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Fig. 1 Twenty-four survey sites and the 4 fish groups in the Poyang Lake Basin
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Red % 44kl .

18I % A W 4 20 B (Polymerase Chain Reac-
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X T8 5 A RE SR I R 5 A B TR E 51
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tional Center for Biotechnology Information, NCBI)
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P18 241 94°C TiAE 1 Smin, 94°CAE1E30s, 53°C
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Tab. 1 Primers used for PCR amplification and sequencing

5| ¥)Primers J¥%Sequences (5'—3") ;%i §r§1§£
L14724 GACTTGAAAAACCACCGTTG Xiao%
H15915 CTCCGATCTCCGGATTACAAGAC Xiao%%
Ldgy ATTCTTGCTCGGACTCTAACC this study
Hdqy TATGCCTCCAATTCATGTCAGA this study
Lzlw  AAGCAACTGACCGACTTCC this study
Hzlw  GGTGTTCTACTGGCATTCCT this study
Lzhhcq ACCACCACCAAACCCAGAG this study
Hzhheq GGAATGTCAGGCTTCGTTGT this study
Lbwg CAGACACTAAGGCTACACCAAT this study
Hbwg GGAATGTGAGGCTTCGTTGT this study
Lxhy AGAAGGGTTTGAAGCCACTG this study
Hxhy TCTACTGGTATGCCTCCAATTC this study
Letpp  AATTCTTGCTCGGACTCTAACC this study
Hgtpp GGTATGCCTCCAATTCATGTCA this study
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Tab. 2 Relative biomass of the abundant fish species and their
contribution to the average similarity of the Poyang Lake

FRRR R STERE B TTIERE
Yy FhSpecies Relative  Contribution ~Cumulative
biomass (%) (%) contribution (%)

B8

Pseudobrama 13.1 18.1 18.1
simoni

4 Hemiculter

leucisculus 5.7 73 254
#l Carassius

auratus 3.7 6.9 323
U ME ] Culter

alburnus 44 6.7 39.0
NRE

Hemiculter 3.7 53 44.3
bleckeri

B

Pelteobagrus 4.1 5.1 49.4
fulvidraco

FH A% Coilia

brachygnathus 6.8 4.4 >38
i Cyprinus

carpio 2.3 4.1 57.9
PN

Acheilognathus 3.1 3.9 61.8
macropterus

g & Saurogobio

dabryi 4.1 3.9 65.7
2148 JR 40 Culter

erythropterus 2.9 3.3 69.0
i B Culter

mongolicus 2.6 2.9 71.9
mongolicus

it Silurus asotus 2.7 2.7 74.6
g itk

Pseudorasbora 32 2.2 76.8
parva

% Parabramis

pekinensis 1.6 2.0 78.8

TR, G5 R BIR, TR 1. 200K L4 fa 2
T PN LB FEBH I X B 58K 268, 18
WX KRB, A 3R IR A R FE 5. (s3+ s9OA
s17). T BIKFE S AE0.6 /) K B2 A3 2B
(E 1), 3 H5% @ f2s (a4 B xR, B L4l dr 42
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R 488 42 Foft 7 25 2EL 75 v 1 0 A 7 0 42 1) 9808 B 9
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BHASIR,. XFEERZH TSR TRAET
ZASH, FTUIFEE .

Xof P e AN [R] ZH 1 R A 2R ol 1) 2 R R B, AX
HILLE W X IR 45Fh, 2 BLE — ey T 5
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fif) . AL AL S A 1 A X B R 2 R KT T
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L KA/ . REE D MR, TLPEER . /R
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Tab. 3 Relative biomass of the abundant fish species and their
contribution to the average similarity of the Xiushui River

