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Abstract: Juma River, which supports unique biodiversity in Beijing and surrounding areas, has been facing vari-

ous ecological and environmental issues. The fish-index of biotic integrity (F-IBI) is an important method to evalu-
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ate the ecological health of river ecosystems. In this study, fish samples were collected from nine sampling sites a-
long Juma River in Beijing by using ground cages and gill nets in May and October, 2018. We collected a total of
2 001 fish individuals, belonging to four orders and nine families. Based on the biological characteristics of collect-
ed fish species, we selected 21 candidate metrics of five categories for the evaluation of biological integrity. After
the stepwise selection procedure based on multiple analyses of integrity, value range and Pearson’ s correlation, we
finally chose 6 out of all 21 analyzed metrics, including species richness (M1), percentage of species richness in the
Cyprinidae (M3), percentage of species richness in the pelagic fishes (M9), percentage of species richness in the
omnivorous fishes (M13), percentage of species richness in the fish producing cohesive eggs (M19), and total abun-
dance (M20). The F-IBI of Juma River in Beijing was established based on the 6 selected metrics, by which the
river health condition was evaluated. Further, we correlated the developed F-IBI with several major water quality
parameters and barrage data by using Pearson’ s correlation analysis. Our results showed that the overall river eco-
system health was at a poor level in Juma River in Beijing. The F-IBI had no significant correlation with physico-
chemical factors of water quality, but was significantly correlated with the parameter of distance to the nearest up-
stream dam. The correlation analysis illustrated that the biological integrity of fish was not mainly influenced by the
measured physical and chemical factors of water quality, and the observed patterns were likely derived from the
river fragmentation caused by the constructed barrages in Juma River in Beijing.

Keywords: fish composition; fish-index of biotic integrity (F-IBI); river ecosystem health; Juma River
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Be kAT B RASARR) ) 3 2 3 30k e Ui 4 TR ol 5 3
Jry BT B B AR AL B A T L5 B 3 B
A RHZE VD AT [ A S BOK A AR P B AR S AN T
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FIFE Py 38R0 Ak 27 48 AR DA T 3 £ R AR 1 % Ry PR
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FREVEM I 4 N 3R % 5 P AS K380 B AR AR
DLRNET MR E AR R ZE S, FE A LEY)
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1 ##l57 % (Materials and methods)
1.1 WS X R i A vl Ao

AR YRR A L A 5 T Jb BT P ] B, AL 2
39°34'33" ~39°39'4" K% 115°29'23" ~115°41'13",
Fie B Bl AL, 1 AR B R R A T ) BT AR AR 4R
il nt B i MR AL A SR, 7000 5 SRR A B
RV, BEE T 9 AN AL, 43 51 o B EF T (S1),
RACH(S2) AL TT(S3) P 11(S4)  JLIE(SS) /T
(S6) FBF 1(S7) . T 1 (S8) Fl ¥ 2 KATF(S9)(E 1),
1.2 MR YEE

2018 45 H AT 10 H 2 YRGHE D b 5t B fa 2k
(R 3 A TP S R R L EA T T A 45 /40
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Fig. 1 Distribution of sampling sites and engineering structures in Juma River (Beijing)
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F1 EDARIEREN S LAY TESEREH(F-IBI) TNV ERE R
Table 1 The primary index system of fish-index of biotic integrity (F-IBI) for

