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Fig.1 Schematic diagram of sampling sections of five backbone artificial rivers in Shanghai
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Tab.1 Candidate metrics of IBI and their response to human disturbance
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Tab.2 Candidate indices of fish assemblage integrity and their results of five backbone artificial rivers in Shanghai

IVliEtfis 12 I3 L1 L2 D1 D2 D3 D4 D5 Cl Cc2 C3 C4 C5 71 72 73 74 75

M1 10 17 14 18 11 15 14 13 15 7 17 13 18 11 15 10 13 16 18 14

M2 60 64.71 57.14 66.67 54.55 80 7143 7692 46.67 85.71 70.59 69.23 61.11 63.64 60 70 53.85 68.75 7222 7143
M3 0 0 0 0 0 0 7.14 0 1333 1429 588 0 5.56 0 1333 0 1538 0 0 0

M4 0 0 0 0 0 0 0 0 6.67 1429 0 1538 5.56 18.18 1333 0 0 0 0 7.14
M5 20 17.65 14.29 11.11 18.18 1333 7.14 1538 6.67 0 588 7.69 5.56 0 0 10 1538 12,50 11.11 7.14
M6 10 11.76 1429 556 18.18 0 0 0 1333 0 588 7.69 11.11 27.27 1333 10 7.69 625 11.11 1429
M7 10 588 7.14 556 9.09 6.67 7.4 833 6.67 0 588 7.69 11.11 9.09 6.67 10 769 625 556 7.14
M8 10 588 21.43 16.67 9.09 0 7.14 0 6.67 0 11.76 1538 11.11 18.18 13.33 10 7.69 1250 556 7.14
M9 30 2941 3571 50 3636 5333 50 53.85 26.67 42.86 29.41 46.15 27.78 36.36 26.67 40 23.08 37.50 44.45 35.71

