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ABSTRACT

Aims: Urban development influences local aquatic ecosystems. As one of the world's megacities, urbanization process
in Beijing are more rapid compared to other cities. Beijing's local aquatic ecosystem is more affected by its
urbanization projects, particularly the fish fauna, which is one of the most sensitive groups in the aguatic ecosystem.
This study focuses on fish to better understand the impact of urbanization on Beljing's aquatic ecosystem over the past
decades. We apply functional diversity (FD), a crucial component of biodiversity, to assess ecosystem function, and to
reflect the extent of resource allocation and complementarity among species within fish communities.

Methods: Using field survey data, historical specimens, and relevant literature, this study screened functional indicators
that relate to fish habitat, feeding, movement, and reproduction. This enabled us to cal culate and compare the functional
richness index (FRic), functional evenness index (FEve), functional divergence index (FDiv), and functional dispersion
index (FDis) of fish in Bejing across four periods (1920-1960, 1960-1984, 19842013, and 2013-2024). This study
then compares these indices from developed/ developing areas in Beijing, and its ecological conservation area.

Results: We found that decreasing numbers of indigenous fish were recorded in Beijing as urban development was
progressing, with 81, 66, 48 and 55 species detected in 1920-1960, 1960-1984, 1984-2013 and 2013-2024,
respectively. The fish FRic in Beijing initially decreased and then increased over the four periods, from 28.889 to
17.693, then to 11.358, and finally to 19.888, which was synchronized with the change in species diversity. The FEve,
FDiv, and FDis showed no significant changes. There was a positive correlation between the FRic and species diversity
in both the built-up area and the ecological conservation area of Beijing. The FRic in the built-up area (1.639) was
significantly lower than in the ecological conservation area (14.156), while the other three indices showed little
variation between the two areas. Additionally, the introduction of non-native fish species had some impact on FRic but
had minimal impact on the other three indices.

Conclusions: Overall, FRic responds more clearly to the changes caused by urban development. Fish FRic in Beijing
continuously declined before 2013 and slightly rebounded after 2013 due to the restoration of native fish resources,
however it has yet to rebound to the level of the pre-urbanization 1960s. The functional diversity in built-up areas is
significantly lower than in the ecological conservation area, clearly due to the impact of urban development. Moreover,
non-native fish species can occupy the niches of native fish, making it challenging for native fish species to recover.
Although the non-native fish can increase functional diversity to some extent, they introduced threats to the survival of
native fish. Therefore, it is necessary to control the non-native fish speciesin Beijing.

Key words: biodiversity conservation; urbanization; urban fish; non-native fish; aquatic ecosystem
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JE BT K A 16,410 kP, 439 J& T i
B, BRI AR R KIETKR BHEETK R
ACGE K BZ AR K &, K28 BHAR-FH
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XX R B Frmix), PR AT R X
(BFEEFE =X, PAEX. R TR BFFEX
PLA G5 th XA ESEIX X)) (https://www.beijing.
gov.cn/gongkai/guihua/wngh/cqgh/201907/t20190701
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W TRER— DI T .

Z KU 2 REVE RS BIF S0 AR 40 1 2 P e 22 4
P, FEXREWMEEMZE, 2R
& AERAAESRESF DR IR B ZE S . ThiEe
FEPEA AT AT 2R D REVEIR RO B ATVE HE, iE
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2017). AW FL LI A 2R00F (35K B T E Rt 2
Wt I K S W 0L S bR AR AE), BB HLIL BT
A TR 10 A5 A (B4 A AN B 44) 1E 4T Dh RE AR AR
H HI B (Villéger et al, 2008; [4fk%%, 2022), E
P EhRAE R L. Bl S 3EAT R MR B AL S vt
FEHUI T8 5 v EAR S D) BERFAEE (Villéger et dl,
2010; ARKAG%E, 2022), HoAthie MEFE bR 2 A
KALFEAN L foof g AT IRE (£ 19 0%, 1984; iKkE

R1 BETREMERFNE S E
Tablel Functiona traits and measuring methods of fish

JGAEAERE, 2013; HERK5R4E, 2019). TR 5 B 5 %t
BT A 40 v 4 (9 48 b 33E 4T 32 54 4 BT (principal
component analysis, PCA), FTH HRERHIE(E Zo 4
ilog(x + LbriEfLALERfS, FiHfEHPAST 4.0.3% 4
5EHPCA 7 M LA K Th R 25 A B 4, e e 440 ik
TR KA =B, B350, e, ZhEs
AT I3 EAR T Th R 2 FEME R TH . (Pease et
a, 2012; Mao et a, 2021; BRFkZ %, 2022), WL%K2.

