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Abstract: The Jinsha River serves as a vital ecological barrier in the upper reaches of the Yangtze River. This area has been abun-
dant in aquatic biological resources but is being severely impacted by the cascade hydropower stations along its watercourse. eDNA
metabarcoding can efficiently and standardly obtain biodiversity data, widely recognized by both domestic and international re-
searchers as a technology capable of replacing traditional methods for biodiversity monitoring. To explore the spatial pattern of ben-
thic macroinvertebrate diversity and the related influencing factors in the Jinsha River mainstream, eDNA metabarcoding and tradi-
tional methods were used to sample the macroinvertebrates at 16 sampling sites along the mainstream of the middle and lower rea-
ches of the Jinsha River in February 2021. Water physicochemical variables were simultaneously measured, and environmental data
of hydropower stations were collected. The eDNA metabarcoding technique detected a total of 46 operational taxonomic units
(OTUs) across 4 phyla, 6 classes, 15 orders, and 24 families of benthos, while traditional morphological survey methods identi-
fied 29 genera within 3 phyla, 5 classes, 9 orders, and 19 families. Both methods found that Diptera had the highest diversity. The

middle and lower reaches of the Jinsha River showed significant differences in macroinvertebrate community composition, as re-
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vealed by both eDNA sequences and morphological abundance data. In addition, eDNA methods further detected the remarkable
differences in the dominant taxa and alpha diversity between middle and lower reaches. Canonical correspondence analysis
identified altitude, permanganate index, and the average annual power generation of hydropower stations in the upper reach of sam-
pling sites as the key environmental factors affecting macroinvertebrate communities. Our results highlighted the significant differ-
ences in macroinvertebrate diversity between the middle and lower reaches of the Jinsha River and cascade hydropower development
is the major stressor on macroinvertebrates. Our findings provide a reference for the improvement of biodiversity conservation and
monitoring methods for aquatic organisms in the Jinsha River.
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Fig.1 Sampling sites located at the middle and lower reaches of Jinsha River
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Tab.1 Difference in environmental variables between the middle and lower reaches of Jinsha River ( mean+SD)

WA Hh i T B U B F K365 & P
WT/C * 12.19+2.159 16.88+1.622 24.11 0.00023
TP/(mg/L) * 0.01+0.005 0.04+0.028 5.505 0.0342
CODy;,/(mg/L) 1.24+0.239 1.24+0.825 0 1
DO/ (mg/L) 8.92+0.385 9.50+1.958 0.687 0.421
pH 8.45+0.294 8.50+0.249 0.141 0.713
EC/(pS/cm) * 656.38+250.252 457.63+55.859 4.807 0.0457
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Fig.2 Chord diagram of macroinvertebrate community composition (a; morphology; b: eDNA)

(Outer circle; middle reach, lower reach, and order taxonomic category; Middle circle; sampling sites,

sequence abundance; Inner circle: community composition of sampling sites)
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Fig.3 Heatmap of macroinvertebrate community composition ( color gradients indicate relative

abundance levels, with eDNA data ranging from O to 4 and morphological data ranging from 0 to 3)
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Attachted Tab.I Species information in middle and lower reach of Jinsha River detected by traditional survey methods

Phylum 7] Class £ Order H Family 7} Genus J& SOl S02 S03 S04 S05 S06 SO7 SO8 S09 SI0 SIlI SI2 SI3  SI4 SI5  Sl6
Annelida #f Oligochaeta / / / 0 1 0 0 11 0 0 0 0 0 0 0 0 3 0 0
REEIEVIN] FEBH
Arthropoda Insecta [ Diptera XUi# H Chironomidae #£L  Chironomus FZWUE 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0
VI 2 F
Cricotopus LRI 3 0 0 0 0 34 0 6 0 0 0 0 0 11 0 0
=
Eukiefferiella FIFIK 0 46 0 0 0 0 0 0 0 2 0 1 0 0 0 0
Eediv g
Corynoneura ¥ik#% 0 0 0 0 28 0 0 0 0 0 0 0 0 0 0 0
e
Macropelopia KA 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
TR
Polypedilum % JL1% 0 0 0 0 270 0 0 0 0 6 0 1 0 0 2 0
s
Rheotanytarsus it 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
PR
Cryptochironomus & 0 0 0 0 3 0 0 0 0 1 0 0 0 0 0 0
BRI
Tipulidae KISCR} Antocha FAKIUS 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
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Empididae FEM-F}
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Limnophora 1 J&

