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Fig. 1 Sampling sites set in the upper reaches of the Yangtze River section from Yibin to Jiangjin
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Tab.1 Functional characteristics of rare and endemic fish in the upper reaches of the
Yangtze River section from Yibin to Jiangjin

a2 ZHRETEAR eyl T REMR I A 3
functional category functional trait variable type functional trait type or range
BZIRE & body shape oyRAR G BIE . MmIE . 988t . BIFEIE . FRiE
locomotion function categorical variable pike, lateral flat, fusiform, cylindrical, flat
R /mm TR 72-1200
maximum length continuous variable
R % U2 N 13.5-47.2
body height/body length continuous variable
FEAR KK % HELEA 6.9-25.7
tail handle length/body length continuous variable
GEL NS U 12.4-47.7
dorsal fin length/body length  continuous variable
T B S5 242
feeding function trophic level continuous variable
ik SrPAE HEM. WEHE
feeding habit categorical variable omnivorous, carnivorous
BEDA oyRAR G S, b, ERAL, N
oral position categorical variable end position, sub-upper position, sub-lower position, lower position
WKk K /% B 26.9-62.5
snout length/head length continuous variable
R/ K% B 3.5-32.2
eye diameter/head length continuous variable
AR M1 #E /K 4K /% LT 14.1-50.0
eye spacing/head length continuous variable
Lyl FRENZE T Iy RALE BOVE . EERE DU, T DIZEERA
reproductive function egg type categorical variable sticky eggs, drifting eggs, sunken eggs, likes shellfish to lay eggs
WU M AT e PUREE N 1.4-9.1
age at first sexual maturity continuous variable
U A mm A b 52-800

length at first sexual maturity —continuous variable
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1.2.6 HIELIE (I Excel %R ERE HE1T IR
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PRIMER 6.0 ¥ TAXDTEST IhfigikfritH;
fEH R 4.1.0 B HY vegan . FD 2P A0 115 T 6E
Z FE W48 B, 18 A 15 7E 4 OF 15 (SRplot,
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J5i il (Procypris rabaudi) . & 17 4 fii (Coreius
guichenoti), K &) (Rhinogobio ventralis), Y
JII 1 ! £21(Onychostoma angustistomata) | 21 & 78 fifk
(Leptobotia rubrilabris) 1 4 # ## (Leptobotia
elongata), FhIS4H il ABERu 2k fpi i £, LA

BRE, 3R 6 FhRD 3 B BGERL AR RSk
fifift /b, $A 1FP, 2015 4R 2017 4F W 5|
MWERMFEA TR RZ, H 20 Fh, 5 EFP2EEL
68.97%; 2020 “Fge /b, AN 13 B, 556 (8 H4
ff1 . [R5 W) fifj (Rhinogobio cylindricus) . -V fifi |
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sauvagei) . & 1K T Z0 #f1 (Ancherythroculter
kurematsui) . % £ ik fit: (Gobi obotia abbreviata)% 9
e RAAE 5 FECEIRT 5 FER A TP A IR,
J& T WA

212 ExFEHR NEWHLE, KILLEFRER
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213 BEEMAMYE RIEZWMEA ORI
o R, T VLR B AN [
S ERA RS 45T Cluster R85>
Br, TREHRG R 4 AABEE 4): 411 (2007—
2008 4F) . 41 11 (2009—2018 4F) . £H 111 (2019 4F) .
IV (2020—2021 4F), 4 R Z B A7 AL
FH 69.38%. NMDS HEJF (] 4)5 Cluster R
GERFEAR—F, FEMRIMEKE R 70%0), ST
5 M 4 4 stress=0.09<0.1, FnHEFZE R,
HA PR L, One-way ANOSIM K5 7~ 4 /M40
HERRRA A ST T2 1 25 57 1 3(P<0. 05),
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K145 Acipenser dabryanus
2 Hemiculterella sauvagei
5K & Hemiculter tchangi
JE&it Megalobrama pellegrini
VU ) 1|4t Sinibrama taeniatus

BRI LT 81 Ancherythroculter kurematsui
PREEITLI#H Ancherythroculter nigrocauda
R F NP Bangana rendahli

HHE A [Bff) Platysmacheilus nudiventris ..
& D4 f Coreius guichenoti

[R5 Wyl Rhinogobio cylindricus

K AE Y Rhinogobio ventralis

B SAEUK Y Xenophysogobio nudicorpa .-
R AT Xenophysogobio boulengeri

41 By BikfE Gobiobotia abbreviata

&

] |
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HEE EER
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Wk JE % Acheilognathus omeiensis .-

