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ABSTRACT

Aims: We used eDNA metabarcoding to detect fish diversity in three river systems of Beijing during summer and
autumn. The aim of this study is to explore new methods applicable to monitor and protect fish diversity and study the
spatio-temporal patterns of fish community in Beijing.

Methods: A total of 34 sites were surveyed simultaneously using the eDNA metabarcoding and ground cage methods.
The main processes of the eDNA method are water sample collection and enrichment, DNA extraction with DNeasy
Tissue and Blood DNA, PCR amplification with prism of MiFish-U, high-throughput sequencing by Illumina Miseq
and bioinformatics analysis. The data of eDNA metabarcoding, environmental factors and human activity were used for
statistical analysis between fish communities and influencing factors. The main processes of the ground cage with three
replications were placed at each site waiting 24 h to be collected for species identification, and the species with number
were recorded for subsequent analysis.

Results: The result showed that 55 fish species were detected by eDNA metabarcoding was higher than
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that captured by the ground cage (35 species). The fish community composition was dominated by Cypriniformes
and Perciformes. The diversity of clearwater fish in mountain rivers is significantly higher than urban rivers. Urban
rivers (the Beiyun River System) were dominated by pollution-tolerant species such as Carassius auratus,
Pseudorasbora parva and Misgurnus anguillicaudatus, with a relatively homogeneous community structure.
Mountain rivers (Chaobai River System and Daqing River System) are dominated by Zacco platypus, Rhynchocypris
lagowskii and Opsariichthys uncirostris. The community structure of clearwater fish was affected by
electrical conductivity and total dissolved solids in summer but by altitude and temperature in autumn.
The correlation between the abundance of clearwater fish with environmental factors and human activities showed
that the abundance of clearwater fish decreased significantly with the increase by turbidity of water and human
activities, and was significant correlation with altitude and temperature.

Conclusion: The study used eDNA metabarcoding to show the diversity and spatio-temporal patterns of major rivers in
Beijing, with a focus on the distribution of clearwater fish. The results demonstrate the feasibility of eDNA

metabarcoding for monitoring fish diversity and spatial-temporal distribution in Beijing.
Key words: eDNA metabarcoding; fish community; clearwater fish; biodiversity; river
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Fig. 1 Distribution map of sampling sites of major rivers in
Beijing
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PCRE (200 pL) fc il [7] 55 — 25 A A 1) Je B4k &R
TEAE LR N 26 95°C P8 4 3min, S/MIEHELHE:
94°CAF 120 s, 55°CiB K20 s, 72°CIEMH30 s, 72°CHx
JE SE#S min.

XT PCR 7™ ) 1 47 3C FE ¥4 &, 8 A Illumina
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Shapt .~
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HERL
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AEHRL
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WyEHEEL
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s
Percichthyidae, 1, 1.82%

KR
Centrarchidae, 1, 1.82%
IR Rl Gobiidae, 3, 5.45% '
248 F} Nemacheilidae, 3, 5.43% l

5 R} Osmeridae, 1, 1.82%

AL Cobit{dae, 5,9.09%

[E2  eDNA metabarcodingiR 3l & 28 %7 B Ff} o K52k F _ER9EE R AR S EE

Fig. 2 Number and proportion of fish species identified by eDNA metabarcoding at the taxonomic level of order and family
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Fig. 3 Distribution of fish communities in the three river systems during the autumn and summer. Red dots represent Beiyun River
System; Green dots represent Chaobai River System; Blue dots represent Daqing River System.
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(Misgurnus anguillicaudatus). i Ll X Ja] 7 (1 34
fu & T 4 % (Sarcochellichthys sinensis) . b fif
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BORB EE K .
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AR 2 B tH 10FPE K f, HLAE R
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% o B O BRI K R A F K R,
111 2 R 2 B A A A AT K &R

®1 IFKRRBABEEMBMONBEER

Table 1 Dominance index of dominant species in three river systems

SRR RIS /K 0, AERBEAS s A5 R 3] 1) £
K HVEANA o i AT 0, v tESEAN B FC s 1) 7 1
FE R A 5, W T K R ARIE T K R E K AT 5
FREHZ, HALICB2. CB6. CBSFIDQ3H: il 3t
K FR R RN . 35K RINE K haZ etk
RFEMERIG T AE H(K)5), bzl /K RAGE K fF
B E R ECT W AW EN K R, KA 2R
Fe BB A B35, Shannonds ZU A1 Simpson¥s £ #147
XS, ARAEE.
24 JFKBEZHEMFIMER

