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Abstract. Rivers possess unique and complex branching hierarchical network topology, which leads to noticeable differences in

connectivity and habitat heterogeneity across different sections of the river network. Historically, river ecosystems have been studied
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as local or linear structures, overlooking the influence of river network positions on ecological phenomena, such as community as-
sembly. We focused on the Chishui River, which has a complex network structure and natural flow regime, to explore the effects of
river network positions on species diversity (o and B diversity) and community assembly of macroinvertebrates. o diversity was
measured using species richness, Shannon-Wiener diversity index, Simpson diversity index, and Pielou evenness index. B diversity
was characterized using the Sgrensen dissimilarity index (8, ) and Bray-Curtis dissimilarity index (dg;), which were further par-
titioned into turnover and nestedness components, respectively. Community assembly was assessed using Redundancy analysis
(RDA) and associated variation partitioning. We found that; 1) Macroinvertebrate communities in the entire river basin are prima-
rily regulated by environmental filtering. 2) River network positions affected the diversity patterns and community assembly proces-
ses in the Chishui River. Mainstream communities were primarily influenced by environmental filtering, while tributary communities
were structured by both spatial constraints and environmental filtering. These findings challenge the applicability of the Network Po-
sition Hypothesis (NPH) in the Chishui River Basin. Additionally, o diversity was significantly higher in tributaries compared to
the mainstream, whereas 8 diversity was significantly higher in the mainstream. 8 diversity of macroinvertebrate communities was
mainly composed of turnover, suggesting that protecting different sites and habitats is crucial for maintaining regional species diver-
sity. This study provides insights into the mechanisms of species coexistence and maintenance in benthic communities under the in-
fluence of complex river networks and contributes to the development of new hypotheses applicable to river networks in subtropical
monsoon regions in China. It also provides reference and basis for site selection and design of biological protection zones in the up-
per reaches of the Yangtze River.
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Fig.1 Distribution of sampling sites for benthic macroinvertebrates in the Chishui River Basin
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Attached Tab.I List of benthic animal species in the Chishui River

ide) 4 A= T B

1 2| Rt Enchytraeidae +
2 2L Nematoda + +
3 fili %z 41 Nais sp. + +
4 vy g Stylaria sp. + +
5 S 72 R Nais variabilis +

6 W E Al 2 Nais communis +

7 E Bk 2215 Limnodrilus grandisetosus +

8 Sk g Branchiodrilus sp. +

9 ] JE Tubifex sp. + +
10 K £ 5] )& Limnodrilus sp. + +
11 FE 7K L) Limnodrilus hoffineisteri + +
12 piavzacitc Branchiura sowerbyi + +
13 TE B Tubifex tubifex +

14 EZS /i Aulodrilus pluriseta +

15 HiEJE Glossiphonia sp. + +
16 iR Erpobdella sp. +
17 {4 H Potomamusa Potamomusa sp. +
18 i H Eoophyla Eoophyla sp. + +
19 UL Pyralidae sp. +
20 LR Protohermes sp. + +
21 BEfI g Neochauliodes sp. + +
22 IR} Chauliodinae +
23 W RHEE Lamelligomphus sp. + +
24 AR )& Labrogomphus sp. +
25 WA I ) Asiagomphus sp. +
26 )R Sinogomphus sp. +
27 Eii-E =S Stylurus sp. +
28 KR Fh Macromiidae +
29 AL )& Burmagomphus sp. +
30 Y IEHHEE sp2 Stylurus sp. +
31 % I Libellulansp. +
32 UT It 8 Zygonyx sp. + +
33 THE & Zyxomma sp. +
34 L5 Macromia sp. +
35 AR Watanabeopetalia soarer +
36 s Periaeschna sp. +
37 ety Archineura sp. +
38 TATER} Euphaeidae +
39 X 4% Amphinemura Amphinemura sp. + +
40 X ¥ Protonemura Protonemura sp. +
41 7} Paragnetina Paragnetina sp. +



42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

#tiF} Togoperia
1%} Phanoperla
R
AT
SR, spl
SUAK sp2
LU sp3
SLIKSCH R
LR AR
KA spl
JE A R
E AT
AR Agapetus
NI
AR
AR
AT R
L4
B HF} Apsilochorema
LI AR
& SUREY
K A AR —Fh
K f Akl Mystacides
KA AR Oecetis
KA AR Setodes
KA AR Ceraclea
KA AR} Triaenodes
JF A%} Micrasema

JEATIA} Cernotina
PEAE} Neureclipis

% BEAEL Polycentropus
AR
471k
e
TITEIE &
Y
FIE IR
HL AT
AN e
N L]
A et
LRI R
ME I,

