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Abstract . Biological community composition in rivers is driven jointly by multiple environmental factors, however, the mechanism
is largely unknown. For this, an eDNA-based technology was used to investigate macroinvertebrate community composition and
biodiversity at 10 sampling sites from 4 mountainous rivers (Jinxiuchuan, Jinyangchuan, Jinyunchuan and rivers after their conflu-
ence) at lower Yellow River Basin. Results showed that the water quality varied in different rivers. For example, the concentrations
of dissolved salt and nutrients were higher in Jinyunchuan and antibiotics was higher in Jinyangchuan. Compared with the other two
rivers, the Jinxiuchuan had better water quality. The community composition of macroinvertebrates in the mountainous rivers exhibi-
ted significant difference. Jinxiuchuan was dominated by aquatic insects with small proportion of molluses. Among these organisms,

Insects ( Tipula abdominalis and Uracanthella punctisetae) and Oligochaeta ( Aeolosoma sp.) were the key species that contributed
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greatly to the differences in community composition of macroinvertebrates between Jinxiuchuan and other rivers. Redundancy analy-
sis (RDA) and variance partitioning analysis ( VPA) revealed that salinization, nutrients and antibiotic significantly affected the
changes of macroinvertebrate community composition. Of these factors, electrical conductivity (EC) were the most important factors
for driving the macroinvertebrate community composition changes with a contribution rate of 22.86% , followed by TP (20.12% ) ,
NH;-N (13.25% ) and TN (7.81% ). In addition, the contribution rates from the coupling effects of salinization with nutrient and
antibiotics was 21.60% and 19.60% , respectively, and nutrients and antibiotics was 16.20% . Stepwise regression models showed
that Margalef index (d) was jointly affected by salinization (EC) and nutrients (NH5-N and NO3-N). As EC concentration in-
creased, the positive response relationship between d and NH;-N, and the negative response relationship between d and NO3 were
enhanced. Therefore, the coupling effect of multi-environmental factors on aquatic organisms should not be ignored, and more at-
tention should be paid on the contribution rate of various environmental factors in the biodiversity protection of macroinvertebrates.
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Fig.1 Location of sampling sites
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Tab.1 Environmental characteristics in mountainous rivers at lower Yellow River Basin ( Mean+SD)

Eistn N HEBA N Pl =INCAE AR
EC/(pS/cm) 411.0+18.1 446.3+68.0 637.0+11.3 580.0+65.1 500.6+38.0
TN/ (mg/L) 3.20+0.51* 4.46+0.79* 7.84+1.20" 3.38+0.13" 4.54+0.66
NH;-N/(mg/L) 0.37+0.04 0.39+0.12 0.51+0.13 0.30%0.09 0.39+0.05
NO3-N/(mg/L) 2.59+0.56" 3.88+0.77% 7.03+1.35" 1.85+0.22° 3.72+0.70
TP/ (mg/L) 0.04+0.01 0.070.02 0.04+0.00 0.050.01 0.05+0.01
MACs/ (ng/L) 0.18+0.01 0.09+0.02 0.06+0.00 0.16+0.01 0.120.02
FQs/ (ng/L) 2.15+0.85 4.06+0.57 1.77£0.26 2.58+0.35 2.73+0.43
TCs/ (ng/L) 0.34£0.15 0.76+0.54 0.63+0.39 1.15+0.00 0.67+0.24
SAs/(ng/L) 1.18+0.14* 1.88+0.12" 1.44+0.06* 1.59+0.05 1.52+0.10
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Fig.2 Community composition of macroinvertebrates in the study area (A) and each river (B)
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W REVE G 22 5 W5 W DG S W R oy B S 1) TD B 22 JE FE L ( Polypedilum cultellatum) FIUR I ( Ochierus mar-
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R 2 KRB S5 (R0 2 = 5 B RS L A AR B STk F 20 L
Tab.2 The average abundance of characteristic species and their percentage contribution to

similarity within the group

AR B %

OTU j: R/ % P
o )1l T
0TU519 Bifk il Aeolosoma sp. 5.06 0.74 3.60 <0.05
0TU1929 KL Tipula abdominalis 2.92 0.33 2.00 <0.05
0TU7095 KFUE Uracanthella punctisetae 0.08 0.00 0.10 <0.001
SERAANT R/ %
OTU Y - - TR/ % P
wBH izl i
0OTU267 FULEIR JE PRI Cricotopus bicinctus 2.81 34.72 25.80 <0.01
SR S %
oty Al - Tk % P
Al =IERE ’
0TU2192 D14k 22 AL Polypedilum cultellatum 0.20 12.39 11.70 <0.05
0TU2473 Biis| Tubifex ignotus 0.23 2.81 2.40 <0.05
OTU11700 W% Ochterus marginatus 0.02 0.58 0.60 <0.05
SERAANTEEE /%
OTU Y - Tk % P
I Wz ‘
0TU267 UL IR JE R Cricotopus bicinctus 4.40 34.72 22.70 <0.05
SER AT R/ %
01U P . TR/ % P
TGl SJEAE
0TU2192 T2 S FRML Polypedilum cultellatum 0.07 12.39 10.50 <0.05
0TU11700 WU Ochterus marginatus 0 0.58 0.50 <0.05