M10 30 35.29 28.57 2222 36.36 26.67 3571 23.08 20 28.57 23.53 30.77 33.34 4545 40 30 30.77 37.50 27.78 42.86

MI11 40 3529 3571 27.78 2727 20 1429 23.08 53.33 28.57 47.06 23.08 3889 18.18 33.33 30 46.15 25 27.78 2143

M12 0 1176 7.14 556 O 0 0 0 6.67 0 588 1538 556 0 6.67 0 0 1250 0 0

M13 100 8824 9286 94.44 100 100 100 100 93.33 100 94.12 84.62 94.44 100 9333 100 100 87.50 100 100

M14 0 58 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0

M15 1.68 1.86 202 139 215 147 152 155 1.82 053 205 164 1.11 085 141 182 158 1.60 208 1.79

M16 40 3529 3571 44.44 3636 40 42.86 38.46 46.67 100 5294 46.15 50 18.18 60 40 53.85 25 3333 42.86

M17 50 5294 57.14 50 63.64 46.67 50 53.85 46.67 0 2941 46.15 38.89 54.55 26.67 60 3846 50 50  42.86

MI18 10 11.76  7.14 556 0 1333 7.14 1538 6.67 O 17.65 7.69 11.11 2727 1333 0 7.69 25 16.67 14.29

M19 70  64.71 78.57 77.78 63.64 66.67 7143 61.54 53.33 42.86 70.59 69.23 7222 9091 80 50 46.15 81.25 77.78 85.71

M20 30 3529 2143 2222 36.36 3333 28.57 38.46 46.67 57.14 29.41 30.77 27.78 9.09 20 50 53.85 18.75 2222 14.29

M21 50 70.59 64.29 7222 7273 80 7143 76.92 66.67 85.71 76.47 69.23 61.11 5455 7333 60 6923 62.50 55.56 57.14

M22 10 11.76 1429 556 9.09 6.67 1429 7.69 0 1429 588 69.23 11.11 9.09 6.67 20 769 625 556 7.14

M23 30 11.76 14.29 16.67 9.09 6.67 7.14 0 1333 0 11.76 69.23 16.67 18.18 13.33 10 1538 25 27.78 2143

M24 10 588 7.14 556 9.09 6.67 7.14 1538 20 0 5.88 69.23 11.11 18.18 6.67 10 7.69 6.25 11.11 1429

M25 96 286 178 647 104 700 429 423 226 651 243 340 484 456 138 109 181 165 236 399

M26 48.96 5245 8596 32.46 69.23 94.14 4732 19.15 16.81 691 4691 25.88 17.98 20.83 45.65 67.89 42.54 43.03 75 73.68

M27 51.04 47.55 14.04 67.54 30.77 5.86 52.68 80.85 83.19 93.09 53.09 74.12 82.02 79.17 54.35 32.11 57.46 5697 25 16.29

M28 0 0 0 0 0 0 0 0 0 1.54 0 0 0 0 0 0 0 0 0 0

M29 0 0 6.67 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0
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Tab.3 Candidate indices of fish assemblage integrity and their results of five backbone artificial rivers in Shanghai

Jifis 2 13 L1 L2 D1 D2 D3 D4 D5 Cl Cc2 C3 C4 G5 71 72 73 74 75
Ml 19 15 17 17 13 18 11 10 18 7 8 11 15 17 23 8 15 16 11 20
M2 73.68 66.67 70.59 76.47 76.92 83.33 72773 50 72.22 42.86 62.50 4545 60 58.82 6522 75 73.33 68.75 9091 75
M3 10.53 13.33 17.65 11.76 1538 0 9.09 10 0 0 0 9.09 13.33 5.88 8.70 0 6.67 1250 0 10
M4 0 0 5.88 0 0 0 0 0 556 0 0 0 6.67 11.76 8.70 0 0 0 0 5
M5 10.53 13.33 17.65 11.76 1538 O 9.09 10 0 0 0 9 13.33 5.88 8.70 0 6.67 1250 0 10
M6 526 6.67 O 5.88 0 556 0 0 11.11 2857 0 2727 1333 17.65 17.39 0 6.67 1250 0 10
M7 526 6.67 588 588 7.69 556 9.09 10 556 1429 1250 9.09 6.67 5.88 435 1250 6.67 625 9.09 5
M8 10.53 13.33 5.88 0 0 0 0 10 1111 0 1250 9.09 6.67 17.65 17.39 0 0 0 0 5
