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Fig. 1

The distribution of sampling sites of this study and hydropower stations in the lower Jinsha River
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Tab. 1

Sampling site information in the lower Jinsha River

J X reservoir area T %5 river rank

VA7 4t site code

FE SV E site location Z 45 % longitude and altitude

— %% 37 1st-order tributary YL 2= N26°36'22.56" E101°48'00.99"
Tt mainstream JB il % N25°57'40.64" E101°52'54.22"
5778 Wudongde  —%Z% 37 1st-order tributary LC Al RARE | N25°57'05.83" E101°52'54.66"
T3 mainstream P - N26°17'45.67" E102°23'05.43"
—% 7 1st-order tributary SY i £y Y] 1 N26°27'46.04" E102°32'54.44"
T mainstream 4 ¥ N26°18'31.39” E102°38'11.61"
— 2% 33 1st-order tributary PD S N25°29'56.51" E102°34'41.08"
1 #5# Baihetan — 4 1st-order tributary XJ /NI N26°31'05.36" E103°03'33.83"
T mainstream DC RS N26°31'13.10" E103°03'08.51"
—& I 1st-order tributary HS SRR N26°57'56.36" E102°52'33.54"
T3 mainstream FJ TR N27°22'29.21" E102°59"21.60"
B Xiluodu — 437 1st-order tributary NL AR N27°24'17.64" E103°09'03.63"
Tk SW s N27°25'36.36" E103°08'20.99"
T3 mainstream FT P REAT N28°14'05.10" E103°41'22.09"
[ % Xiangjiaba 3 mainstream SJ 2T N28°37'31.75" E103°54'55.39"
T3 mainstream BS ] S8 U | N28°38'43.62" E104°22'23.94"

1.2 #HFmRESNE

1.2.1 KEBUMERESHNE HGEHTHF
Garmin GPS 1 X} 445 J& (longitude and latitude)fll
764K (elevation, Ele)HEA7ill#; i/ YSI EXO2 {#
X 2 B HOK T 43 M1 AT /K iR (water  temperature,
WT). pH. %45 (dissolved oxygen, DO), HL 5%
(conductivity, Con), M (turbidity, Tur)fIH4¢% a
(chlorophyll a, Chl-a)iE 475 ; 8 F Global Water
FP-211 B3 s A A R A s 0 I 8 (water velo-
city, WV)FEATIE . X KA fUIE T (substrate, Sub)
435 2550 (1) YR AIES - (silt plus clay, <0.06 mm);
(2) ?»(sand, 0.06~2 mm); (3) k{1 (pebbles plus
gravel, 2~64 mm); (4) BPf7(cobble, 64~256 mm);
(5) Efi(boulder, >256 mm), FH-7ERE— KA B
Fl AR — R 0T 5 Lh, DA AR A SR Bk AR
122 EWBMRESETE WIEZETCRER
R4 AR sh ) 5 A Suber B (T AR 30 cm*30 cm,
RIAC 40 H)FEANAL T 41 6 7 B R 4R o FF Suber
P 30 7K S T T [ TSR AR AR, SR AEHE I 1Y IS BT
FHZh, A 2 A KR 7 e AP, B
SRR E B ORAE 2~3 IR AN, TEA RN
FEL{E 30 em FF T E4% L 40 H MK AR T4 D A
M (D-frame net)if 1724 B E M RE  HmE 60

HrREGR e e, R R EA | B4, FHITR
TRAFIZ 1AL 32 [ A Sh A i A 4y
PRAFRAIH, (] 5%~8% 1) FF 28 wP iR AR AE . HE
S EE, A 2 A A A U AR AR A OGS
RO T S, KR — 2 S BT A AR A T AL,
S Al 0 A R BV 0 0 2 T AR, e DK
JE4 0.0001 g RF-HATFRE
1.3 HFEAESSH

JEE A Sl Wy A SR s O D 34 B 98 55 (Y)

Y=n,/Nxf;