R oW

Togoperia sp.
Phanoperla sp.
Rhopalopsole sp.
Stenopsyche sp.
Hydropeyche sp.
Hydropeyche sp.
Hydropeyche sp.
Cheumatopsyche sp.
Polycentropus sp.
Leptoceridae
Rhyacophia sp.
Himalopsyche sp.
Glossosoma sp.
Agapetus sp.
Hydroptilabiuncialis sp.
Economus sp.
Psychomyia sp.
Apsilochorema sp.
Apatania sp.
Apsilochorema sp.
Limnophilidae
Gunungiella sp.
Leptoceridae
Mystacides sp.
Oecetis sp.
Setodes sp.
Ceraclea sp.
Triaenodes sp.
Micrasema sp.
Cernotina sp.
Neureclipsis sp.
Polycentropus sp.
Lepidostoma sp.
Xiphocentronidae sp.
Ephemera sp.
Potamanthus sp.
Isonychia sp.
Epeorus sp.
Serratella sp.
Ephemeterella sp.
Torleya sp.
Cincticostella sp.
Drunella sp.

Caenis sp.



86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

116
117
118
119
120
121
122
123
124
125
126
127
128

VY- b
VY5878 sp2
VU453 )E sp3
TEHT ) sp2
TEHT & sp3

i HET R

e 115

AB I

5 07

s dep b
i b7 I
JTRAA 535
1R — 3 )=
g
KAAEE spl

e 155
RAUEE sp2

Tk H A} Gyretges
RESG
1V HF} Gonielmis
%7 %} Macronychus
Jii U8 Fi} psephenoides spl
Jii U8 Fi A} psephenoides sp2
Jii & Fi &} Ectopria
J@ e Hi#} Sinopsephenus (6
fig)
it 8 R —Fif
K R
F R
bERIEE R
&R
JE R
N I
Ed e
F IR} Distotrephes
K IR
1)
Jp3%} Prosimulium
g sp2

Baetis sp.
Baetis sp2.
Baetis sp3.

Baetiella sp.
Baetiella sp.
Baetiella sp.
Habrophlebiodes sp.
Thraulus sp.
Habrophlebiodes sp.
Cinygmina sp.
Notacanthurus sp.
Heptageniidae
Heptagenia sp.
Rhithrogena sp.
Siphlonurus sp.
Ameletus sp.
Pseudocloeon sp.
Leptophlebiidae
Alainites sp.
Uracanthella sp.
Habrophlebiodes sp.
Uracanthella sp.
Gyretes sp.
Stenelmis sp.
Gonielmis sp.
Macronychus sp.
Psephenoides sp.
Psephenoides sp.
Ectopria sp.

Sinopsephenus sp.

Psephenidae
Hydrophilidae
Paracymus
Scirtidae
Carabidae
Dytiscidae
Micronecta sp.
Aphelocheirus sp.
Distotrephes
Naucoroidea
Simulium sp.
Prosimulium sp.

Simulium sp.



129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172

i s
b
KR
i
TE R

PN
EPNIYE
i SN
PN
KRR}
KISR—Fh sp2
PSR}
s
MRl
DU
[ikres
AR
EEN
FEbkE e
AL R
ORISR
MER
B RARIUR
YRR
WBIIRLUE
TSR
K RSB AL —Fh
KL PRIUR
SR 2N
PRI IR
T TR
Al SRR
SE IR
BARUR
VBRI
EZyRE iV
SUERIR SRR
SV YRE 2y
Xz YRE 2
St 37 YRE 2N
EFERZYRE NG
LT IRHR R

Tabanidae
Empididae
Dolichopodidae
Stratiomyidae
Anthomyiidae
Antocha sp.
Hexatoma sp.
Holorusia sp.
Cutipula sp.
Tipula sp.
Tipulidae
Tipulidae
Athericidae
Rhagionidae
Ceratopogonidae
Psychodidae
Bezzia sp.
Calliphoridae
Megamerinidae
Orthocladius sp.
Rheocricotopus sp.
Sympotthatia sp.
Cardiocladius sp.
Psectrocladius sp
Heterotrissocladius sp.
Tveteni  sp.
Parachaetocladius sp.
Parametriocnemus sp.
Tanypodinae
Tanypus sp.
Tanypus punctipennis
Rheopelopia sp.
Ablabesmyia sp.
Procladius sp.
Clinotarypus sp.
Potthastia sp.
Limnophyes sp.
Cricotopus sp.
Cricotopus bicinctus
Cricotopus trifascia
Cricotopus trifasciatus
Cricotopus triannulatus
Cricotopus albiforceps

Eukiefferiella sp.