Cinygmina L 3)%)&

Baetis VY07 )R

Baetiella 1£398% &

iz H
LG Amphipoda ¥ &
Malacostraca H

Isopoda % /& H

Decapoda 142 H

Anisogammaridae

S EEREL

Sphaeromatidae [4]
KEE

Palaemonidae

UFA

Eogammarus JREJ4F
&

Gnorimosphaeroma

il Y

Macrobrachium JBHF
J&

12



Potamidae JRMEF}

Atyidae #IRITR}

Palaemon KJEUF &

Sinopotamon R IE
J&
Caridina KIFJ&

22

Mollusca
ikl

Gastropoda H§
JEN

Bivalvia X{5%

N

Mesogastropoda

g H

Veneroida 7iiif H

Mytiloida T 01 H

Assimineidae B3
2R
Pachychilidac /55
12
Naticidae 125}

Corbiculidae {7}

Mytilidae i U1}

Assiminea IR IZ)E

Brotia )%

Corbicula W&

Limnoperna WU )&

35

24

FEAE I T AR I R R
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EZEN
Attachted Tab.II Species information in middle and lower reach of Jinsha River detected by eDNA metabarcoding

Phylum 7] Class 4 Order H Family %} Genus J& OTU ID Accession £ SO1  S02  S03 S04 SO5 S06 SO7 SO8 S09 S10 SI1  S12  SI3  Sl4  SI5  SI6
S
Annelida 777 Oligochaeta Lumbriculida 7 Lumbricidae 1E Eiseniella OTU04611 KY284329 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
;I HEN 2205 H Lolas
Tubificida Hi5| Naididae il % Amphichaeta OTU05050 AF534829 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0
H dukt W
Chaetogaster ~ OTU03249 KF952322 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0
Bl R OTU00250 GQ355367 0 0 0 0 0 0 0 0 0 0 0 0 0 294 0 0
0TU03799 GQ355367 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0
Dero JB#HWE  OTU01741 AF054195 3 0 0 3 0 0 0 0 0 0 0 0 0 0 0 13
Nais AliZcHJE  OTU00852 JQ519842 0 0 0 0 0 0 0 0 0 0 0 4 0 52 0 0
0OTU03741 JQ519842 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0
Pristina WJH ~ OTU02897 AF534855 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0
HUg
Slavina WL HE  OTU02290  MG421610 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 0
&
Tubificidae Hi Aulodrilus %~ OTU02241 CW0184 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 11
LR 7K )i 0TU02231 LT903814 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 7
Limnodrilus 7K~ OTU01329 KY369750 0 20 0 0 0 0 0 0 0 0 0 3 0 0 4 0
2215 &
Tubifex ¥EJE  OTU01409 MF669033 0 0 0 0 19 0 0 0 0 0 0 7 0 0 0 0




Arthropoda i Insecta X Coleoptera #5#  Haliplidae V44
BB | H #t
Hydraenidae T+
JEK f R
Hydrophilidae
K f R
Diptera XU# H

Chironomidae

FRICR

Dolichopodidae
KA}
Stratiomyidae

KA

Tipulidae K45

Bt
Ephemeroptera Baetidae VY7
g H LA}

Haliplus 8%
)&

Ochthebius

Enochrus

Cricotopus ¥
JE R
Diamesa Hffi
PRI
Orthocladius
ELRBRIE
Chrysotus NG
KAL)
Allognosta §E
7K
Odontomyia i
FKiJE
Ctenophora i
PN 3
Baetis DP475k%
&
Cloeon i
&
Labiobaetis 5%