IhEEMEAR Functional traits W& 771 Measuring methods

FruEfRK Standard length
AT Body depth

{A%E Body width

3k¥ Head length

ALK Lower jaw length
M9 Mouth width

K Mouth height

k4% Eye diameter

MRIAEE Interorbital width
fltg 4 Pectoral-fin length
g Ana-fin length
JEM K Caudal peduncle length
JFEMiE Caudal peduncle depth
JEMTE Caudal peduncle width

Wity 25 R B Je — MOEAEE IEE S The distance from the snout to the last vertebra of caudal peduncle
BE M B A T EEIE R The vertical distance from the origin of dorsal fin to the lower end of body
TS HEAL 5 B PR PO X i K %2 B The maximum width on either side of the body at the origin of the dorsal fin
Wity 25 8 56 F S IBE RS The distance from the snout to the posterior margin of operculum

M1 A4 3) R RIS I BE RS The distance from the corner of mouth to the tip of lower jaw

ZEA5 A TE HIEE RS The distance between corners of mouth

A% E RS EIER The vertical distance from the midpoint of mouth cleft

AR (A% 7 4% Horizontal diameter of eye

AR BIE 71 ¥ B S EE B The minimum distance between the edges of the orbits

ik 8 32 %5 i % K 3 BE BS The distance from the base to tip of pectoral fin

A e i 2B HE AR 0 PE 2 The distance from the origin to tip of anal fin

TEE I A ity & B f — MU MER (I EE B The distance from the end of anal-fin base to the last vertebra
BN RS AE KT B E The vertical height at the narrowest point of caudal peduncle

BEMTEE L ERI 9 The width of caudal pedunclein linear profile

R2 BEMEFHERITEREZMESFEEX

Table2 Calculation methods and ecological meaning of fish functional traits

ThRedeay hRe TR
Function type Functional traits

TR
Method

Ecological meaning

i} Habitat f&Z%44EHR Body shape

123} Sport
pectoral-fin length length

B XK S Relative EEEKMArEAREK Anal-fin length/Standard

anal-fin length length

AT Relative (BIFK x RFm)(FrERK x k)
(Caudal peduncle length x Caudal peduncle

area of caudal peduncle

TR K Body depth/Standard length

TEZK AR AN S B ik BE ) Position and

swimming ability in water

Mg R Relative Mg /ARuiA K Pectoral-fin length/Standard LB AR K, MG [A#kas, RiEME#E The higher the

ratio, the stronger the turning ability and greater flexibility
EUARBR A, W) P45 /7858 The higher the ratio, the
stronger the balance

LB B, PPk AL /758 The higher theratio, the
stronger the swimming ability

depth)/(Standard length x Body depth)

RN Relaive JEMm/AR Cauda peduncle depth/Body

depth of caudal peduncle depth

FEMIAEXT % Relative AR YE/&%E Caudal peduncle width/Body

width of caudal peduncle width

Lol bk, BEEIESIAE IR The higher theratio, the
stronger the caudal fin oscillation ability

B ME R~ BB B I RrEifik e /1 Higher values
indicate better sustained swimming ability

T Feeding MMM A/ Relative (HR%E x Hm)/(fh% x #5) (Mouthwidth SRR ETRE ), HEME, BE/IBGE Maximum

mouth opening 1

x Mouth height)/(Body width x Body depth)

feeding capacity, higher ratio indicates stronger ability

FZUHXK/N2 Relative 358 x HiE/ FAiK Mouth width x Mouth  F{E RS, Fos B B AR SR e i ikom

mouth opening 2 height/Lower jaw length

H 2494k Mouth opening 15/ 24 % Mouth height/Mouth width

shape

RIS X K% Relative HR/Z/3kK Eye diameter/Head length
eyelength

FHXTIRTE Relativeeye  HR[AIFE/IRE Interorbital width/Eye diameter
diameter

{7 Mouth position

4 Breed

types of fish eggs buoyant, drift

Higher ratio indicates ability to consume larger food items
AR Shape of food

SR AL Visual range of food

PO, X Er i) AT MG EEBCR. The higher the
ratio, the greater the visual range of food

uifi. AL FAL Termina, superior, inferior A[FALE KRR EWHKA—FF Different location

means different food composition

fGRLEASA! Ecological IRNTE. Rtk ik, iR M: Pelagic, adhesive, /A~ [ 7= SR R R IR AE KOR B FIEAT 77 A —#