) H o7 k%
SECTDTESUIE S S A
) FSpecies Relative Contribution oo
. o o contribution
biomass (%) (%) o
(%)
il Carassius
auraius 8.1 16.8 16.8
AT 14
Opsariichthys 6.8 13.8 30.6
acutipinnis
B
Pelteobagrus 5.0 12.8 43.4
fulvidraco
R Rhodeus
ocellatus 13.4 9.9 53.3
o
Opsariichthys 4.2 8.4 61.7
bidens
Bl Pseudogobio
vaillanti 33 6.1 67.8
i
Pseudorasbora 3.7 4.9 72.7
parva
R
Rhinogobius 53 4.8 71.5
giurinus
#R4f Squalidus
argentatus 6.1 4.0 81.5
16t Hemibarbus
maculaius 3.0 3.1 84.6
FEAt i Abbottina
rivularis 1.7 23 86.9
HIEH
Acrossocheilus 1.2 2.2 89.1
fasciatus
SR S22 1
Vanmanenia 1.5 2.1 91.2
pingchowensis
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
'&%S%ESG‘Q%S:SE%QQE%?Q&N%R
TR R [Eapagiid (3

7
2 TR BN DXt SRR AT R IR
Fig. 2 Hierarchical clustering of fish assemblages in the Poyang
Lake Basin
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Fig. 3 Venn diagram of species distribution of fish assemblages
in the Poyang Lake Basin
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At o AN SO 260 B 980 A A £ g e 2, 1) 1V
WP . A BLAE BT R H 4 SR,
fifiJ@ A ERNL . WP, A S k) F1 5L 6 B
EATHE i 5] TR, AR SR . IXFE
R 22 7 s I 2608 B 9 A ] DX 38 55 AT A B AR
BRI SCIRAS I A TR L o

2.3 EFHB&EXMMARGLBLEN

X 2RI B 98 1X 421 061> F SR A A R T 2R 5 il
55 B (Polymerase Chain Reaction, PCR)XJCyt
bHE TR Py Bk AT 4G, I ] 51 L 14724 M0
H15915", 7T 78 393 Fir i 2 ({1 Cyt HIEH F BE, % F
8 FH @ H 51 AN B S 10 134N i, 9 BAT R0
SIVIHEAT 1, 4 F 36 B [ AR HORAE B
[»(National Center for Biotechnology Information,
NCBI) F #1x)Fhcyt bR BUF A 4).

X106 W Ryt b 51 HEFF I € 715 1
B, £331900 bpt K F By, LLIE B Latimeria
chalumnae (Accession ID: U82228.1) NAhEEE, PLAR
#2715 (Neighbor-joining) 4 2221 000X Bootstrap s J6:
ARG BEWE 4).

24 FEIZERERGLXBREEWTHN

RESRE  EXRFEARET, 28 7244
KFE R E R RS MBI (GR 5). 45K, 12
KB RUREZ L, NRI>OFRFE A 121 (524 83,
s4. s6. s8. sl10. s13. sl4. sl15. s16. s19Fs22),
FoA 1A SRBE RL(s22)fE S B K b, AR T4 KAE
s AL T X, TSR R R A L A1) I
REE I e EH o NRISORIRAE A 124 (sl s5.

s7+ 9. sll. s12. s17. s18. s20. s21. s23F1s24),
HA8AKAE (sl 85+ s7+ 89+ sll. s12. s17A0
sIBYN. T IAIX, 4 KAE fi(s20. s21. s23F1s24)7E
SCRAEK L, X EERAE m I REVE A BB ) R I A 52
(D

XERE K@l X o 38, n b
SCHAEKHESETHAANFERE, 20 M B SRR TR R A i AL
il SR PR — 2 R A 1] RURE, 4 280 B i ] XA
N DMK, 5 SCRB K REREAT XS He 7 Hr, SR FTAE
T DX R SRR RURE S B R A LA (G 6)

