S ] 1

JERATG Sl R v A R W B R A TR T AR A, iX — i S5 A SR s BE MR M) SRR G . AIFSE 4G
KB IR IN T AR ) 2 R R D SR S I v AR E PR R SC BRI 3R [RIIN, BR958 X AN SO AT s iy e
VEASE VEA A | L oxii i RO A M) AR PR TR M AR v A€ P . X T EC ORI NH,-N T HOW fE v A
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PECICV F1BESR T |/ IEBER T80 W M RN K T B AN . b A THUT , RSN
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R MR NTERI R O RG], i 2 R A B R M B TR AR e 1 L AR STIE S, )
FHAERE S MR BRI AT 5 | AR SRV RS MRy A L ARy b - R A R S X
P IEIAH AT R0 | 7R A 25 IR 2 R AT 2 ) I S HEVE A T BRIE T BRI, 22 D5 A b s A ate 2k
J& BB B IS R B A SN, I A RV A MRS FE B i KO ) SR T A 1 S 85 P g 1
I TR g ST ) B AR L | AR B I AT S B A, SRV R (B S 5 DG RIS e
FERE B4R T BORRGTIE . o n] DL BRI PR K A A B R e D AR B — 7 1] YA M) ldhi A

H1 T SR P A TR A AT P B S T b K 4 DALk B A 1P 10 B A A L W K 52 B
ST, R E VR R KA S R G IR R AN THET | IR TN 73 i = o B e Ok - )
LS 3 — B b S A X R ATG 2l 490 e 5 A M O IR S A T, o DA TR B 4 20 7 %o Xl A 2 R e A R M ) 5
w24 A A R G R A FE AR R RS, AR FRBE DNA B TE AT 2490 (4 K R 56 5 J7 TS A7 AE #B 43[7)
REFIAS JE 00 B2 B AR AE PR HRUN g 1 P % A5 49y 20 M R L 9 et 2 A 1 53 i T e /s 1 17 R AR
BT TR, A NGRS T IREE DNA BRI AR T U A 4 22 R R 7 e M 1 e 1) 42 5 i
B RIBESE , VR 7K AR 285 2R G A P B il A 200 A 2518 S s B A S5 R S IR

4 #ip

(1) JRA S AL L AR B PR A T X 2 R 3 o, Margalef £ FE48 %L d  Pielou 2]
TREC T FERRE SRR ICV FIBER T8 €,/ C 1a b T30 DX e s FH B, Wb - BE R4 S 1E b T K hx
R, SESAEYHREORE , P I A AR iR I AR E PR Bt s i 0 X AR W AR PR fe A1, BV AR E
s 2z,

(2) B 15 LE YN TR SRR S AR E = A . b BREEIA 7 AR NH,-N X d BAT 35 1B R
i 3 AR TR P AR e s RIS PR 8 2 B e IR Sh W b 2 1 S Y BRI AR

(3) N T 5 RWIsh Y SRS RIR S R e A A, Horp  BR5E 7 59 EC NH,-N FIZE 91N
THH) Pielou ¥2) BEFREL d BT T IR ST A e AL B R e | T s Y BE Y NOS-N AR PR B2 S
BIRZ FEURN S YIS TR EVE T B, I TRV ORI ] 5240 0GR 3 1 AE W iRt
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