Different spawning types indicate varied methods of
growth, development, and reproduction
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BEAk, H K S R R AT B K Z B R

RESFEN, SHAVRE MM I RE 2 FEIEA K,

DR AR AIF 78 e i 7 bt b X 25% fg iyt S 0 DL K
WK E, FRHEAT T SRR Y 23 20 (R Bk 2 45,
2022),
1.3 ThREZHMIERIITE

i R 4331 FD A 47 Th e F & FE 41 4%
(functional richness index, FRic). IhAE¥ISIETEEL
(functional evenness index, FEve). LjfiE B 8% 5%
(functional divergence index, FDiv)LA X HfE S BUE
Fa % (functional dispersion index, FDis)1it % (Ihaka
& Gentleman, 1996; Laliberté & Legendre, 2010).

Ihie & FEFR B (FRic) /& 16 A MU AE BE 76 Hh B
o 48 B T RE 2 (B B DR /D, AT AR R AR 7S 2 1) R F 72
FE o AXAREOHOK, AR 252 (R F F8 BBk = (L aliberté
& Legendre, 2010; [Fk%4%, 2022).,

SFi
FRic :R— (1)

X, SEABEE IR MEIRCHIIIREE &5, RE
TN T FETE T IR e o s 1 AR S A A )

IHREI 51 FE R BU(FEve) /e TR EFETE A HLAR )
DIREFFAEAE AR A 28] By A 3 SRR L, RZ &
AR A TR S A a0 B S R 4B A . % TR B0 K,
Wi BRSO KR R R A T, R (Laliberté &
Legendre, 2010; FRFK2E %5, 2022).

PEW, = L)) g
S—1dzst(l,]) W, +Wj
23—12_/:2 W, +W,
Zi_lmin(PEW,’Sll)—Sll
FE,, = — — €
1
1-——
S-1

X, SHVIFREL, W, WP Fp R R AR = B,
dist(i, j)NVIFEERRE S, Doy XK, PEW,
S &S E

e B B R A (FDiv) R BT A WK KL
BRI Z Ve, ARIT & A DR I A S 6 7 A
PRIRTE SRR . AR, WIEEE WA LA
DAL HAMEEBGE, TS (Villéger et a, 2008;
FRBk 255, 2022).

l S
8k =% ink (4)
s o

dG; = Z(xik — 8k )2 ©)
k=1
dG =lida (6)
S i=1 l
=2, (7)
i=1
Ald| =Y W, x|dG, - dG| 6)
i=1
Ad +dG
Y Ald|+dG ©

A, xa VRN IREE, g o W PERA EG, dG;
IRE PRI R ECBR B, dG AR MR A
YRS, AdJy A E LA AN A S A

Thae o B0 8 0 (FDis) % n MATE 2 4EFFIE TS
V) 2] i A 4 b o ()P X R S, LT DS s A
= FEXT B AP B 1) 2R B AT AR AR B
IZARHAT DAV 24 b RO 1 T g VAR AH AL 1
TR HAZIREA Z M= 8 FE R0 1238 208K,
S £ T SR U NG S N VA oY - N D AR T i)
3 4+ % FF W /) (Laiberté & Legendre, 2010;
Prada-Salcedo et al, 2021).