K SRR H B SR R s, BAEA
A 2= I E B AR Rl B s2id % 1 AR

JtiZi/K & Beiyun River System

W E /K R Chaobai River System

Ki&E/K & Daging River System

)Ff Species B EEFEE PFh Species B EFaE PP Species R e
Dominance Dominance Dominance
index (Y) index (Y) index (Y)

fifl Carassius auratus 0.5175 fifl Carassius auratus 0.2556 i fiEfE Zacco platypus 0.1517
Ffdita Pseudorasbora parva 0.0888 ggfﬁi;d:?hynchocypns 0.1031 fifl Carassius auratus 0.1475
/NiEE 1 Micropercops swinhonis 0.0453 Tl Zacco platypus 0.0807 Hi [Kfi% Rhynchocypris lagowskii - 0.0968
Yefft Misgurnus anguillicaudatus  0.0448 fit; Slurus asotus 0.0474 /N B8 Micropercops swinhonis0.0540
e T BE Wi i i .. . .
#A5 Rhodeus ocellatus 0.0345 ;ﬁﬁfﬁﬁﬁ RITEEEENE ey T[4 Opsariichthys uncirostris 0.0408
# Hemiculter leucisculus 0.0205 it Pseudorasboraparva  0.0242 44 Sarcocheilichthys sinensis ~ 0.0406
_ - _ _ Tl

Rhinogobius brunneus 0.0400

4 : !

_ _ _ _ ? [@?%.»ﬁxﬁﬁ Rhinogobius 0.0376

giurinus
- - - - fifi Silurus asotus 0.0340
- - - - b8 Lefua costata 0.0241
- - - - fil Cyprinus carpio 0.0233
FR2 FKBEIFKABEN A SBIER
Table 2 Number of detected site of clearwater fish in each river system
WFh Species £ 5% Number of detected site

JLiEIK & 1 ETK & KIH 7K 2 Bt
Beiyun River System Chaobai River System Dagqing River System Total

db 77 it Barbatula nuda 1 1 0 2
4E4i% Sarcocheilichthys sinensis 4 5 4 13
5 E1 Xenocypris davidi 6 11 4 21
i & fi Zacco platypus 7 9 6 22
Hi Ffizi Rnynchocypris lagowskii 9 9 6 24
141 Opsariichthys uncirostris 10 9 5 24
Jt## Lefua costata 0 0 2 2
5 L R Triplophysa dalaica 0 3 2 5
i Siniperca chuatsi 6 5 4 15
Wik EE Brachymystax lenok 1 3 0 4
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Fig. 4 Sequence abundance of clearwater fish across 34 sampling sites
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Fig. 5 o diversity of clearwater fish in three river systems of Beijing. * indicates P < 0.05, ns indicates P> 0.05,
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FUII BT IE SR A 5E R 1504 - RDA ST (16) 2 B I
2ANRDARN G Al e Fe 1 H 2= AR R 0 SR K S5 ) 22
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Fig. 6 RDA exploring the relationship between community structure and measured environmental variables. DO, Dissolved
oxygen; TDS, Total dissolved solids; T, Temperature; H, Height; EC, Electrical conductivity. Yellow dots represent Beiyun River
System; Green dots represent Chaobai River System; Blue dots represent Daqing River System.

20224F |30%: |73 22240 | H8TT



VMRS 3T eDNA metabarcoding## 57 b 5 7 3= B A0 2800 A Bz i[RI R

(@) (®
H s H
6- R=0.53, P=0.0012 4 -R=-03,P=0.08
4- e | . 3 _/
- LY . 2 —e @ oo oo
-, I-==
O-cme . . 0- = | . :
0 200 400 600 0 200 400 600
T s T
6-R=-023,P=0.19 4 _R=-037,P0.031
2-\“\.... )
0- |..' .' .I 1 ] .:H T 1 1 == | 1
10 15 20 25 15 20 25 30 35

7.5 - TDS
5.0 -B=0.35, P=0.045

25 _‘él.\\
0.0 [ . " .