M9 28.57 40 2941 4375 46.15 57.89 2727 40 44.44 1429 37.50 27.27 26.67 29.41 25 25 46.67 25 3637 42.11
M10 33.33 26.67 3529 1875 30.77 21.05 4545 20 22.22 28.57 37.50 18.18 33.33 29.41 37.50 50 20 37.50 54.55 26.32
MI11 31.58 33.33 3529 3529 23.08 2222 27.27 40 33.33 57.14 25 5455 40 41.18 4348 25 33.33 3750 9.09 35
MI12 10.53 13.33 11.76  5.88 15.38 16.67 0 10 11.11 0 1250 0O 0 11.76 435 0 0 625 0 0
M13 89.47 86.67 88.24 94.12 84.62 8333 100 90 88.89 100 87.50 100 100 88.24  95.65 0 100 93.75 100 100
M14 476 6.67 5.88 6.25 0 526 0 0 556 1429 0 9.09 0 0 6.25 0 0 0 0 0
M15 1.74 221 236 190 202 129 121 181 080 008 174 1.65 1.87 2.10 243 201 190 206 1.77 2.66
M16 61.90 40 3529 47.06 38.46 38.89 4545 50 50 4286 62.50 36.36 46.67 5852  39.13 6250 40 56.25 4545 35
M17 36.84 53.33 5294 47.06 38.46 44.44 4545 50 4444 57.14 25 5455 40 41.18  47.83 25 46.67 37.50 4545 45
M18 476 6.67 0 5.88 23.08 16.67 9.09 0 556 0 1250 9.09 13.33 5.88 13.04 1250 1333 6.25 9.09 20
M19 78.95 73.33 70.59 70.59 84.62 7222 63.64 60 7222 42.86 62.50 54.55 66.67 8235 7391 62.50 73.33 62.50 81.82 80
M20 21.05 26.67 29.41 29.41 1538 27.78 3636 40 27.78 57.14 37.50 4545 3333 17.65 26.09 37.50 26.67 37.50 18.18 20
M21 68.42 66.67 64.71 64.71 76.92 61.11 5455 70 7222 57.14 75 72773 66.67 58.82  60.87 62.50 80 75 63.64 70
M22 15.79 13.33 11.76 11.76  7.69 16.67 18.18 0 556 0 1250 O 6.67 11.76 8.70 1250 6.67 6.25 18.18 5
M23 10.53 13.33 11.76 17.65 7.69 16.67 18.18 0 556 1429 0 9.09 20 11.76 1739 25 0 12.50  9.09 15
M24 526 6.67 11.76 588 7.69 556 9.09 30 16.67 28.57 12.50 18.18 6.67 17.65 13.04 0 1333 625 9.09 10
M25 295 69 56 686 59 554 502 97 388 2295 56 202 195 137 46 62 391 72 59 108
M26 50.51 81.16 69.64 86.73 72.88 85.02 33.47 51.55 26.80 0.26 30.36 56.44 71.79 83.21 52.17 38.71 82.86 58.33 59.32 87.04
M27 49.49 18.84 30.36 13.27 27.12 1498 66.53 48.45 73.20 99.74 69.64 43.56 2821 16.79 47.83 61.29 17.14 41.67 40.68 12.96
M28 0 0 0 0 0 0 0 0 0 175 0 0 0 0 0 0 0 0 0 0
M29 6.25 833 7.69 6.67 0 5.88 0 0 6.67 0 0 9.09 0 0 0.06 0 0 0 0 0
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Fig. 2 Box—plots of 9 candidate metrics for index of biotic integrity based on
fish of five backbone artificial rivers in Shanghai
x4 LEBSEET AR MEIEIEFRE Pearson 18X R &
Tab. 4 The correlation coefficients of Pearson test between candidate metrics
of five backbone artificial rivers in Shanghai
M1 M9 M1l M15 M16 M18 M19 M20 M25
M1 1
M9 0.123 1
M11 0.100 -0.640 1
M15 0.417 0.001 0.016 1
M16 -0.258 -0.156 0.096 -0.240 1
M18 0.245 0.198 -0.303 0.119 -0.425 1
M19 0.507 0.260 -0.463 0.322 -0.407 0.572 1
M20 -0.507 -0.260 0.463 -0.322 0.407 -0.572 -1 1
M25 -0.216 -0.050 0.190 -0.731 0.033 -0.194 -0.327 0.327 1
x5 LiESEEFTALARF-IBIERME R ZERRERE