) E ajx;;
¢ =|ci] Sa (10)
FD jg= Zaﬂj (12)

S
A, g IR FEE, x ML, z YR
B E L,

21 @ EYMLERR
211 HBIERE EdeRHEEERTL

H 19204 %2 20244, b3 i i [l (LA 24 A Ak 5t
AT X Rk h) Py H i 5 21 f 2504, RE 111
H23F169)®, Horh -3 f 281F.,

1920-19604F, JbIAE RGE AL T JH UG
HARIRAS, 1% 43 R 3 81, )& T10H
19R}57)& . 1F H K P b, 8 H #2852 Hi
HHAEH, A5, iz R FE172.8%;
HUCNEEE, BM, G aFE11.1%,; i
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2K BT, % A B AL 5 2 k48R,
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x, A33F, LSRN EN£168.8%; H UMY A,

BRI Z014.6%; 65T H A4, G
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2013-20244F, it 2 24k 5t 1 3% 8 95555,
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Fig. 1 Comparison of the order, family, genus and species
level composition of native fish in the four periods of Beijing
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Fig. 2 Venn diagram of the species number of native fishesin
the four periods of Beijing
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SR, ARk N 4.220-28.889, Hirb T =M
W ReFE 2 AR R B, 1984-20134F
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B (FEve) hRE S BUE T8 EU(FDiv) LA S ThAg 7 BUE
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ThRe 851 Fa 20 A2 46 6 v 0.831-0.844, 1920-
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Table 3 Comparison of species numbers of native fish
subfamilies between built-up area and ecological conservation
areain Beijing

A BRIXFE AR XD TR
Subfamily Species numbers Species numbers

of built-up area  of ecological
conservation area

1

fiE W FL Salmoninae 0

IOl Al Opsariichthyinae 2 2
P fEFR Leuciscinae 1 3
1R} Culterinae 4 5
fiFf i £} Xenocyprinae 0 2
fiFGFF} Acheilognathinae 7 6
fif) EF} Gobioninae 8 12
#3F&} Cyprininae 2

AR A} Nemacheilinae 0

TESHIEA} Cobitinae 1

HHEIEFEL Oryziinae 1

IR Mastacembelinee 1

2} R} Macropodinae 1

R R R W W N

OF W B = 1A (0.844), 'R 245 2013-20244F 4 £ fik
fE(0.831). 3 1 2K Dy RE B B 4R K S I B AR T P
fkas, HANMKTERI~0.774-0.787, 1920-1960F N
5 =i{H(0.787), 19604 LA J5 A WT T B&, 2013-20244
BB RARME(0.774) . 135 f KN RE A BUE R EUM AR
k36 [l 93.311-3.481, 1960-19844F 5 T B&, 1984—
20134 A fif b TF, 201320244 X F [ N i i E
3.311 (K13).

IINAN KRR T Re 2 R B TH R 45 R,
IhRE=FE & R AU DU/ 2 T i 22 ek, ARk
6 911.358-28.889, AfbiEaH 5+ AR ThE
BB —8, RAETNEERT . 19844 LT, 1)
AE=F & B KR B T [, 1984—20134F i 1A] Ny i i (E
(11.358), 2013-20244F 1] 71 #1]19.888. H.AR3MH%L
TE VYA BATR] (AR A AN B o ThREI 51 B HR 20 AR
1.1 i 90.837-0.845. 1960-19844F Jy i i {1(0.845),
198420134 A filf N P4, 2013-2024 4 At /MHE
(0.837) . LhiHe &8 Bl R $i HOAE DY A I A (8] A By B
2013-20244F T[4 3| ¢ /ME.(0.780) . T RE 5> BUE 8
AR Ak, 7 ) 4 3.336-3.541., 196019844 N f& Y
5% /N 14 (3.336), 198420134 X F F+ Ky & i
(3.541), 201320244 X4 it T B (1413).
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Fig. 3 Comparison of fish functional diversity indicesin the four periods of Beijing
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Fig. 4 Comparison of fish functional diversity indices between built-up area and ecological conservation areain Beijing
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Fig. 8 Ecological distribution of fish in built-up areas and ecological conservation areas of Beijing by habitat water layer, migration

type, ovulation type and food preference

BIE R, XL Rt AR KBS 6. A
AN, G ik fik DL R 6 28 AR B fes s e 3 )
(IKES A S E, 2021), MWEYIRME A B
MIThRERRAEAE, DR S i 1 91 2K TC 58 2 IRl 1%
B HATh e & LI T B