2, n R B PR ANARE, N R IZ R A Bl 1
PR SEL, o080 | M TEIZ s L B . ASBIESRY
PL Y= 2%E et

3RS 9 AN [V Be B R - DL K R ARG 2l )
JEFIA Y 25 57 o B IR RIS B SRR A R,
KRS 5 2ER BEWERR . 73l exnt 546 B it
17 lgee+r DIES AL, HJ5 R HH K £ J5 2 (one-
way ANOVA)=}, Kruskal-Wallis ¥ 36($HaE iF 255>
BT ZZAFEER) o RHHESEE 48 RUE 734 (non-
metric multidimensional scaling, NMDS) % Z 1l Jif
‘B 4t 53 B (multi-response  permutation procedures,
MRPP) ] T3 #1 B 4G 56 A ) 7K 28 DX sl JE AV 3 4 e
T ZE S o SR S HE R 2 A IS S M v
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WS N T ZHAMEECR . 55tz LS

I 43 #7 (detrended correspondence analysis, DCA)
W B A i 5 M 3 M s S R B O AT o AS
FE RS R i R (T 3, PH i i
X B 43 #T (canonical correspondence analysis, CCA)
HEAT oM o B dE o A Z W, XFER pH A T A BiLAE
P R 7 AT EOR AR AL o BRI B B A T
Excel 2019 Ay, HABGEIT /3T 17E R 84k
5E i (Version 4.1.0, R development Core Team),

2 ZERESW

2.1 INEREFFE
Tl 3 ) 4 VYL D A5 SR A DXl 1Y 32 K S
TR 2 Fin. 455N, pH, M., 0
GFE a MEAEANFEEX KISEA R EES. A
FOREE X pH AR, W 4R ER a AR
EE. Kb HESAHE,
22 EWSBEEARSHENT
3 RICREEWISY 5 1] 8 4 63 &b (M5

1), Bf % 20 0 322 LU B 3h W B A 4R (Insecta) il
W1 31T (Annelida) o 32, 7351 o5 B 2R 2R HOT
B 66.7%F1 14.3%, ARSI TICRER] 7 Fi,
HEE 111% . o, B EOh 0E H
(Diptera)(18 F). 74 H (Ephemeroptera)(7 Ff)Fl
FE 3 H (Trichoptera)(6 Fit),

AN TRl vl GRS 53 2 ROcEU(H 8.647.2,
JWH 1~220 FEANFIKE X, AR X e,
BAGTE X I o AR 2=y, B R, RERZ,
KRR (R 2), 3 UCRAESLIE LA K 22 15 &
(Limnodrilus sp.). 4% )& (Glossiphonia sp.). & b
128 (Radix sp.). 8041 W% (Hydropsyche sp.). MU
W% (Baetis sp.) . i Wit (Ecdyonurus sp.). £ JEFEIL
J& (Polypedilum sp.)3t 7 1~r2 50,

S EFI NG 3 FIZR 4 Frs, LR E =
2%t 12 Fh(2R), H A SUA Bk (Hydropsyche sp.)
P e e o AR IEAEAS [F] 22745 I X Sl A7 7 25
5, RS EENE MRE . 55 BUS (Chiro-
nomus sp.) . KUFgE (Caridina sp.) . /K22 85| J& 55, &

F2 EWITHEREXBRESHY

Tab. 2 Environmental parameters of different reservoir areas in the lower Jinsha River

X £SD
. 7K & X 38 reservoir area
P14 250 environmental parameter - -
5778 Wudongde %St Baihetan RIS Xiluodu [ K Xiangjiaba F P

W33 /m elevation 1077.0£278.6" 887+354.5" 617.7+£22.6° 367.7+6.9¢ 38.35 <0.001
(898-1620) (659-1570) (588-641) (360-376)

7J({DL]'1/°C water temperature 20.0+3.6 20.2+3 20.9+2.2 21.5+£1.7 1.29 0.279
(9.0-26.1) (10.8-23.0) (15.0-23.1) (17.3-22.7)

pH 8.2+0.1° 8.1+0.3° 8.2+0.1° 8.2+0.1% 2.7 0.049
(8.1-8.4) (7.4-8.5) (8.2-8.4) (8.1-8.4)

{%:»é?-:ig/(mg/L) dissolved oxygen 8.8+1.5 8.4+1.2 9.0+0.4 8.9+0.7 1.518 0.214
(7.2-12.1) (5.7-10.7) (8.5-9.9) (7.8-9.7)

