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Ecological health assessment of the Yellow River mainstem based on benthic macroinve-
rtebrate index of biological integrity *
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Abstract: The Yellow River is the longest heavily sediment-laden river in the world, with significant spatial variation in water-sand
heterogeneity and corresponding ecological health. In this paper, based on the systematic survey data on benthic macroinvertebrates
from 44 sections of the mainstem of the Yellow River in the spring and autumn of 2019, we constructed a system for evaluating the
biological integrity of the Yellow River’s benthic macroinvertebrates. This system incorporated the ASPT index indicative of the
changes in water-sand processes and the relative abundance of individuals in the EPT taxonomic unit, and the scores of the refer-
ence point and the impaired point differed significantly, which was suitable for the evaluation of ecological health of a heavily sedi-
ment-laden river. The results of the evaluation showed that the proportion of sections in the Yellow River mainstem in a sub-healthy
state or above was higher in autumn (75.0% ) than that in spring (54.5% ). The benthic macroinvertebrate index of biological in-
tegrity tended to decrease from the source area downstream. The benthic biotic integrity values of sections in the reservoir area were
lower than those of the adjacent natural river sections. Regression analysis showed that the benthic index values of biological integri-
ty of the Yellow River mainstem were negatively correlated with salinity, total nitrogen, urban and agricultural land use, and posi-
tively correlated with forest land and grassland use. This study can provide a scientific basis for the evaluation, protection and man-
agement of the ecological health of the Yellow River.
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Fig.1 Distribution of sampling sections in the Yellow River mainstem
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Fig.2 Composition of benthic species in the Yellow River mainstem in spring and autumn
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Fig.3 Evaluation of benthic index of biological integrity in the Yellow River mainstem
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Fig.5 Linear regression of B-IBI scores, environmental factors and land use
proportion inthe Yellow River mainstem in spring and autumn
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Attached Tab. | Detailed information of sampling sections in the Yellow River mainstem
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Attached Tab. [l Candidate biological parameters of B-IBI index system
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Attached Tab.IIl Distribution range of 30 alternative parameter values at spring reference points
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M11 BHMH 73 B e MR AR X 32 0.16 0.15 0.00 0.40 0.00 0.16 0.23
M12 B > F BT AR B 0.02 0.03 0.00 0.08 0.00 0.00 0.00
M13 RIS NS TR PO ) 3 0.47 0.29 0.18 1.00 0.23 0.46 0.50
M14 TR R I3 S BT A AR X 2 0.46 0.31 0.10 1.00 0.23 0.45 0.50
M15 B PE T AR T 0.17 0.21 0.00 0.44 0.00 0.00 0.42
M16 EPT 4328 ST AMARAH N F B 0.28 0.26 0.00 0.68 0.06 0.18 0.47
M17 USRI KT 1.80 1.17 1.00 4.00 1.00 1.00 2.00
M18 i 75 24 73 28 B T A AAE 0 = 0.22 0.21 0.00 0.49 0.00 0.18 0.44
M19 BI 14 4.56 1.65 2.97 6.98 3.18 358 6.12
M20 FBI i 5.38 1.31 3.80 6.98 4,01 5.43 6.68
M21 BMWP $5%k 42.60 19.66 15.00  75.00 34.00 40.00 49.00
M22 ASPT #5310 5.07 1.26 3.00 6.25 425 5.71 6.13
M23 JEREA YR 0.02 0.03 0.00 0.08 0.00 0.00 0.03
M24 o Er ] B AR 0.34 0.13 0.18 0.48 0.18 0.42 0.45
M25 WSO N AR R = 0.52 0.17 0.32 0.82 0.43 0.44 0.58
M26 TR B AU 0.10 0.12 0.00 0.34 0.00 0.08 0.10
M27 i E AR R 0.27 0.10 0.16 0.43 0.18 0.23 0.34
M28 Shannon-Wiener % £ 14 %t 2.45 0.39 1.85 291 2.24 2.45 281
M29 Margalef £ & £ a4 0.88 0.24 0.52 1.28 0.81 0.89 0.92
M30 Pielou 345 5 %k 1.20 0.08 1.15 1.35 1.15 1.17 1.18
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Attached Tab.IV Distribution range of 30 alternative parameter values at autumn reference points

5%

75%

RS R EL Wi RdEE RAME mOKME R A 4 »