2013F- LS, 3 SRR BRI D) R F E A
HFE PRI, XATRE S DR — R ERE K. (Q)KE
TR SR A Dl L B K AR 5] N 50 S SR
HORK TREMAR 2] TR I 22 Ak Culbe %, 2015; Xl
W4, 2016). fian, JEATE i@ i 7K e i H 19954 F
TR IO LG, B A 20194E St 1 K E T Ak 5t Bk
A RS AN A E TR 1 A BT e (P F 45, 2021,
/DA, 2023) (2)AbE L IX K B YR A 454 R A=
TR, 20134 DL 5 3k 5 Hb X A b R E T
MV kA AR A K 5 T K98, 5k E
PREE K K I (#15, 2018) . (3) A\ T 15 it T

VERIFR ST RE o ()48 BE I HEAT LA R AT T-7K
A AR AP R R B DB, T R IS A P B G OR K Uk
o XA AR KRR S R AL £ A
5, WgmikteE . TLICHED 1 (Leuciscus waleckii)~ 1%
[CE[ (Culter dabryi). ¥ JEMf(Xenocypris davidi)~
filii(Pseudobrama simoni)~ &g (Hemibarbus labeo)«
TE868 (H. maculatus) ELM60 . w230 /NE i) DL K% b 6
(Lefua costata)fE20134F LUJG X EHT IR, KT RE
FE EREOEW B K EAEENE, AT
Ahk ) Re AR JE T B AE SRR B, 2013-2024
FERIDIREF W FE W] E T B 7 1960-19844E 1]
DRt E R, (AAUH L& AR Rt E 4 R
* ] 2013-2024 4 1 Th mE F W R ALE & T
198420134, ¥ A it 1960-19844F {1 Ty e+ &
&, XA B 2013-20244F 6 5T Ak ok £ 8 32 2 G 4
T IS 2 A SR BRI T RETEIR o

20244F | 324 | 8M | 24150 | 5127



ZEE SRS IR X SR I RE 2 AR I DB IR T AL 5 e 5

T B8 5050 FE 48 HTE Ak 5 b X DU A B o ) A
AR BEAR /N, 6 BH PO AN B 1 v 2R Th RS PEIR 16 2 A
DA IR R FH B KRB R RS BAME
AHIT (Massicotte et a, 2014; i 5 %%, 2017). +3%
H1 W D B 35 &) BEFR H0k 2 B bl 4 25 f 2 R 4b
Skt R IL FTH LA D RE 1 20 BE R AUmE K, X B A RE
YLHH T AE T A R A 2R Y HEN R T Ry R
KINBEMEIR 2 Bl . 2013-20244F B AR W Fh
AT, AHIX— B BA DD RE 35 50 B T B0 e A%, Ul
H12013—-20244F i 52 1) & 73 3 # 2R LLSZ I 3
LI AR A R8BS 2 AR ) DhRe IR, TR
MR AWK IBAR S . ThAe B BUE a0 h B
BRORE HE BCTE AN IR B 1 22 S A AR /0N, RIPO AN B £ 2%
X PERL B Y5 RO 2 Hh 1 5% 4 R IR SR BL(Vill éger
et al, 2008; 77 H%E, 2017). DOANI ARG £ 25 2k
ThRe B ak AR A2 M s, 1X ] § 35 2E H 9 U7 T SR
HFE (WA RNERK TR ZE ., AKE
TER 2 U5 B S sl /L Rt e 2 8] 35 4 I
oK (2) 19604 LA 43 4h R 5 AR S A 5k
HEFEHRES, NMINKT BN,
32 FERELGBXINEZHMENTHREN
ESEES

X 1 AR TR 2 FEE I3 TR B N T
AERIRFEX, BT b X S A AR R XA
Lo A SRS B — | WS AN A e H A 2R a]
54 (Villéger et a, 2008; Massicotte et al,
2014; Iy HsE, 2017), HAThae S E AR
AR . HARIRTE O 06T M 28 Th e 2 I B
TR T LA B 2 VI8 Sk 3k X B VAT ) th 45 2% B
W2 S EBIRIX AR TR E H K (Qiao et
al, 2022; Yang et al, 2024).