LB /FNU turbidity 145.8+161.7° 381+431.8" 109.7£71.5° 11.1£6.3° 9.045 <0.001

(29.9-600.5) (25.2-1206.8) (19.0-261.8) (2.2-20.3)
H1, 5% /(us/cm) conductivity 350.5+141.1 342.5+78 345.2+35.7 349.9+21.1 0.047 0.986
(174.0-615.4) (199.0-475.3) (300.1-399.8) (322.6-387.2)

M4t a/(png/L) chlorophyll a 0.7+0.4° 1.8+1.8° 0.7+0.3% 0.7+0.5% 5.84 0.001
(0.3-1.7) (0.3-5.2) (0.4-1.1) (0.2-1.9)

JEE i ki 42 /mm substrate size” 10.3+£28.1 19.3+34.9 0.1+0.1 8.2+13.8 — —
(0.3-80.0) (0.1-90.0) (0.1-0.2) (0.1-24.1)

Fi#/(m/s) water velocity 0.8+0.6" 1.240.7° 0.4+0.6" 0.4+0.7° 3.958 0.0134

(0-1.9) (0-2.0) (0.1-1.9) (0-1.8)

T FRARS G 2R, 155 NETFFRRER. RTAR TR 25

Y3 (P<0.05).

Note: " indicates data are not conducted with the significance difference test. Figures in the brackets indicate range of the data. Different

letters in the same row indicate significant difference (P<0.05).
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Fig. 2 The spatial-temporal distribution of macrozoobenthos taxa number in the lower Jinsha River
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Tab.3 Dominant species of macrozoobenthos and their degree of dominance in different seasons in the lower Jinsha River

["12% category It #Fh dominate species H 7 summer k2= autumn KZ% winter

5% Annelida J\H A8 Erpobdella octoculata 0.04
IK 2285\ J& Limnodrilus sp. 0.02 0.07
ERS| R Tubifex sp. 0.06

BAKEY) Mollusca % NZJE Radix sp. 0.05
RIE IR Physa acuta 0.02

F 72 8h#) Crustacea KUFJE Caridina sp. 0.04

KAz L U Aquatic insect Ji I J& Heptagenia sp. 0.02 0.04
VU5 %8 Baetis sp. 0.04 0.05
ACINE R Baetiella sp. 0.02
LU Wk Hydropsyche sp. 0.28
INGUA MK Cheumatopsyche sp. 0.06
PEUUE Chironomus sp. 0.05

x4 EWVITHARRBRBEHINABHMEABESST

Tab. 4 Dominant species of macrozoobenthos and their degree of dominance in different areas in the lower Jinsha River

"1 category P38l dominate species ?Vfi:fnfd[f DB%iiEfn]i (;%)(fﬁilﬁ r?(f:gjfb%
W73 Annelida WiIE| J& Tubifex sp. 0.03
K22 Y5\ Limnodrilus sp. 0.19
J\H A& Erpobdella octoculata 0.05
ARSI Mollusca ¥ NZJE Radix sp. 0.03 0.04 0.08
7 8h#) Crustacea KIFJ&E Caridina sp. 0.06
KAz B HL Aquatic insect WUz Ephemeroptera spp. 0.04 0.06
A1k Hydropsyche sp. 0.05 0.12
PRI Chironomidae spp. 0.19 0.06 0.18 0.20

BARFFD F LR IK 22 W8 . ES|JE (Tubifex sp.)
J\ B f1 1% (Erpobdella octoculata)Zs; 2&Z={FH
FE MUk . /NSUA B (Cheumatopsyche sp.) X
DU W74 1 2R R IR 9 DX ek T R i

(Chironomidae spp.), F %5 X Il 3 %2 800 1,
T AE 161 22 301X nf, 3 2 7K 222 ) Jag 4 B

23 RESMBEEZEEMENELR

A1) 4 VT 15545 0 1 G 0 9
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Fig. 3 The spatial-temporal distribution of macrozoobenthos density and biomass in the lower Jinsha River
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Fig. 4 The non-metric multidimensional scaling ordination
(NMDS) of macrozoobenthos communities across seasons in
the lower Jinsha River
Site codes are explained in tab.1.
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Fig. 5 CCA ordination of macrozoobenthos communities and
environmental factors in the lower Jinsha River
Biva: Bivalvia; Cole: Coleoptera; Crus: Crustacea; Dipt:
Diptera; Ephe: Ephemeroptera; Gast: Gastropoda; Hemi:
Hemiptera; Odon: Odonata; Olig: Oligochaeta; Plec: Plecoptera;
Tric: Trichoptera.
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Macrozoobenthos community structure and its relationship with envi-
ronmental factors in the riparian zone of the lower Jinsha River