ZANDA AR

M1 SAFREIEL 8.40 476 2.00 16.00 6.00 7.00 11.00
M2 Il H 23 2 B TR 1.60 1.36 0.00 3.00 0.00 2.00 3.00
M3 B H oy K508 0.60 0.80 0.00 2.00 0.00 0.00 1.00
M4 B H IO 0.20 0.40 0.00 1.00 0.00 0.00 0.00
M5 XU H 4y 08 2.80 2.48 0.00 7.00 1.00 2.00 4.00
M6 RRISCRL 7 K0 2.20 1.60 0.00 4.00 1.00 2.00 4.00
M7 BRI KBTI 1.00 0.63 0.00 2.00 1.00 1.00 1.00
M8 EPT 43803 2.40 2.06 0.00 5.00 0.00 3.00 4.00
M9 PR 53 2 T RAR S T B 0.70 0.18 0.46 1.00 0.65 0.67 0.76
M10 W 4y FE B TR X 2 0.16 0.17 0.00 0.38 0.00 0.08 0.35
M11 Tl 73 S S0 AR R =R 0.02 0.04 0.00 0.10 0.00 0.00 0.02
M12 FIH 4y F B TCAMAA X 0.00 0.01 0.00 0.02 0.00 0.00 0.00
M13 XA H 73 S8 T0A AR R = 0.47 0.37 0.00 0.93 0.13 0.43 0.86
M14 FEACRH BT A O X 0.46 0.37 0.00 0.93 0.13 0.43 0.83
M15 HBR LRI F 0.08 0.09 0.00 0.25 0.02 0.02 0.11
M16 EPT 4r 2 50 AMA AR = B 0.19 0.20 0.00 0.48 0.00 0.09 0.37
M17 URERE T R T 1.40 1.36 0.00 3.00 0.00 1.00 3.00
Mm18 i 75 2R3 73 28 S T A AE N = B 0.14 0.11 0.00 0.26 0.02 0.15 0.25
M19 BI {4 4.65 1.23 3.39 6.78 3.60 4.36 5.13
M20 FBI & 5.41 0.87 4,01 6.75 5.24 5.50 5.57
M21 BMWP f5%¢ 4320  26.35 8.00 81.00  23.00  41.00 63.00
M22 ASPT #5310 498 1.25 3.29 6.83 4.00 5.06 5.73
M23 PR EAMRARR F 0.07 0.08 0.00 0.20 0.00 0.00 0.14
M24 i+ T B E AR 0.14 0.13 0.00 0.37 0.04 0.12 0.19
M25 AR A AR R 0.50 0.25 0.24 0.87 0.25 0.41 0.71
M26 BN R 0.23 0.27 0.02 0.75 0.06 0.10 0.20
M27 i AR R = B 0.04 0.08 0.00 0.19 0.00 0.00 0.01
M28 Shannon-Wiener 2 #4484 2.06 0.74 0.81 3.06 1.85 2.17 2.39
M29 Margalef £ & £ i £ 1.01 0.50 0.27 1.72 0.82 0.85 1.38
M30 Pielou 5] BE4R %L 1.10 0.21 0.78 1.33 0.95 1.17 1.28
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Attached Tab.V Spearman correlation analysis of alternative parameters in spring

i Av n RE M1 M19 M22 M28 M29
r 1
M1 44
p
r -0.29 1
M19 44
P 0.051
r 0.49 -0.68 1
M22 44
P 0.024 <0.001
r 0.91 -0.41 0.57 1
M28 44
P <0.001 0.004 0.011
r 0.97 -0.33 0.55 0.93 1
M29 44
P <0.001 0.023 0.011 <0.001
MR VI #kZ=4% 1%k S5 Spearman FRAH I 4 #T
Attached Tab.VI Spearman correlation analysis of alternative parameters in autumn
TRP AR n R M1 M16 M19 M22 M28 M29
r 1
M1 44
P
r 0.33 1
M16 44
P 0.013
r 0.05 0.37 1
M19 44
P 0.351 0.055
r 0.14 0.79 -0.57 1
M22 44
P 0.252 <0.001 0.023
r 0.72 0.14 -0.02 -0.01 1
M28 44
P <0.001 0.008 0.453 0.255
r 0.94 0.35 -0.03 0.22 0.78 1
M29 44
P <0.001 0.012 0.641 0.109 <0.001
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Attached Fig. I Box plots of the 18 candidate parameters at the spring reference and damaged points
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Attached Fig. Il Box plots of the 18 candidate parameters at the autumn reference and damaged points