river health evaluation in Juma River

Ja E A ETE)) Xt iz
Attributes Metrics (Abbreviation) Response to disturbance
2 SR (1) TR
Species richness (M1) Decrease
Shannon-Wiener ZAEPEFEH(M2) T
Shannon-Wiener diversity index (M2) Decrease
R SRR T 23 HE(M3) BTt
Percentage of species richness in the Cyprinidae (M3) Increase
SR} 5 SRR T 23 Le(M4) ThE
Percentage of species richness in the Cobitidae (M4) Decrease
i) A 5 R EC T 23 L (M) TR
Percentage of species richness in the Gobioninae (M5) Decrease
TG L o
o URpE A RL BRI 4 L (M6) T
Species richness and
i Percentage of species richness in the Gobiidae (M6) Decrease
composition
G H b7 SR E 4 e (MT) Bt
Percentage of species richness in the Siluriformes (M7) Increase
9% H 5 SR E 4 Hh(MS) TR
Percentage of species richness in the Perciformes (M8) Decrease
h )2 AR 3 H(M9) TR
Percentage of species richness in the pelagic fishes (M9) Decrease
JE = BRI 43 L (M10) TR
Percentage of species richness in the benthic fishes (M10) Decrease
/NI TR 43 E (M) L7
Percentage of species richness in the small-sized fishes (M11) Increase
R EE R R A 7 L (M12) ]}
Percentage of species richness in the herbivorous fishes (M12) Increase
AR B TE TP ZERO 73 HL(M13) BTt
=8 S0 | Percentage of species richness in the omnivorous fishes (M13) Increase
Trophic guilds A B e £ R RO 43 H(M14) TR
Percentage of species richness in the benthic-feeding fishes (M14) Decrease
VSRR B E 2 Hh(M15) TR
Percentage of species richness in the filter-feeding fishes (M15) Decrease
i} 32 PR A 7 H(M16) BTt
i} 52 P Percentage of species richness in the tolerant species (M16) Increase
Intolerance and tolerance HURPER B E 4 Fb (M1 T7) T
Percentage of species richness in the sensitive species (M17) Decrease
Fr B AL N A8 AN SR 23 L (M18) TR
B A B Percentage of species richness in the fish spawning floating eggs (M18) Decrease
Reproductive guilds JERG I B 2 RSB 23 H(M19) L
Percentage of species richness in the fish spawning adhesive eggs (M19) Increase
T 615 B MAHM20) T
SR Total abundance (M20) Decrease
Species abundance o N
. SR EYFAAECE S Ho(M21) -7t
and condition
Percentage of species abundance in the invasive fishes (M21) Increase
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FE I RE R A IR B CRAE S R 1 km
FRI ST B i R A R U 2 km R R Y 2 90] 401
B FIRAE 5 F T 3 km Y5 Rl A 30U

FIH F-1BI {85 X0 ] i B K BB A0 PR 5 DA J&2
MK TRESEGHIT T Pearson AT (AH R4
BT AT B A 7 IE AP I, AN AF & IE 28 70 1 i 4L
P loglo FEAT B e 4), GEit 53 B (i I kA%
SPSS 21,

2 #5R (Results)
2.1 EEde Bt A Ak

SRR AEFEAR 2 001 B, 40 )% 4 H 9 Bt
33 fh(F 2),4 HEFEEIE H &8 B 89E H FE5E
H,Hd #E H MR EZ,H 23 Fi, b 69.70% , fiF
JWH S Fh 1515% 652 H 4 #5 12.12% , 82 H
/D AV E 1R 5 003% .,
2.2 F-IBI WIBEFEHR A i 2E

V438 B 28 I B K G E B BERE VR
SRR | AR AR} PR AR 3 0 5 1Y) £ 2SR A Tt
g e PP ST A= S TN =R W € S AINE AN 7 A S

figh R EEHR i HEAE D AICGR AR (b R HESh
WL ta 2 55 ) T iR SRR f s i IR R AR
HEXT 21 DHIEFE PR IEA T 16 , M15 AT M21 FA{E i
2, AW 48 b rf N I 5 AR 0 IO S R M2
M4 M5 M6 M7 M1l MI12 MI17 F1 M18 F&Fr{H )
WE G R 2, NI e bn PR . % T A6 bR
AT SR e b, 5 S 3k 3 i, b o M3 5
M10 M16 HFFAE 35 A0 e (P<0.05) , HY TRl
FORfE W E M FHIL R ARG R B RN
M3; 554, MI3 5 M8 MI14 fE7E i FHAH K, T
MI13 S« F PR R ECA 40 b7 15 F B
K, HHARE M13, 286 DL L i, e & 1845
#) 6 NMEFR M1 M3 M9 M13 M19 Fl M20,
2.3 FEPRIRIE S AR IE

WA TS5 PR B 1 6 AR hroxt Sh A5 T4
Ml , 25 AR R S EL IR B = =550, 4% 1 3.5 73 3
NEUHATR Y 5 RN 4 FiR, S8R Kar™ 917
WS GRN PN 28X 5 T b T BTl i i B R 0 2R A 7 T
W 5), 455 W bR T ba T TRIPEI 1 2 SR
BT L A F T M 45 R Oy — e, LRI B3 o
“27 RUHE STt T BO g B AL TR 22 KT

F2 EDA(IERR) BEFMEEAM
Table 2 Composition of fish fauna in Juma River (Beijing)

H B i B % FhEL i SRR %
Orders Number of families Ratio to total families/% Number of species Ratio to total species/%

#fJ H Cypriniformes 2 2222 23 69.70

] H Perciformes 4 44 44 5 15.15

#%J% B Cyprinodontiformes 1 11.11 1 3.03
#59% H Siluriformes 2 2222 4 12.12
3 iEtREMEXEITER
Table 3 Results of correlation analysis among indicators
Ml M3 M8 M9 M10 M13 Mi4 M16 M19 M20