173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216

HIF RIBBUR sp2
FUTT IR 0
PRIV g

A FE I
TR
BIJE—F ComlEE>
NI
ZXRUR
B AR
RE A I
EPNECT Vg
EF e

TUBESR L SRR
TS AR
405 R RR I
S EFE e
KRR
VNS e
BB 0
ANRERIR
TR A 32 00
JIT 6 R
ViR R
151 Efi s
1 ) P
)8 B3R
TR
Je B s
e ik bR
5 e FR IR
ERELE
HREEE
P AR I
TR A HR IS sp2

FRiIE e
ESiierive
TURIB TR
7K
iR
Al
K &R
K EF
PRIV
HOKIFE

Eukiefferiella sp2.
Parakiefferiella sp.
Paracricotopus
Brillia sp.
Chironomus sp.
Chironomus sp.
Microchironomus sp.
Dicrotendipes sp.
Chironomus pallidivittatus

Cryptochironomus sp.

:Demicryptochironomus sp.

Polypedilum sp.
Polypedilum paraviceps
Polypedilum nubifer
Polypedilum laetum

Polypedilum albicorne
Tanytarsus sp.
Rheotimytarsus sp.
Cladotanytarsus sp.
Micropsectra
Paracladopelma sp.
Neozavrelia sp.
Stictochironomus sp.
Microtendipes sp.
Paratendipes sp.
Thienemanniella sp.
Cryptotendipes
Nilothauma sp.
Corynoneura sp.
Epoicocladius sp.
Chaetocladius sp.
Cyphomella sp.
Stempellina
Paracladopelma sp.
Acalcarella sp.
Corynoneura sp.
Paratricholadius sp.
Acarina
Turbellaria
Gammaridae
Gerridae
Sphaeromatidae
Caridina sp.

Neocaridina sp.



217 bEENES Macrobrachium sp.

218 RER} Potamidae +

219 A R Hua sp. +

220 TSR Semisulcospira ningpoensis

221 284 9 Bellamya sp. +

222 JB5 I 428 ) Physa sp. +

223 B MZ)E Radix sp. +

224 (5] 028 Hippeutis sp. +

225 T PRI Stenothyra glabra +

226 AT Corbicula fluminea +

227 BRI Sphaerium lacustre

228 A R Hua sp.

229 i e g Gyraulusconvexiusculus

230 (B8 T e e Unio douglasiae

231 VA e Limnoperna lacustris +

BEe X1 A K] At EEA B P 3R AIE
Attached Tab.II The main environmental factor characteristics of Chishui River Basin
Ak Fiiit SCif
HER T
wmAE RAME B &RE &ME B wRAME wAME M

HRIm 1619.00  225.00 66391  749.00 22500 384.68 1619.00 275.00  767.98
WL/ (m/s) 1.33 0.00 0.46 1.33 0.00 0.43 1.05 0.00 0.49
SU(mg/L) 6.64 0.41 2.66 4.54 171 2.76 6.64 0.41 2.60
@ /(mg/L) 0.28 0.00 0.04 0.08 0.00 0.04 0.28 0.00 0.05
AR/ (mg/L) 0.59 0.01 0.10 0.21 0.02 0.08 0.59 0.01 0.11
o R BR R E (m/L) 1.44 1.06 1.24 1.44 1.09 1.26 1.36 1.06 1.23
pH 9.42 7.66 821 8.90 7.85 8.22 9.42 7.66 8.22
TR/ C 23.20 6.90 16.92 23.20 11.60 19.03 21.90 6.90 16.12
R/ (mgl/L) 14.58 7.54 9.71 13.28 791 9.74 14.58 8.27 9.77
L5 3 /(uS/em) 876.00 64.10 371.07 615.00 105.80 366.02 876.00 64.10 373.56
FKERIm 1.10 0.10 0.34 1.10 0.17 0.50 0.70 0.10 0.27
VAT FE/m 161.60 5.00 35.41 161.60 10.70 69.02 91.40 5.00 21.97
JEJTRTY
Ef% 100.00 0.00 61.41 100.00 0.00 62.32 100.00 0.00 60.73
A% 50.00 0.00 14.31 50.00 0.00 11.10 45.00 0.00 15.86
A% 40.00 0.00 8.78 30.00 0.00 5.46 40.00 0.00 10.35
K% 100.00 0.00 15.46 100.00 0.00 24.20 100.00 0.00 13.05