R X I TR R A% O Xk, B A%
) T BB FH 0t AR T R e 3, % [ SRR AR (1)
TF & ) 328 376 K 2B 2 3 FF X (D WF A0 2 v B
2006). X HIFZmIEA WIS, SEGIE
WL I 2 g A S T 5 K BRI B, I8
A R R R IX 2 i KR R
EEE AN Y, I WA B R e 2 R AR
TEFF4E/INFL A AR T B (TR L AR, 2013)0 FE AR
X% YT A (1) 8 9 DA R 8 bk R 1) B 73 23 {8 4]
TERAL ., HEKEARE, KRR SRR . K

AT R, R R IX 2 N K s R A
TGS, T S A AR 3 T 0 S U B D o A7 7 S
X, REAFAER 2 IRl . R, BRX A+
TR A S AT H B ARV BT AR (5 K R KR
S EUMEK G Y AKER_ETE, A2 X 7K 5
BUR S AR e A K M 2R A . Ak, &
JS X B T A T O 1T SR R AR 4 B R B R
X B RS E AR TR R . B AR
T A 2SR I X A DR B U DA S B PR 5 T A
FREK, R SRR () 1) 5e 4 BE ORI, S8
HERIX D fe B BUS IR B T AR X .

BRSSP R RN S RO R ) 4 2 1 28 A A
TARIRTEX (K3) o 38 T A} 1 4 i ik 7 8 %
DX H i 2k 14 5 IR AT R e A 5 2 7 /KRR T R KR
BRI SR TS B (TR R, 2013), 1M 2 Ak
XAMUK IR ZE  ZKIR IR s B2 g K. s
B T 8 N o £ AL 5 7 2 s X R TSR O T BE AR T
B il - 7E AL 7K IR 30 9 A ¥ Bl (7K A O BT R
2013), {HER R X NS, Joiki e H AR )
PEFT SR o SRR REXS A0 1SR, B ARV TE L
R L =7 L B S e S PS N o 529 A R o I = 914
XX L8 A} 435 R P R 2 SRR R ESM T
B, PRI X 2 1 2R ) BRARRAIE L K 1 0] %
EIRI 7 R e —1k, SBThReFE EIRET)
RES S EFR B T AE SRR X
33 k@

B R 3T A 3R i A R FE 5 Bk R 2 11
AR fa kN . 1920-19604F, JbEiifads 4N+
F K, 1960-19844F, Ak SR FhEL & i 2
SR Z112.1%; 1984-20134F, 4hkfas 5Lt
£)18.8%; 2013-20244F, AR fh 3 i Hb£)25.5%. Y
ANE A SR R 5 BRI TS, S8
AR AR BRI R R E A CUR LA (D)
FB I T AR A A AT B Iy B R SR AR VS, IRIN R
TESIAE T, Wt B X R 1A S i 2R
Brig, ket tE R IR 2 HON AR A K, (A
T4 % 07 TR S ECE A S AR R
TACF X AR, HAWY 3Kk, @ tE a2k, B
HI K 1 22 fifi (Micropterus  salmoides) F 5 fiffl K [H £
(Lepomis macrochirus)2& 4N KW Fh B A 4% 8" B
FATR T B K B ARt ()3T #5268 DL AR
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R A TR R 2T

%t it P AR K R 804 FN AR B wh ) e 3 R R, (S
JEaH X L JC R AR X TR KR, AT
By — o3& LR R S e 7 2, i ) v IE 6,
AIFE AL SO X AR A IR B (G2 /D IBESE, 2005; B OC i
45, 2021; Yu et al, 2024), (QFEEIR T A E, BA
SEBUSARI N DG N, KRR TS B R A A
REHEN, AR BT R 2 BB = Ak 1 2R A O RR,
WA RNTRAE BRI AT Bl 5 BRI AL, S 3L
REZARAFHFNGHKELEES RS (HREMA
(Protosalanx hyalocranius) K17 2y, JhyE A %5
R BEEMAT K, KIS R 555
SESRVIFEN B F R R SR, HEE IR/
FEANEE . (B)Tifb A RAR i3 [ 220% . BH & FIAZ I
PR, T T B R ] B IR A T (AR
R, BE 0T Aok RN BB (Yu et al,
2024).

AR K, 4k 5 — B A (1920-19604F ) F1 B
4>(2013-20244F) {1 K D e 2 I EAT LLER, T LA
R H D Re = E e B br B2 s i)
(EI3), (Han 5 LA+ 25 2K Th e = '8 FE AT VR,
MIEATZEER K. @ RX — IR M R 2R 2 K=
HhR G T A EH R I 3 2R T e A )
(H5), JF Hix—BEH/Y RiEH.