AIR4HE Procypris rabaudi

U )1 A /i 48, Onychostoma angustistomata
rhAE 4 VMK Jinshaia sinensis

45 V8K Jinshaia abbreviata

KB Leptobotia elongata
SAKEIBK Paracobitis potanini

SUBERI YK Parabotia bimaculata .-
BRRE . Myxocyprinus asiaticus
M Liobagrus marginatoides

RIFAR]

| no investigated
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Fig. 2 List of rare and endemic fish in the upper reaches of the Yangtze River section from Yibin to Jiangjin

XoF AN [] Bf 30 0 22 A 2R 408 64T One-
way ANOSIM ;56 (5% 2), 45REH, KL EFE
TERILHRILE MR RA AR S5 TE & UL
— W TR K AT A& K G TG 3 M 22 5 (P>0.05);
P S E KA. ERKEHAREEZER
(P<0.05) & /KA R & 7K 5 HEV& S5 A 7 34 22 5 R
25.13, BT A (Ancherythroculter nigrocauda) .
7k [ £ (Hemiculter tchangi) . J54i fij (Megal obrama
pellegrini)® 10 Fh R TTERAK E, R TTHER
9 49.21%; F KT AAE ) S T S5 A 1 2 22
SR 36.94, LIS, KEk . KBS 10 Fh
AR THRR R R, RETTER 67.80%; #KE
AR W B R P S5 A0 () F- 4 22 7 R 36.09, KT
3 R 2T RS 10 i TR I, B

DTN 61.51%.
2.2 Fh S

4 2007—2021 4FKIT EIF RIS R ILHL
BEEM R M R BB B ot E T
ZREME T, 455 R, Shannon-Wiener $8 4 (H)
AL B 1.709~2.506, F-34{H 52 2.149+ 0.241;
Simpson 4 %% (D)2 fL i /& 0.729~0.906, “F-¥{H
& 0.843+0.054; Margalef $5%5%(d)Z2 1k U 2
1.719~3.147, SF-HI{EE 2.331+0.374; Pielou 15 %1(J)
AL R 0.647~0.867, FII{EZE 0.761+0.070
(K 5). st ZREMIREUEPR L R B, 4 D525
BEIARFEE WS, fEEKZH, d ([ER)E5E
b, Hofth 3 NEEOUN R EFHESE, HEEKZE,
H {65 D (¥ TG & T A2 ik
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Fig. 3 Ecological types of rare and endemic fish in the upper reaches of the Yangtze River section from Yibin to Jiangjin
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Fig. 4 Cluster and NMDS ordination map of rare and endemic fish communities in the
upper reaches of the Yangtze River section from Yibin to Jiangjin
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Tab. 2 Differencein the community structure and corresponding contribution rate of rare and endemic fishes
between different periodsin the upper reaches of the Yangtze River section from Yibin to Jiangjin

0 TR EH TR SR, BT
. . P . . . contribution cumulative
period average difference major contributing species rate contribution rate
ZOKET vs BKE 25.13 0.126 BEFZIffi Ancherythroculter nigrocauda 6.09 6.09
before the K[ Hemiculter tchangi 5.67 11.75
impoundment VS after
the impoundment JE45i#5 Megal obrama pellegrini 4.90 16.65
ik 4 YbEik Jinshaia sinensis 4.77 21.42
W% Liobagrus marginatoides 4.76 26.18
K167 Acipenser dabryanus 4.74 30.92
HE B ff Platysmacheilus nudiventris 4.69 35.61
£1 )R M1 Leptobotia rubrilabris 4.63 40.24
Mg 1 Myxocyprinus asiaticus 4.56 44.80
/IR H 45k Leptobotia microphthalma 4.41 4921
HAlb others - 50.79
FEIKHT vs 2 a4 1) 36.94 0.036  £IJEiiffk Leptobotia rubrilabris 11.47 11.47
before the K344 Leptobotia elongata 9.18 20.65
impoundment VS the
initial stage of fishing K16 Acipenser dabryanus 9.16 29.81
closed BT 2161 Ancherythroculter nigrocauda 7.62 37.43
K& W)fir) Rhinogobio ventralis 6.22 43.65
JELAF 45 Megal obrama pellegrini 5.75 49.40
5k & Hemiculter tchangi 5.72 55.11
ST Xenophysogobio boulengeri 4.44 59.55
RIA S L6 % Xenophysogobio nudicorpa 4.28 63.83
4R s Coreius guichenoti 3.97 67.80
HAty others - 32.20
ZIKJE vs 2t 36.09 0.028 K JI.fF Acipenser dabryanus 11.31 11.31
gtf}:;};fliit?;f‘s’;gn;efm | Hififk Leptobotia elongata 9.09 20.40
fishing closed £1J% 6 Leptobotia rubrilabris 8.41 28.81
JEi5ifl Megal obrama pellegrini 5.68 34.49
S emffkfE Xenophysogobio boulengeri 5.53 40.02
7K [G#& Hemiculter tchangi 4.66 44.69
WA S 44 fi. Xenophysogobio nudicorpa 4.65 49.34
/IR i Leptobotia microphthalma 4.1 53.43
MENTLZI41 Ancherythroculter nigrocauda 4.07 57.51
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Abstract: The upper reaches of the Yangtze River section from Yibin to Jiangjin are located in the upper reaches