Ml 1

M3 -0.197 1

M8 -0.699 0.112 1

M9 -0.054 0.656 -0.360 1
M10 0.137 -0.770" -0.082 -0.543 1
Mi3 0.543 -0488  -0.889" " 0.174 0365 1
Mi4 -0217 0443 0.724 -0.140 -0547  -0877"" 1
Mi6 0014 -0.846" " -0.289 -0358 0.552 0.653 -0.646 1
M19 0.108 0227 -0321 0711 0.121 0.307 -0357 -0.183 1
M20 0279 0.722 -0271 0.608 -0.551 -0.111 0.238 -0.624 0310 1

¥ R AE 0.05 KF LA, * * RoRTE 001 /K- LW FAK,

Note: * indicates a significant correlation at the 0.05 level; * * indicates a significant correlation at the 0.01 level.
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F 4 EDA(JREE) F-IBI B EAR A& R X TR0 5
Table 4 Assignment criteria of F-IBI and responses to interference in Juma River (Beijing)

- . T B v WEE XA i
R L ANERS)) L
) o Scoring criteria Value of Response to
Metrics (Abbreviation) . .
5 3 1 expectation disturbance
a2 B YR ML) TR
>17.33 1267 ~17.33 <12.67 22
Species richness (M1) Decrease
SRR b SRR E 43 H(M3) ETF
o <582 582 ~7195 >7195 4444
Percentage of species richness in the Cyprinidae (M3) Increase
T LR A FSAOE 23 (M) TR
o ) ) >40.74 3148 ~40.74 <3148 50
Percentage of species richness in the pelagic fishes (M9) Decrease
ZR M A PR 4 Fh(M13) =
o . ) <25.03 25.03 ~46.56 >46.56 125
Percentage of species richness in the omnivorous fishes (M13) Increase
PR I 8 2 RSB 23 H(M19) i
Percentage of species richness in the fish spawning <4333 4333 ~61.67 >61.67 25 |
ncrease
adhesive eggs (M19)
a2 AR (M20) TR
>513 272 ~513 <272 754
Total abundance (M20) Decrease

x5 EZF(ILRER)F-IBITFMHER
Table 5 Results of F-IBI evaluation in Juma River (Beijing)

RAER
Sampling sites
b= HRLEF B[] Ju N YA PN
. RAEHR [LFERS] ] ) BxRO TAa
Metrics Langya - North . Ninth Sixth B . Longan
. Top Ceiling . Xihekou . . Mujiakou  Qianhekou .
River Shimen Crossing  Crossing Bridge
(S2) (S4) (87) (58)
(S1) (83) (85) (86) (89)
102 MR B ML)
1 1 3 3 1 5 1 1 1
Species richness (M1)
R} (5 SRR T 43 L (M3)
Percentage of species richness 1 3 1 1 1 5 5 5 3
in the Cyprinidae (M3)
b2 A 3 L (MO)
Percentage of species richness 3 1 1 5 5 1 3 1 1
in the pelagic fishes (M9)
Ak R R A A 7 L (M13)
Percentage of species richness in the 3 5 5 3 3 1 1 3 5
omnivorous fishes (M13)
PR B £ RN EEOA 43 H(M19)
Percentage of species richness in the 3 5 5 3 1 3 5 3 3
fish spawning adhesive eggs (M19)
25 SMA%(M20)
1 1 5 3 3 1 1 1 1
Total abundance (M20)
IBL 543 (b ifEfk)
24 32 40 36 28 32 32 28 28
Total IBI score (Standardized)
WezE-22
SFR v 2% — i 2-—fk 2% 7% 7% % 7%
e
Grade Y Poor Fair Poor-fair Poor Poor Poor Poor Poor

poor-poor
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2.4 F-IBIL 43{H-5 258 A1 1A G 53 Br

F-IBI {f 5%} [0 SR A £ 0 K 5 BRAL PR 7 UK IR
EWIRE pH DO | B | % 5 R 1 45 % . BOD, Fil&
& )Pearson A I M 45 (6 6)F% ], F-IBI {55 )L
AR SH TC B E A (P>0.05), F-IBI{E5 T
TR A A5 2 B0 Pearson AH 5GP v 4 B (2 7) %
W1, F-IBI {0 5 20 “ R A £ 5 i el £2 LE
BRI A (P<0.05),

3 1118 ( Discussion)
3.1 L R 5 D7 s R A

A AR Tt 5 B i 2 e R Y SCik D 4 5C
P AERI2004 A XTHE DTk B i R A & A SRR 2R
M3 H 8 Bl 24 F, o, 8L H 16 4
66.7% ,BE B MESIE H 45 4 F, 2515 16.7% . A<t
FEWA R )E 4 B 9 B33 Fh, 5 30 %5
(IR 285 SR AL, BT 9 5 E N B AR
LM 69.70% , R ESTE B féGIE B, ¥ 24 4 ~
5Bl AR IR A HTHEOY H 1 A, A A 2SEGE ML
PP 1 A S AR A rh 2R 7 T R A 28