Tab.5 Scoring criteria of fish assemblage integrity of five backbone artificial rivers in Shanghai

$5h5 IR CGEIIT 1-37) W EFRE Scoring criteria

Metrics Expectation (Huangpu River) 1 3 5
M1 30 <15 15~23 >23
M9 30.23 <15.11 15.11~22.67 >22.67
M11 46.51 >69.77 58.14~69.77 <58.14
M15 2.56 <1.28 1.28~1.92 >1.92
M16 32.56 >48.84 40.70~48.84 <40.70
M18 20.93 <10.47 10.47~15.69 >15.69
M19 81.40 <40.70 40.70~61.05 >61.05
M25 590 <295 295~443 >443
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Fig. 3 Assessment grade of health status of each section of five backbone artificial rivers in Shanghai in summer
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Fig. 4 Assessment grade of health status of each section of five backbone artificial rivers in Shanghai in autumn
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Ecological health assessment of five backbone artificial rivers of the
Huangpu River in Shanghai based on fish index of biotic integrity

GAO Minjia', CHEN Zhenfeng', ZHANG Yanyan', GONG Long’, ZHANG Ya'?, TANG Zhen', ZHAO
Zhenguan', TANG Wenqiao"’

(1. Shanghai Universities Key Laboratory of Marine Animal Taxonomy and Evolution, Shanghai Ocean University, Shanghai
201306, China; 2. Shanghai Municipal Bureau of Ecology and Environment, Shanghai 200003, China; 3. Key Laboratory of
Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean University, Shanghai
201306, China)

Abstract: To have a comprehensive understanding towards the current status of ecosystem of five backbone
artificial rivers of the Huangpu River in Shanghai, the fish biological integrity index (F-IBI) evaluation
method was adopted to evaluate the health of water ecosystem of the artificial rivers. Professional fishing boats
were rented to collect the sample fishes at 20 sections of the five rivers in June (summer) and November
(autumn) of 2021, and 10 092 fish specimens were obtained, belonging to 8 orders, 17 families, 45 genera
and 60 species. Taking the upper stream of the Huangpu River as the reference point, 29 primary indicators
in five categories were initially set. In accordance with distribution range screening, judgement screening
capability and correlation test, the F-IBI evaluation system composed of 8 indicators was constructed. The
results show that Jinhui Port and Longquan Port are in state of “Good” or “Average” ; there are significance
spatial differences in Dazhi River, Chuanyang River and Dianpu River, ranging from “Poor” to “Good”. In
summer, there were 14 sampling points in status of “Average” , and 3 sampling points were in status of
“Good” or “Poor” respectively; in autumn, there were 11 sampling points in status of “Average”, 5 sampling
points were in state status of “Good” and 4 sampling sites were in status “Poor”. The health of the
downstream of the five artificial rivers is basically better than that of the upstream, but generally it is more
uniform than that of Suzhou River, the natural tributary of the Huangpu River flowing through the central
urban area of Shanghai. These results provided the reference for the environmental management of the five
backbone artificial rivers of the Huangpu River in Shanghai.

Key words: The Huangpu River; large artificial tributaries; fish biotic integrity index; water ecosystem;

health assessment
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Appendix Fish species composition and ecological habits of five backbone

artificial rivers of the Huangpu River in Shanghai

94
il RSOE W fm RAKT BHRGH MOKR Lo
Fi 4 Species Jinhui Longquan  Dianpu  Chuanyang . Ecological Trophic  Habitat St Body
K X X N Dazhi Survivability
River River River River Ri type structure layer type
iver

#EJE H Clupeiformes
#F} Engraulidae

1. JI85% Coilia nasus + + + + + iz A
4 H Anguilliformes
HBAHRL Anguillidae

2. HAB Anguilla japonica + W e
#2J% H Cypriniformes
#8R} Cyprinidae

3.9 M 'ylopharyngodon piceus + K AT
4. %iffs Ctenopharyngodonidella + RIK e
5. R HR fiE N
IR . Wk et
Squaliobarbus curriculus
6. MG Culter alburnus + + + + + oK Wt
73K CHH Culter dabryi + + + + + K T
8.5 fifl Culter mongolicus + + + + wK AT
9.3k 1) Culter oxycephalus + + K A
10. 2168 i fif) e )
Cultrichthys erythropterus * * HK Wt
118 Hemiculter leucisculus + + + + + RIK 2t
12. WG Hemiculter bleekeri + + + + + RIK et
13.1j Megalobrama skolkovii + RIK T
14, F1 3 o ,
Megalobrama amblycephala * HK et
15. i Parabramis pekinensis + + + + + wRK R
16.Lfif; Toxabramis swinhonis + + RIK REM
5] W) fi N
- i — + + + + WK JREN
Distoechodon tumirostris
18. i Pseudobrama simony + + + + + K Ze B
il pris
19. 'Hﬁ”f A Xenocypris + + + + Wk etk
microlepis
20. 4R 4 Xenocypris argentea + + + RIK Itk
21. ¥ R Xenocypris davidi + RIK FEMH
22 fi s Aoy
Hypophthalmichthys molitrix * * * * HK ARt
23. 8 Aristichthys nobilis + + K A
24 WALt Abbottina rivularis + Rk AT
25 bR N
Fee + + + + WKk HEM
Hemibarbus maculatus
26. 2 G .
7 + wok Rtk
Pseudorasbora parva
27. W) Rhinogobio typus + + + + + RIK Atk
28, AL Squalidus argentatus + WK et
29. WEEH Saurogobio dabryi + + + K B