of the Yangtze River Rare and Endemic Fish National Nature Reserve (hereinafter referred to as “the Reserve”),
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which is a key protection area for rare and endemic fishes in China. With the successive development of
hydropower stations at the lower reaches of the Jinsha River and the implementation of the “10-year fishing ban”
policy, the structure and diversity of rare and endemic fish communities in this section of the river are expected to
change. Therefore, conducting a comprehensive survey and assessment of rare and endemic fishes in this section
of the river is necessary. In this study, we analyzed the inter-annual changes in the community structure of rare and
endemic fishes in this section of the river based on the fish resources survey data from 2007 to 2021. We evaluated
the diversity of rare and endemic fishes in this section of the river at different periods (before impoundment in Jinsha
River Phase I, after impoundment, and early after the fishing ban) using eight indices in three dimensions: species
diversity, taxonomic diversity, and functional diversity. The results showed that 29 species of rare and endemic fish
belonging to three orders, six families, and 23 genera were identified during the 15 consecutive years of monitoring.
Regarding ecological types, the rare and endemic fishes in this section of the river were mainly omnivorous or
carnivorous fishes inhabiting the bottom, laying drifting eggs, and preferring flowing water habitats. Cluster analysis
and non-metric multidimensional scale analysis (NMDS) showed that the rare and endemic fish communities for the
different years could be divided into four groups with stress=0.09<0.1 when the similarity level was 70%, and the
ranking result was good.

The One-way ANOSIM test showed no significant difference in the community composition of rare and endemic
fishes between the before- and after-impoundment periods, whereas significant differences were observed in
community composition between the early fishing ban period and the before- and the after-impoundment periods
(P<0.05). The results of species diversity analysis showed that the Shannon-Wiener, Simpson, Margalef, and Pielou
indices had different interannual trends, with ranges of 1.709-2.506, 0.729—0.906, 1.719-3.147, and 0.647-0.867,
respectively. The mean taxonomic difference index (A+) and categorical difference variance index (A+) both showed
that the early fishing ban > before the impoundment > after the impoundment. Functional diversity in different
dimensions, such as motor, reproduction and feeding, showed some differences in different periods, with locomotion
functional richness being higher at the early fishing ban, feeding function richness being higher after impoundment,
and reproduction function richness being higher before impoundment. The uniformity of locomotion functional
richness was significantly higher during the early fishing ban than that before and after impoundment. No significant
difference was observed in the uniformity of feeding and reproduction functions in different periods. The dispersion
of the functions was significantly higher at the beginning of the fishing ban than that before and after impoundment.
Dispersion was significantly higher during the early fishing ban than before and after the impoundment. The results
showed that the community structure and diversity of rare and endemic fish in the upper reaches of the Yangtze
River are evidently affected by environmental factors such as hydropower development and fishing ban policy,
and the relationship between diversity indices in different dimensions is complex, reflecting the adaptation and
adjustment of fish communities under the changes of ecological environment. This study reveals the dynamic
evolution law of the diversity of rare and endemic fish, which provides a powerful scientific basis for protecting
and restoring the diversity of rare and endemic fish in this section and promotes the healthy and sustainable
development of the Yangtze River ecosystem.

Key words: upper reach of the Yangtze River; rare and endemic fish; community structure; species diversity;
taxonomic diversity; functional diversity
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