B 80.1% , A HE Thymy b st Be N AR R, HoAth
FB L EITE 10% DR s ARG AR B0 o Lk
A2 EE10% DL E RS SEiE 6 (35.70% ) B
16.79% )M ZZ F8(15.30%), 45RFKW, 5 10 Z4E
A S % T A 25 SR A L 45 Tl b o B fa S Ap 2k
LA AR, AR AR A TT BB SR AR SRS
B ORFEE BT G,
Ly s Fic gk it T 40 AU BR T
HEALH X UL IR R A | i G 4G 22 0 77 G £, A i |
TR 7 ORI B A W ATk SR AR AR I 5 A
SCPEAERE A TP AR R
3.2 R F-IBL PEAA 2 p sy A
SR NGRS ENEE SN VA ISE/S NN IN
RIS TR AR R 22 57, AW 454 5 53
IKAE SIS IR I a2 BRRAE , DA 21 SR FE
HARR I A5 19 8 e P AR DGR R ], e A
T 6 MEbR S SR ML) BER S R
SrHM3) B R A EECA S Th(M9) A Bk
FARECE 3 LE(M13) R PR IR A R0 43 L
(M19) I8 2 AR (M20) , 44 B 5 Ja) ] 37 gt

&6 F-IBIESKFESHBEXESTER

Table 6 Results of correlation analysis between F-IBI values and water environment parameters

s MR ARmEE
- . A (DO . {4
KEEME FROOY (CODy,) (BOD,) o
pH Dissolved o . Ammonia
Depth Transparency Turbidity Chemical oxygen  Biochemical oxygen
oxygen (DO) nitrogen
demand (COD,;,) demand (BODj)
Pearson #H5C1H:
F-IBI
s Pearson 039 0324 0.063 0.032 0231 0.090 0.162 0.099
By correlation
Total F-IBI —
. BFEMEP)
scoring 0299 0395 0872 0935 0.550 0818 0.676 0.799

Significance (P)

x7 FIBIESEMUESMEEREXESIHTER

Table 7 Results of correlation analysis between F-IBI values and the distance and quantity of the dams

1 km LAY
T

Number of river

2 km DL
bEESEA &

Number of river

X LR TR
3 km LA . . .
o SR I ) T IR AT
T

Distance to the Distance to the Distance to the

Number of river

nearest dam nearest dam nearest dam

dams within 1 km dams within 2 km dams within 3 km

upstream downstream
Pearson A P .
F-IBI 243 . -0.520 0.145 -0.013 0495 0.788 -0.203
Pearson correlation
Total F-IBI —
. EHE(P)
scoring 0.151 0.709 0973 0.175 0011 0.600

Significance (P)

T FRRAE 0.05 K 12,

Note: * indicates a significant correlation at the 0.05 level.
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F-IBI PP R R, HHER (2 IR 0 138 RO T 3 F-
IBI VA A9 OG5, — Ml >R SO s s sl o e 32 A28
TN IR LG T B 2 B H BRI A B
PG — BARERY R Tk 2 T St A
DR IR A H R AR IR B/ 2R G 50 R i A, Rt
HRER PR i rh 3 —F8 05 () B P B A S i
FRVRIS BAE 2T AR TN G AL U 7 P ] il b
DX YA i fk R (8 - s 2 BRI ) 2 ) B B T 9 v 2
B TRAFRIN . AT SR ARRAE 7 2 ]
1.3.5 WAL, IH454 Kare™ PR 25 90 F0PE M 4
25 X4 Hyynr b st Bl BRI
3.3 JE S KA A IR PR S M

FIH F-IBIL 48 A5 44X Z V- Tl ik 1) 4 BREAR 250, T
S AR TRV AN A T sl X5 ¥eT 3t 1 255 TR o, A
TPk 5, F-IBI 46 £ AR A8 58 FIF F-
IBI F5E00T- i 5 E Tnf b 55 B 14 Tl 3t i 2, 435 SR 3R W]
5 Sy b Bl f A A AL T 22K, s
RS A3 A XK R T ARG | K ARG e 45 1 4
RIS 2T B A M F Y R B F-IBL{H 5 COD ik
FE S R LR S K TS 2 SR DG D
H K AR I 58 114 e A s i 2 e 1 it K A
VISR, NI RZ MR T 7K A S R R BL . A
5T F-IBL 5 LA /K S804 T i A OCHE, db
ST ARSI Ry A A IR LR I 48 0] (b 5 7
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