SRR

OTU04925

OTU00212

OTU04482

OTU01740

0OTU03246

OTU03672

OTU03326

OTU02109

OTU04154

OTU00108

OTU00569

OTU04106

OTU04305

OTU01228

OTU04030

KU906700

LT991359

LT905356

LT905356

IN887060

LN897600

Chiro_00271

KR439920

KR665843

KR665843

JF873407

IN302481

JQ662830

LC223554

MN167323

0

38

10

334

1081

37

53



Ephemeridae ¥ Ephemera WPlif ~ OTU04884 MK951659 0 0 0 0 0 0 0 0 0 3
iz J&
Heptageniidae Afronurus WAE  OTU02232  NINUOI1H003 0 0 0 0 0 0 0 0 12 0
i iE R L3
Epeorus #ifl  OTU04414 KY865686 0 0 0 0 0 0 4 0 0 0
7 JE
Plecoptera ##{##  Leuctridae ##{  Paraleuctra #l ~ OTU02930 Ple_00026 0 0 0 0 0 7 0 0 0 0
H # EHR
Trichoptera Ei#l Hydropsychidae Arctopsyche 5 OTU01032 Tri_00086 0 0 0 0 0 0 40 0 0 0
H LR iR
Malacostraca Decapoda 1 /2 Palaemonidae Macrobrachium ~ OTU01768 MK308134 3 0 0 0 0 0 0 0 0 15
A H KRR RN
Mollusca #ifAk Bivalvia X{ Veneroida fi¥if Montacutidae Kurtiella OTU00066 MG935356 39 1616 32 33 71 0 0 0 0 0
Y] e H ey Cre OTU01126 MG935356 0 0 0 0 0 0 0 0 27 8
Unionida #:H Unionidae W} Anemina fiiif  OTU04647  NC_026792 0 0 0 0 0 0 0 0 0 3
)&
Mytiloida Jifi I Mytilidae 61  Limnoperna &~ OTU02347 NC_028706 0 0 0 0 0 0 0 0 11 0
H # e
Gastropoda Basommatophora ~ Lymnaeidae Lymnaea HESZ — OTUO01866 MN737035 0 0 0 0 0 0 0 0 0 14
2N LR H SR} 15
Planorbidae Ji Armiger OTU03126 KC495836 0 0 2 0 0 0 0 0 0 0
IR
Mesogastropoda Pachychilidae Sulcospira % OTU00679 MKO046719 0 0 0 0 3 15 25 13 9 0
PR H JE R IR Ui 0TU04282 MK046719 0 2 0 0 0 0 2 0 0 0
0TU03205 MK046719 0 0 0 0 0 0 0 0 0 0




Platyhelminthes Turbellaria Rhabdocoelida
RN N HlHH
Macrostomida

KAHH

Stenostomidae

Macrostomidae

PNEE: R

Stenostomum

Macrostomum

KA dR

OTU02852

OTU04162

NC_035256

KY006976

0

0
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Attachted Tab.III Information of sampling sites and environmental variables in middle and lower reach of Jinsha River

H(EBKE v (EFKIENL B (R NCRFAI X (R

Site  Long.  Lat. WT TP TN CODy, NOs-N DO PH EC AL  FV/(mis)

IKAE) A HED) i) =)
SO01 99961 26901 143 001 056 1.6 0487 981 782 811 1767 022 9999 9999 9999 0 9999
S02  100.069 27.168 9.8 002 048 1.1 0306 876 885 245 1771 061 9999 9999 9999 0 9999
S03 100231 27308 106 001 051 15 0501 898 863 787 1651 0 9999 9999 9999 0 9999
S04 100435 26999 107 001 055 1.1 0475 887 838 711 1396 0.10 1504 2000 88.77 2 51.74
S05 100449 26420 106 002 051 09 0496 872 849 704 1184 ¢ 1298 1800 87353 4 12.54
S06 101517 26602 126 002 058 12 0517 858 842 860 987 0 1134 3000 122.4 6 13.13
S07 101533 26590 16 001 059 14 0.51 868 847 854 98 0 1134 3000 122.4 6 15.26
S08  101.821 26669 129 001 057 1.1 0488 894 855 279 953 (.50 380 600 29.75 2 5.5
S09  101.925 26366 142 001 428 32 278 862 852 458 950 020 1022 560 21.77 7 59.37
S10  103.061 27417 196 007 141 09 1.06 901 845 456 582  0.05 825 16000 640.95 9 39.56
S11 103450 28.105 175 002 102 08 0642 992 859 502 577 0.2 825 16000 640.95 9 166.66
S12 103573 28239 166 003 08 08 0662 994 861 505 582 0.8 825 16000 640.95 9 187.44
S13 104163 28640 17 002 064 09 0573 1386 894 48 376 0 600 13860 571.2 10 119.17
S14 104408 28.640 178 001 074 07 0671 921 852 492 267 003 380 6400 307.47 11 1.12
S15 104630 28771 153 008 206 13 1.23 751 807 335 293 03 380 6400 307.47 1 32.18

S16  104.696  28.785 17 006 138 13 0.939 7.95 832 430 240 0.08 380 6400 307.47 11 38.93




I IV IR TR

Attachted Tab.IV Explained rate of key environmental variables

KAETTVE A Lperc/% adjusted R?
R TEE (CODwy) 14.12 0.028
eDNA
W (AL 13.90 0.024
RS R R (ED 33.20 0.058
TEA
W (AL 7.15 0.027




Richness

1000

500

Height

0.2-

B T 3 F38535 5 ) Ward-linkage 2570 #r4h

Attachted Fig.I Result of Ward-linkage cluster analysis based on environmental variables
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Attachted Fig.II Rarefaction curves
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