FE DT 7 B RUEE b, 6T HE . ZRERHE A fBoK
B R G R RIBEUNRD<0, R THVERAERE R
R, FEVR I G i ) B, R TR A4 BRATL 1) 2 I 5
FefER] . BT REE SR G R RIREU(NRD>0, 80
RSB REE, TEE L S 1, HE 7% A4
DIRAESSWSEZS PR A (IR

BE— B RS A R, AR X R SRR R
JE ., I X AN S 23 AR D9 o3 B e, BB
X SR 4%k RIRH(NRD<0, B E RGER B KR
I, AR VR I G P L) B, AR TR A R L 1 R I N 52
FAER o SCRAB/KE R G RABEU(NR>0, K
HETR RGUR B R, B hiL YRR R, HETE
FATLA R I A B A

R4 BRS04 eyt bEE R M GenBank TEF
E:0Ey e

Tab. 4 Species with the cyt b gene sequences amplified with special
primers or downloaded from the GenBank

5| VI R 28 3% 5 *Primers or

, .
YR¥Species Accession ID*

e - A

;S,F*EW 1Acheilognathus Ldqy & Hday

i . .

f)ﬁ%ﬂi SEMP2A4cheilognathus Ldqy & Hday

KtgliAcheilognathus

macropterus Ldqy & Hdqy

% ISV 5 5% Rhinogobius

cliffordpopei Lzlw & Hzlw

F BRI & Rhinogobius

giurinus Lzlw & Hzlw

H A8 Sinobdella sinensis Lzhhcq & Hzhheq

KIRFSiniperca knerii Lbwg & Hbwg

/IN¥E ) fi Micropercops

swinhonis Lxhy & Hxhy

R Rhodeus ocellatus Lgtpp & Hgtpp

5 8 Monopterus albus AP002945.1

IR 583kt Garra orientalis NC_021935.1

T )11 ¥b Yk % Odontobutis

otamophila KF305680.1

K0 | JE ) Platysmacheilus

longibarbatus KU314692.1

E A BIMFAIEE R 1

Note: *The primer sequence information is shown in Tab. 1
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%, A60F. SR L IFRIRHMI AR EE DT H
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TEA X B 43 KA B8 64 L KW Fh (A B HE 24
% J& A 8 Fl), AHEL T B/ L RO S FH vl £ 2 B
WA, VIR EE A T B 1956—19634F, idkfa
F108F11): 1982-—19904F, itttk 105F Y,
1997—2000, itk 101 R (EARR: T 440
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Fig. 4 Phylogeny of fish assemblages in the Poyang Lake Basin
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Tab. 5 Net relatedness index (NVRI) of fish assemblages of the 24 survey sites from the Poyang Lake Basin
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Tab. 6 Net relatedness index (NRI) with different spatial scales of
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FISH PHYLOGENETIC COMMUNITY STRUCTURE IN THE POYANG LAKE
AND ITS TRIBUTARY THE XIUSHUI RIVER IN SUMMER

ZHANG Xu"’, YANG Ting-Yue”’, LUO Xiao-Hong', YUAN Chun-Ying' and LIU Huan-Zhang’

(1. College of Marine and Environmental Sciences, Tianjin University of Science & Technology, Tianjin 300457, China; 2. The Key
Laboratory of Aquatic Biodiversity and Conservation, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072,
China; 3. University of Chinese Academy of Sciences, Beijing 100049, China; 4. Jing 'an County Agriculture and Rural
Bureau of Jiangxi Province, Yichun 330600, China)