s TDS
4-R=-043,P=001

3- .o
2_\-\
1-o o oo

]
§ —2.5- ' ' 1 0- [ 1 1 1
2 500 1000 1500 200 40 600 800
s}
o NL 5- NL
_m 6—.R.=—0.4,P=0.021 . 4 - R=—0.31,P=0.071 .
Mo 3 - ga—
.H-}- -.o = ’ .. . 2 —.\
& 2_\ 1 _0 o o . . .
§ oo RN U S OP () | e et e
50 100 150 50 100 150
pH 5 pH
- R=-0.12,P5049 1_R=0.02§, P~ 0.088
4- i - 3- e o oo
- 2-—mme e = ..
2- = e s
0- i oo 0-e I .
8 75 80 85 9.0 95
DO 5. DO
6- R=-0.046,P50.8 4 -R=0Q.0044, P=0.98
4 - ° L 3- . . .
L) 2-T ¢ . ee=
25 - 1-. . .
O' . e o , 1 ® 0_ e , o 1
50 7.5 100 125 5 10
EC 5. EC
50-R= ;0.45, P=0.0075 4-R=-031,P=0.078 X
25—t 3—\;'\
0,0 1N e .
1- I ce o .
2.5 I [l 1 0_| 1 (s C—C
500 1000 1500 200 400 600 800
E7 BFKEBFEESHERTFRIALEHMEXME. H:

3§4R; pH: BAMRE; T: J2;DO: BHEE; TDS: BiAHEE
1&; EC: BBSER; NL: &EIKTH; a: #Z;b: BES,

Fig. 7

Correlation of clearwater fish abundance with

environmental factors and lighting indices. H, Height; pH,
Potential of hydrogen; T, Temperature; DO, Dissolved oxygen;
TDS, Total dissolved solids; EC, Electrical conductivity; NL,
Night light; a, Autumn; b, Summer.
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Appendix 1  Checklist of fish in major rivers in Beijing

Wy eDNA 755 Y W ik
Species eDNA metabarcoding Ground cage Remarks

3% H Acipenseriformes
i3 %} Acipenseridae
LS Acipenser dabryanus 3 0 EPNE
%l 1 H Beloniformes
FH Al Adrianichthyidae
Hi Oryzias sinensis 19 0
#7% H Cypriniformes
#%} Cyprinidae

et Abbottina rivularis 28 17
Zififi Acheilognathus barbatus 15 0
KEERTH Acheilognathus macropterus 0 1
fifltt Carassius auratus 34 23
Bt Ctenopharyngodon idella 17 1
FUMER Culter alburnus 2 3
ZLEERY Cultrichthys erythropterus 22 5
0 Cyprinus carpio 30 6
RG] Gnathopogon strigatus 10 0
#EE Gymnocypris Przewalskii 0 1
1cfy Hemibarbus labeo 2 0
#11 Hemiculter leucisculus 27 16
fit Hypophthalmichthys molitrix 4 1
fifi 4. Hypophthalmichthys nobilis 19 0
B3kt Megalobrama amblycephala 4 0 I
/NEESJ&  Microphysogobio sp 4 0
L, 44 Opsariichthys uncirostris 24 6
Z R Pseudorasbora parva 31 29
RIS Rhodeus ocellatus 28 15
Hh ARG Rhodeus lighti 0 6
B K% Rhynchocypris lagowskii 24 10
PAEERR Sarcocheilichthys nigripinnis 0 6
184 Sarcocheilichthys sinensis 13 0
ekl Saurogobio dabryi 2 1
NMYUARE Squalidus chankaensis 21 5
MBURK Squalidus wolterstorffi 0 1
B Xenocypris davidi 21 1
TBERS Zacco platypus 22 5
ifkF} Cobitidae 0

0
AL 75208 Barbatula nuda 2
ff)&® Cobitis sp 9 0
HAELE ARk Cobitis sinensis 0
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Vel Misgurnus anguillicaudatus 26 19
LT Ve Misgurnus bipartitus 26 3
KEERNVEEH, Paramisgurnus dabryanus 19 8 PN
4%} Nemacheilidae
Jtif Lefua costata 2 0
R R, Triplophysa cuneicephala 3 0 FE A
RS RE Triplophysa dalaica 5 0
)% H Perciformes
3} 7%} Belontiidae
54 & 2} f8 Macropodus chinensis 14 9
KB EL Centrarchidae
KO ESFE Micropterus salmoides 6 0 R IK
fi#%} Channidae
5 4# Channa argus 18 3
flZfe®t Gobiidae
TR Rhinogobius brunneus 26 0
W IRV . Rhinogobius cliffordpopei 7 3
TR M Rhinogobius giurinus 30 0
Hlfa%} Gasterosteidae
rh4E22 Jil 5. Pungitius sinensis 0 1
I UEEEFL Odontobutidae
INEEE Micropercops swinhonis 27 16
TS YEEE  Odontobutis potamophila 9 7 5| NF
HA5F} Percichthyidae
% Siniperca chuatsi 15 0
Hi6 B} Pholidae
=i Pholis nebulosa 2 0 R K
#ifl N H Osmeriformes
BN A% Osmeridae
HWH A Hypomesus olidus 4 0 CIPN:
72 H Salmoniformes
fi£%} Salmonidae
Ykt Brachymystax lenok 4 0
W% Oncorhynchus mykiss 7 PN