Uk D AR f N 4 3 R AR S, A
SCHEH DA LA (D)2 kT AR N R P Hh
B 2 45 BE RS S A H A s O VR R B (A B
WY o FELAL ) R S AR DA R 2R 1R PR A5 I ot
Gk RGBT T AL, fEm KRS 7 A
AR, R)EA RG] N H 3T R 5 & B V7
fli, IR R | B BR A 2 S AT N 51 3
I, B AT B B 2R NAR B, A PR
SRSRNAZ R IEEN; (A% B &t N B SRR 41
ok A 2 BEREAT A R AIPE AL, IR e B
FEIRTT F

I AR B N A SR T R B R IR
AN Fr TR SR AR R B ) 5e . T 3248k
AR AR T A A R s i), I e DX A SR
EIKEAT RS FM T 519604 AT F TR K=
FE (P73, 2013), HIE HIBR 582 E I LIRS 2
AN, MAEFE S AR A E, 200 TR E
T AR DR 2R

REZFEPERISZM: DL IR T AL 5

gt BB R AR A TR B (Nationa Animal
Collection Resource Center)32 A7 A ALY £ 5.
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Appendix 1  Fish collection information table from 2013 to 2024 in Beijing
SRR [8] RARX Ik KETTH
Collection time Collection site Collection mode
2013 4F 7. 9 A July and September E . JBIE . AJISIAAIE Jumahe River Basin,  #0M. #1%8. M Hand
Beiyunhe River Basin, and Jiyunhe River Basin net, floor cage, and cast net
2014 4 7. 9. 11 A July, September, JEiZin . sk Ei¥ids Beiyunhe River Basin and PR, HE. 0N Hand
and November Yongdinghe River Basin net, floor cage, and cast net
2015 & 4, 7. 8. 10 A April, July, ] E (5 2 7K ) Chaobaihe River Basin PR, HZE. N Hand
August, and October (Miyun Reservoir) net, floor cage, and cast net
2016 4 4. 7. 10 1 April, July, and WA (2K AKGEM . JLIZWFE Chaobaihe PR, HJE. #ik Hand
October River Basin (Miyun Reservoir), Yongdinghe River net, floor cage, and cast net
Basin, and Beiyunhe River Basin
2017 4 4y 5. 7. 8 9. 105 11 A W (E K KB s ik $M. HIE. M Hand
April, May, July, August, Chaobaihe River Basin (Miyun Reservoir), Yongdinghe  net, floor cage, and cast net
September, October, and River Basin, and Beiyunhe River Basin
November
2018 & 5. 8. 10 A May, August,and ] [17. 7k5E¥] . JLIZT[IAIH Chaobaihe River YW HZE. M Hand
October Basin, Yongdinghe River Basin, and Beiyunhe River net, floor cage, and cast net
Basin
2019 3. 5. 7. 10 A March, May, W AW K e LISt Chaobaihe River Yo, . ™ Hand
July, and October Basin, Yongdinghe River Basin, and Beiyunhe River net, floor cage, and cast net
Basin
2020 4 5. 6+ 9. 10 H May, June, WA . JbiziifdE Chaobaihe River Basin and ¥R, . #™ Hand
September, and October Beiyunhe River Basin net, floor cage, and cast net
2021 4 3. 5. 7. 10~ 11 H March, WA #Wiiz . JLiE It Chaobaihe River ¥R, . #™ Hand
May, July, October, and Basin, Jiyunhe River Basin, and Beiyunhe River Basin net, floor cage, and cast net
November
2022 4 4. 5. 6. 7. 8. 9. 10 WA KEM . JLIBI R Chaobaihe River M. . #0W Hand
April, May, June, July, August, Basin, Yongdinghe River Basin, and Beiyunhe River net, floor cage, and cast net
September, and October Basin
2023 4 7+ 11, 12 A July, November, i H3. JLiZiids, Chaobaihe River Basin and R, . ™ Hand
and December Beiyunhe River Basin net, floor cage, and cast net
2024 4F 5.6 H FELWL AKEF . JLIEF A Jumahe River Basin, Yo, . ™ Hand

May and June

Yongdinghe River Basin, and Beiyunhe River Basin

net, floor cage, and cast net