RU Huijun', ZHANG Yan', WU Xiangxiang', WU Fan', SHENG Qiang’, LI Yunfeng', NI Zhaohui'

1. Fishery Eco-Environment Monitoring Center in Middle and Upper Reaches of Yangtze River, Ministry of Agricu-
Iture and Rural Affairs; Yangtze River Fisheries Research Institute, Chinese Academy of Fisheries Science, Wuhan
430223, China;

2. College of Life Sciences, Huzhou University, Huzhou 313000, China

Abstract: The Jinsha River basin has been marked as an ecological shelter and functional critical region of the
upper Yangtze River. It undertakes a variety of important functions, including biodiversity conservation. However,
studies on the species composition and community structure of macrozoobenthos in this region are still very
limited. To systematically understand the composition and resource status of macrozoobenthos in the lower Jinsha
River and to explore the main environmental factors affecting the community structure, the macrozoobenthos of
16 sites in the riparian zone of the mainstream and its tributaries within the four cascade reservoirs along the lower
Jinsha River were surveyed three times in 2017-2018. A total of 63 taxa of macrozoobenthos were recorded, and
the species composition was mainly aquatic insects, accounting for 66.7% of the total taxa. The number of taxa
was between 1 and 22 among the sampling sites. In terms of different reservoir areas, it was the highest within the
Wudongde reservoir area and the lowest within the Xiluodu reservoir area. Among different seasons, it was the
highest in summer and the lowest in winter. Hydropsyche sp. had the highest dominance among the species, and
the dominant species differed across the seasons. The mean density and biomass of macrozoobenthos were
(201.6+306.1) ind./m? and (3.2+5.5) g/m?, respectively, with significant differences in different reservoir areas.
The CCA (canonical correspondence analysis) results showed that the key affecting factors of macrozoobenthos
community composition in the lower Jinsha River were substrate (Sub), water velocity (WV), elevation (Ele), and
dissolved oxygen (DO). In general, the macrozoobenthos community structure of the lower Jinsha River was
dominated by aquatic insects and Annelida, with lower density and biomass than other rivers in this region. Due to
the fast flow velocity and simple habitat bottom in the mainstream, the macrozoobenthos were generally not high
in species number or standing crop. However, the rich macrozoobenthos resources in the tributaries of the interval
play an important role in maintaining regional biodiversity. Based on the results, several suggestions for the
environmental protection of the lower Jinsha River were provided, i.e., meeting the conservation challenges
necessitate long-term monitoring of aquatic organisms and impact assessment of aquatic ecology, protecting the
riparian zone of rivers to support the river habitat diversities and coordinating the protection of mainstream and
tributaries of the lower Jinsha River aimed at maintaining the integrity of the river ecological network.

Key words: macrozoobenthos; Jinsha River; hydropower development; community structure; aquatic ecology pro-
tection
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Appendix 1 Taxa list of macrozoobenthos in the lower Jinsha River

H1 344 Chinese name

1T 44 Latin name

JKEEIX H, reservoir area

5715 Wudongde [1%4¥ Baihetan

BT Xiluodu 6] XM Xiangjiaba

LY
2 i —Fih
IS
i3 HLEN
Pk —Fh
Hs]
erLlp
7K 22 5] J& —Fh
£ E K|
7 [C 2
FERLIAIK 2215
B Rk 21|
B H K 225
B3] JoE —
EE 2K
AR
ANCEREY
Gt
IR —Fh
PRSI
i 2 49
IR
K A 0
Be 171 IR
SR IR
HE SRR}
B — b
B I B2
IR 1
it SRR
[58] J A%Jos — Fip
X5E 2
i DURY
W
LY
b

Nematoda
Nematoda sp.
Platyhelminthes
Turbellaria
Turbellaria sp.
Annelida
Oligochaeta
Tubificidae
Limnodrilus sp.
Aulodrilus pluriseta

Branchiura sowerbyi

Limnodrilus claparedeianus

Limnodrilus grandisetosus
Limnodrilus hoffmeisteri
Tubifex sp.