Abstract: Community assembly mechanisms and species coexistence have long been central in ecological studies. Up
to now, 3 mechanisms of community assembly have been proposed: neutral assembly, competitive exclusion and habi-
tat filtering. Neutral mechanism emphasizes that all species in a community are equivalent ecologically, and the species
composition in communities are determined by their random processes and dispersal limitation. Competition exclusion
holds that species with similar or overlapping niches cannot coexist stably for a long time, because strong interactions
among species would result in niche differentiation, leading to the species constituting a community showing character
differentiation. Habitat filtering holds that the local environmental conditions are usually very special, which make only
the species adapted to the environment can exist. In recent years, the analysis of phylogenetic community structure
provides a new and useful method for exploring mechanisms of community assembly. The Poyang Lake is the largest
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freshwater lake in China, and one of the 3 only lakes which still have natural connection to main stream of the Yangtze
River. Therefore, investigation of fish community assembly mechanisms in the Poyang Lake is of great significance to
understanding origin and maintenance of the biodiversity in the Yangtze River basin. In the present study, we selected
24 sites to collect fish samples in Poyang Lake and its tributary, the Xiushui River, between July and September 2018.
Fishes were collected by various methods, including fishing and market survey. Specimens were fixed in 10% formalin
and transferred to 75% ethanol for final preservation. All specimens were identified to species by morphological and
molecular systematic characters. Cluster analysis was carried out to explore community structure according to the pre-
sence-absence data of fish species in each sampling site. Combining the results of cluster analysis and fish spatial distri-
bution for each sampling site, the fish communities in Poyang Lake were classified to identify subgroups. Genomic
DNA was extracted from muscle samples using the high salt method. Universal primers L14724/H15915 and some spe-
cific primers were used to amplify and sequence cyt b gene through polymerase chain reaction. According to the 900 bp
segment corresponding to the cyt b gene, the genetic distance among species was calculated by MEGA X. Phylogene-
tic community structures of fish species in different sampling sites and regions were analyzed based on the genetic dis-
tance and presence-absence data of fish species in each sampling site by the package picante in R, to explore the fish
community assembly mechanism at different spatial scales. A total of 106 species were collected during the study pe-
riod, which belonged to 8 orders, 15 families and 60 genera. Among them, Clupeiformes comprised 2 species; Cyprini-
formes 72 species; Siluriformes 18 species; Beloniformes 1 species; Synbranchiformes 2 species; Gobiiformes 4 spe-
cies; Anabantiformes 2 species; Perciformes 2 species. Among the 60 species, Cyprinidae is the main group, account-
ing for 56.6% of the total species. These species showed the compositional characteristics of river-lake fish fauna of
East Asian region. A total of 86 fish species were collected in the lake area, which showed a decrease in species rich-
ness compared with several surveys of fish resources in the Poyang Lake in the past 60 years. However, compared with
the 72 species recorded in the survey in 2010, the species richness of fish in the Poyang Lake was increasing. Accord-
ing to the species composition and spatial distribution, the fish communities of the Poyang Lake Basin can be divided
into the Poyang group and the Xiushui group. The fish communities of the Poyang group can be further divided into
three sub-groups: the Northern group, the Southern group and the Eastern group. In the analysis of phylogenetic com-
munity structure, the fish communities of 12 survey sites were driven by habitat filtering at the local scale, where the
sampling sites were close to the tributary estuary and with special environmental conditions; while the fish communi-
ties in the other 12 sites were driven by competition, because they contained more far-related species. At the regional
scale, the fish communities of the Northern group, the Eastern group and the Xiushui group were structured by competi-
tive exclusion, while fish communities of the Southern group were structured by environmental filtering. At the scale
between lake and tributary, the fish communities of the Poyang Lake group were structured by competitive exclusion,
while fish communities of the Xiushui group structured by environment filtering. In the present study, species composi-
tion and community assembly mechanisms of the fish communities of the Northern group, the Southern group, the Eas-
tern group and the Xiushui group were different, indicating that the fish communities in different regions of the Poyang
Lake were affected by different factors. In overall, the different assembly mechanisms of fish communities revealed by
the present study showed that community species composition was shaped by both environmental factors and spatial
scale. We believe that our results will be useful for understanding of community assembly mechanisms and may
provide a theoretical basis for fish conservation in the Poyang Lake Basin.

Key words: Community assembly mechanism; Competitive exclusion; Habitat filtering; the Poyang Lake Basin
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