fif; 7% B Siluriformes
%} Bagridae

HEH Tachysurus fulvidraco 22 4

555 B it Tachysurus ussuriensis 11 0
HF#EEL Clariidae

HHTHS Clarias gariepinus 2 0
fim#} Ictaluridae

PER XM Ictalurus punctatus 7 0

fifi Bl Siluridae
fif 8. Silurus asotus 28 6
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2 Silurus lanzhouensis 3 0
48 H Synbranchiformes
FlEHFH Mastacembelidae
FRAE i Sinobdella sinensis 5 0
4 8%} Synbranchidae
% Monopterus albus 3 0

F BFAR 34 SR h RIS R A
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Appendix 2 Measurement of environmental factors of this study

FER Kk 2 Summer ZE Autumn
Ses HeldM meg | W RER wE R
(m) EOE A [E{k Total % Electrical ff ¥ =) E{k Total % Electrical

Pote Temperat Dissolved Dissolved conductivity pote Temperat Dissolved Dissolved conductivity

ntial ure (°C) Oxygen Solids (us/cm) ntial ure (°C) Oxygen Solids (us/cm)

of (mg/L) (mg/L) of (ma/L) (mg/L)

hydr hydr

ogen ogen
BY1 25 7.48 26 3.37 591 930 8.99 24.45 10.81 341 682
BY2 23 8.15 24.97 6.13 566 782 8.95 12.33 10.23 399 799
BY3 12 8.24 2584 2.1 546 807 7.75 21.69 3.34 392 783
BY4 17 8.27 238 6.49 644 769 8.85 13.35 10.48 432 863
BY5 12 8.54 229 5.13 546 1093 8.95 24.35 10.15 553 1105
BY®6 13 8.35 27.87 3.04 807 790 8.73 10.85 8.66 475 950
BY7 25 8.86 23.84 6.78 780 1035 7.32 24.78 4.88 1486 1493
BY8 1 8.49 27.28 3.81 893 874 8.73 10.24 11.22 418 835
BY9 31 7.88 23.93 1.01 889 745 9.18 20.04 3.66 312 623
BY10 19 8.31 255 5.38 500 780 7.86 23.75 5.84 373 745
BY1l 42 9.24 26 13.19 455 691 7.63 22.14 4.45 790 747
BY12 47 8 22.35 5.2 181 266 8.16 18.4 9.33 383.5 4385
BY13 10 8.65 24.76 10.72 540 847 8.46 19.73 9.28 339 678
BY14 48 89 252 5.6 730 665 8.34 245 7.36 1151 754
BY15 17 8.31 25.99 3.23 653 1057 8.69 16.04 9.33 693 1386
CB1 590 8.96 25.2 8.4 271 419 8.58 20.7 10.1 431 395.5
CcB2 491 8.14 2538 7.74 294 464 8.19 17 9.21 475.4 402.7
CB3 391 8.53 22.23 3.03 343 475 8.13 9.45 8.42 300 600
CB4 347 85 21.65 2.62 243 458 8.69 7.29 8.53 261 521
CB5 302 8.43 174 10.01 276 391.3 8.22 16.4 9.4 456 381.6
CB6 198 8.67 24.6 4.97 281 428 8.37 18.09 8.4 237 476
cB7 141 8.42 189 12.1 292 396.9 8.81 10.71 7 222 444
CcB8 66 9.41 24.58 3.89 265 122 8.00 11.71 7.86 214 427
CB9 50 9.13 27 11.29 280 447 8.77 21.6 6.43 405 282
CB10 36 8.32 34.32 2.56 354 507 7.88 14.64 9.08 188 375
CB11 25 9.09 27.13 5.24 715 636 7.61 24.1 4.04 584 574
cB12 9 9.66 21.49 4.88 494 752 8.25 23.45 7.73 474 949
CB13  -15 82 221 5.4 344 654 8.66 23.14 12.97 412 824
DQ1 336 9.32 29.83 3.76 298 301 8.12 12.22 8.2 227 455
DQ2 108 8.12 21 8.73 321 454 9.33 16.327 10.34 505 432
DQ3 26 8.34 20.8 9.03 334 554 9.73 22165 7.15 1810 386
DQ4 172 8.86 14.3 10.67 283 345.4 8.49 12.36 8.23 239 477
DQ5 102 8.64 189 6.65 344 573 9.38 20.142 10.07 395 403

DQ6 46 8.72 20.65 2.68 295 397 8.74 12.64 8.6 218 437