Hirudinea
Erpobdellidae
Erpobdella octoculata
Glossiphoniidae
Glossiphonia sp.
Mollusca

Gastropoda
Bithyniidae

Alocinma longicornis
Stenothyridae
Stenothyra glabra
Lymnaeidae

Radix sp.

Physidae

Physa acuta
Planorbidae

Hippeutis sp.

Bivalvia

Mytilidae
Limnoperna lacustris
Corbiculidae

Corbicula fluminea

+

(¥4 to be continued)
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Tab. 1 continued)

H1 344 Chinese name

$LT 44 Latin name

JKPEX I reservoir area

5778 Wudongde  HESME Baihetan IR Xiluodu [ ZK M Xiangjiaba
TR Arthropoda
FH5EET] Crustacea
RLFR IR R} Atyoidae
KM Jg —Fh Caridina sp. + +
K IR AR Palaemonidae
KU g —Fh Palaemon sp. +
IR A Corophiidae
O 2 — Fr Corophium sp. n
B gy Insecta
g4 H Ephemeroptera
Jii WL Heptageniidae
i W e — Ecdyonurus sp. + +
L2 g —Fh Cinygmina sp. +
15 FH 0 S —Fh Epeorus sp. +
it W7 J — Heptagenia sp. + +
Py bR Bactidae
DUy i — Baetis sp. + +
A6 8 —Fh Baetiella sp. +
4Rt Caenidae
07 J — T Caenis sp. +
KM H Plecoptera
wiRk Perlidae
BB —Ff Totropina sp. +
EMH Trichoptera
80 MR Hydropsychidae
KSR —F Cheumatopsyche sp. +
S04 W —Fh Hydropsyche sp. + +
T 8047 1k Glossosoma sp. + +
MBS E—F Ceratopsyche sp. +
FA AT IR Stenopsychidae
FA 47 W e —Fh Stenopsyche sp. +
AT A Psychomyiidae
A7 i —Fh Lype sp. +
IEE H Odonata
R Gomphidae
K EHE Lamelligomphus sp. +
22 W3R Lestidae
E[) 22 38 Ja —Fif Indolestes sp. + +
(f#4£E to be continued)
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Tab. 1 continued)

H1 3 4 Chinese name

$1 T 44 Latin name

JKPEX I reservoir area

7% Wudongde

F#5 % Baihetan

B TE Xiluodu

1 W Xiangjiaba

B H
A HURL R
Je BB A
Je TR &
Ve HURR IR
B B4
4 H
ISR
i 165 J —
R AR
)i J — Foh
IR
1R U ) —
XHH
K B
7K i Jg —Fh
e R
W — Foh
IR}
ISR} —
R
R —Fh
PR WCR
PRI}
Z AR WUR —Fh
B bt IR —
LB 0 — Fi
PRI —Fh
TR — T
Kt A5 — o
FE LR —Fh
KA O A
i 58 P2 IR — T
K 8 i — Fef

A [ I —Fih

A AR
KA SO —

= SR U — i
BT [ BUm — b

LA W — Tl

Coleoptera
Carabidae sp.
Dytiscidae sp.
Dytiscidae sp.
Dryopidae sp.
Stenelmis sp.
Hemiptera
Aphelocheiridae
Aphelocheirus sp.
Corixidae

Sigara sp.

Gerridae

Gerridae sp.

Diptera

Ephydridae
Ephydra sp.
Chaoboridae
Chaoborus sp.
Culicidae

Culicidae sp.
Ceratopogonidae
Ceratopogonidae sp.
Chironomidae
Chironominae
Polypedilum sp.
Cryptochironomus sp.
Demicryptchironomus sp.
Chironomus sp.
Dicrotendipes sp.
Tanytarsus sp.
Chironomidae sp.
Tanypodinae
Procladius sp.
Tanypus sp.
Paramerina sp.
Orthocladiinae
Hydrobaenus sp.
Paratrichocladius sp.
Eukiefferiella sp.
Orthocladius sp.

4
+
+
+ +
4
+ +
+
4
+
+

TE: +RRE AR

Note: + indicates the taxon was present.