30. K fi

Saurogobio dumerili

+ Rk ZE

JEE - PERUER

HrE B PN
FRE S RERUER K
b= B H
bR B h
bR U +
AN TR H
bz R T
AN TR T
HmhE S hERUE b
R hEEE N
= U +
R TR H
R TR H
hRE hEEE N
bz TR T
FrE 1975 /N
TRE S hEEE b
TRE hEEE
JRE S TERE T
hRE hEEE K
LR RERUER K
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44 Species Jinhui Longquan  Dianpu  Chuanyang . Ecological Trophic  Habitat St Body
. . . . Dazhi Survivability
River River River River R type structure layer type
River
31 4¢H N )
i b Bk AfH R HE
Sarcochetlichthys sinensis
32. bk N .
R bWk REEE R W&
Sarcocheilichthys nigripinnis
33. KEENF N
[ b . f e Wk MR RER BB A
Acheilognathus macropterus
34. 2618 y ,
i . bWk MifHE BER s A

Acheilognathus chankaensis

35. %A%

Acheilognathus macropterus

+ WKk et Wbz TR /N

36. FEBEEY Rhodeus sinensis + wRIK e T2 U /N
37. At .
o IR + Wk MRt PFER B
38. 8l Carassius auratus + + + + + K rEM T2 (R G
39.4 Cyprinus carpio + + + + RIK A K2 i 355 PN
40. FEHIEW B Labeo rohita * + RIK BN K2 s G
41, Ay pE i S - -
Cyprinus carpio haematopterus * * * * * K ARttt ez fif 75 ES
Bk Rt Cobitidae
42, K f5k w1 e i 8 . -
ParZEnﬁf:qu{):ﬁudeubryanus * * oK ARBTE = i 15 b
43, ek N Sl - -
Misgurnus anguillicaudatus * * * K ARt IRz it 15 b
fifif2 H Siluriformes
%%} Bagridae
44. T y -
Pelteofizgrus Sulvidraco * * * * * K Wt ez i1 i
45 LR y
Pelli’lgbfgri) nitidus * * * * * 2 Wt ez fif 5 b
46. KA {0 y . .
4o 1 e s Yok mER R PEEUE b
5%} Siluridae
47 Silurus asotus + wRK A K2 5 N
L Ictaluridae
5
48 L L TEl P Wk mEE RE B Kk
Ictalurus punctatus®
B H Mugiliformes
EfRF Mugilidae
49 fiffs Mugil cephalus + + + + + PE Tk K2 FHURK N
50.4%8 Liza haematocheilus + b JeEE K2 U h
1840 H Synbranchiformes
A48l Synbranchidae
51. ¥ 5% Monopterus albus + K FEtE il ifif i G
i1 H Perciformes
#EF} Moronidae
52. A . )
e s + PooWn mERE RFR HE Xk

Lateolabrax maculatus
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44 Species Jinhui Longquan  Dianpu  Chuanyang . Ecological Trophic  Habitat St Body
. . . . Dazhi Survivability
River River River River R type structure layer type
River
Y IEERL Odontobutidae
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Odontobutis potamophila
#aF} Callionymidae
54. 7785 Callionymus olidus + bps A K2 o AR 7N
fi#F} Channidae
55. 5fi# Channa argus + + + + Rk e IS ity N
IR tf R} Gobiidae
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Rhinogobius giurinus
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Odontamblyopus lacepedii
#R} Sparidae
58. 28 Acantho pagrus + i A JEJZ iy5 H
&kl Scatophagidae
59. 4kl Scatophagus argus + bE s e IS R Rk 7N
R} Hemirhamphidae
60. [ T~ 4 ;
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Hyporhamphus intermedius
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Notes: * Exotic species.
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