X P<0.05 [ AR FIF) TR,

TR YR AR A YR EE R R (] 3) AR X I YRl 18 Fir, f7 S Rh gy 72% 355 S sh i
79 Bl FRATSYIT 6 Fh ERARSIIT 2 FRAILIESIWTT 1 Rl BBE5 )1 BRI 8 = 1A =) INC A J5 i
P AUERGE A 1R R, b SRR 4% o BTSN UE 4 2% Ll XTI I Y A W RORT IR =
A YR AR A Y R R R B
222 KA KM LA FRAE  o-BHEMEEREH H AT 1.14~2.22 Z[E (E 4A) ,$H{EH 1.81, 18
AV ZAEPATNFRE" BB L X B R AL TP V5 YL 254 (1<H'<2) 5d AT 1.87~4.01 2 Ji] , ¥ #3.23,
IR RAE K (d>3) ;Chaol F8EUAF 11.75~28.00 Z (8], B K 19.10, K-W Kz 2B, A=) 2 FE 8 5L
TEAWRZ B IR E 27 (P>0.05) o H'Fl d 19 KF-34918 th BUAE = INE G JE W, 430 24 2.08 F1 3.66;
Chaol & BEHE B SO ME H IAERR S5 )11, R 24.67, WEFRIMGCKRE , B85 )| H i d s RME B BAET
U, T Chaol =5 FEFE B0 A0t AR H BRAE 0% s 80 FE Y HY (9 35 KB BUAE T Ui, d 1 Chaol 35 FEFE A0 I
A IUAE B 88 )1 HRD d D\ L3 1a) T i i ik , Chaol F28 BEFEHA WIS . = )INCAJEH H' |
d J Chaol £ BEEEIN A At S5 = AR o

B-Z MRS SRR (B 4B) , BT UiE 4 25 1L BRI 60% 4% 5511 Ba i T Bues » ULAHBEE P55 T-HE10
TR, KB JRAT Sl W AL B AL IR R (Baw ) . IWEFIMHKE , #8551 Bon I T Bues » UEEH
TR ) A A B A A B B AP 2 BN s A, SR BRI = I E A JE T Ben Y155 T Bues » BEHIX 2
ST AR W 2H AR R p A R I
2.3 S INE FEFXF KB 4G 3h # BF 7% 40 R O 54 1

SRALANE IR 2 R A ST (X R R R AT Sl ) VR A AR fh ) R K (B 5) . db-RDA S5 BR,
EC A FREE 8 TP NH,-N J& TN X R BT S Y0 RE v AR fb B9 AR B3l 64.05% , ot EC A iR B
W 22.86% ,EFEEhH TP NH,-N F1 TN fUMEERAN 31 20.12% 13.25% F1 7.81% ([ SA) . VPA 455075,
LTI 58 SRR AT AR R R A AR X R B R AT 2 g B AL R A RS, 5T kR 4 S R 21.60% Al
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Fig.3 The shared and unique speciesin each mountainous river
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Attached Tab.I Codes of macroinvertebrate species in the z-value biplot

REE W B 7 " 1%
o R TS R 0 R AT T/ TV S Acolosoma hemprichi

2 FHAMI] REM  GAUEEH  ShmE S Aeolosoma sp.

3 WA HEM  EAUEEH  ikhE il Nais communis

spd FHAMIT  BEM  GAUEEH  kmE ML Paranais litoralis

5 WA HEM  GAUEEH  EER Tubifex ignotus

6 I EER  EALEEH  WER Tubifex tubifex

7 W] BAAl RE dE Placusa tachyporoides
8 WESMIT  B4Al R B TR Ablabesmyia rhamphe
0 WA BAM WA R SRR Acricotopus lucens

0 WHEEMIT  BAA WEE B R Chironomus tepperi
spll W BaAl AU WA AR Cricotopus bicinctus
spl2 WA BAA WEE B 6% IR Polypeditum cultellatum
spl3 WA BB AUEE BER KB Tanytarsus sp.

spl4 WHEEWIT  BAA WEE KER KHUR Tipula abdominalis

5 W BAAl kR PR e Cloeon emmanueli

spl6 W] BN e s AL Kbt Uracanthella punctisetae
7 WHEEWIT  BAA EH 1 Ephemera simulans
IS WEAMT  RmM LME BAEEL Ochterus marginatus
19 WA BAM  EWA QURRE HIKOCRIR Cheumatopsyche speciosa
20 WEAMIT  RmM BHH SUREE LRI Hydropsyche sp.

21 WM BaAl B QURRE  BRACHIR Potamyia flava

sp22 WM RHEA  EWAE Papizss PEL:4 Phryganea cinerea

sp23  BEAEFMIT O RMEHN wEHE WA TR Corbicula fluminea

sp24 BAKEYI] fig 2 M ERIEH mygEs Paludinellassiminea japonica

sp25 AL 10,77 4N /MTH JNFFRE FrNBEAT 2 Caenorhabditis remanei






