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Fig. 1 Sampling points of the water source area of the Western Route of South-to-North Water Transfers Project
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Fig.2 Composition of benthic macroinvertebrates communities in the water source area of the Western Route Project at different time periods
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Tab. 1 Biodiversity indices and biological parameters in the water source area of the Western Route Project at different periods

HEWEEL I (5=48) AR (5=25) P
Shannon-WienerZ #4515 41 1.18+0.06 1.40+0.11 0.073
Margalef: & EEHEL 0.71+0.06 0.79+0.09 0.428
Pielouy~J & 1544 0.16+0.01%* 0.22:£0.02%* 0.001

%%/ (indem ) 78.69£10.04%* 25.27+4.11%% 0
At/ (gom ) 1.41£0.28 1.42+0.32 0.985

T RPEAES “FIEERIERE” 5 *4p<0.05; **4p<0.01; SHFEASL.

R2 REWNALIEKEXEBENIFIE ANOVA AL ELLR
Tab.2 ANOVA analysis and multiple comparisons of the impact of flow velocity on benthic macroinvertebrates
in the water source area of the Western Route Project

- ‘bﬁiﬁ}# FE S SrAEIT/ Shannon-Wiener Margalef Piclou %E{ ﬂi%:ﬁ/
(mes™) 4 A4 LRV FEERE WSS (indem?) (gem”)
0=<v<0.3 26 5.38+0.56" 1.04+0.09 0.59+0.08" 0.140.01 72.35:11.06  1.08£0.23
Wy 0.3<v<0.5 12 6.9240.71° 1.37+0.09 0.79+0.10" 0.18+0.01 66.33+15.41  1.23+0.29
=05 10 7.90+0.95" 1.3340.13 0.92+0.13" 0.18+0.02 110.03£33.95  2.50+1.15
0<v<0.3 14 4.14+0.48 1.09+0.14 0.49+0.07 0.17+0.02 20.19+6.13 0.75+0.30
E [ 0.3<v<0.5 5 7.20+0.97 1.7140.12 0.97+0.15 0.27+0.02 25.60+7.03 2.06+1.15
=05 6 9.50+0.85 1.86+0.06 1.3340.13 0.29+0.01 36.8346.13 2.46+0.40

T R EE CPIEEARIERS); a, WAL 22 bR, MlaZH BB 5o U 2 A7 W35 22 5, 5 A IF] 7= - R 2 2 W O W 2 5

2.4 B EAKR RS AR E T KA (P 3), IR HIIIASF 23 X0 25 AL S5 b 14 1 LK
EEXAN R LS Ah, il MR BT ORI TR (R 4) o CCA HEF 4R B, K
JiE (CCA) M S ARFM Bl 5 HOAKSCH 774 XN DL Rlous T 7K SCIA 7 4 i 1oy A2 AN [s), -
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Tt S A BORH DG, JHEAE U A X 0N s O i
(Athericidae) . Y2 EF(Drunella) . #J%F(Gammarus)

5K IR B SO, HOE FR AR BN . T
IR DR LR S 2 D B A 2R T, 25 (I S ol X JEE It
0Pl -2 SRR

®3 KERNALLIRKEXRENIFATH ANOVA SRS B

Tab.3 ANOVA analysis and multiple comparisons of the impact of water depth on benthic macroinvertebrates

in the water source area of the Western Route Project

- IKIRH/ FERBU 4328900/ Shannon-Wiener Margalef Pielou R/ 7y
m A A ZREVERREL FE B 5 BEFRAL (indem™) (gem™)
0<H<0.2 25 6.16£0.61 1.1840.10 0.69+0.08 0.16+0.01 100.30£15.53°  1.42+0.25"
TR 0.2<H<0.4 13 6.9240.74 1.25+0.08 0.79+0.10 0.17+0.01 71.14£16.51°  2.05£0.91°
0.4<H<0.6 11 5.36+1.01 1.00£0.17 0.58+0.14 0.13+0.02 31.45+9.08" 0.54+0.15"
0<H<0.2 6 7.331.20 1.64+0.09 0.99+0.19 0.26:0.01 39.61£12.33 2.80£0.99°
FETIH 0.2<H<0.4 11 5.18+0.82 1.270.17 0.65+0.13 0.20+0.03 19.91:4.00 1.01£0.34°
0.4<H<0.6 8 6.25%1.16 1.39+0.24 0.8240.18 0.22:£0.04 21.88+6.19 0.95+£0.32°

T R BB CRBEEPRMERS ); a\ b 22 53bR N, MlaZH B0l S oA BB 2 A 3% 22 57, S AT [a) T RER (B2 2 9] G @ 35 22 5

CCA Plot

CCA 2 (34.95%)

CCA 1 (59.31%)
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Fig.3 CCA ordination diagram of benthic macroinvertebrates dominant

species and hydrological factors in the water source area

of the Western Route Project
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Tab.4 Hydrological factor weighted averages of macroinvertebrate

dominant species in the water source area of the Western Route Project

AL W JKIR m FiH/ (mes )
FYUF(Gammarus) 0.30£0.16 0.54+0.22%*
/NEE(Ephemerella) 0.35£0.17 0.38+0.21*
ZYRIF (Drunella) 0.24+0.15 0.53£0.21*
JAWF (Heptagenia) 0.32+0.15 0.360.19
1 Perlidae) 0.32+0.13 0.51£0.22%*
Ji B A1 W (Nemouridae) 0.28+0.16* 0.62:£0.27*
P (Athericidae) 0.31£0.19 0.48+0.22

T RPEUER PIELIRAER” 5 5 PREA AT I0p < 0.05; **fi5 5
FEAR R p < 0.01
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Fig. 4 Habitat suitability curves of benthic macroinvertebrates dominant species in the water source area of the Western Route Project
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Abstract: The Western Route of the South-to-North Water Transfers Project represents a vital strategic initiative
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aiming at alleviating water scarcity in the Yellow River basin and northern China. Despite being in the planning and
evaluation phase, establishing ecologically sustainable flow targets for rivers in the water source area remains a
critical and challenging aspect of water diversion planning. In recent years, researchers have utilized the sensitive
responses of benthic macroinvertebrates to hydrological conditions as indicators for determining ecological flow
targets. However, there has been limited investigation into benthic macroinvertebrates in the water source area of the
Western Route Project, with only a few studies conducted in distant locations such as the Yalong River and Dadu
River, far from the proposed dam sites. To address this gap and explore the community structure of benthic
macroinvertebrates while identifying suitable hydrological conditions in this region, two extensive surveys were
conducted during both flood and non-flood seasons in 2022.

Variations in benthic macroinvertebrate biological indices under different flow rates and water depths was
analyzed using one-way analysis of variance and canonical correspondence analysis. Additionally, the research
assessed the relationships between dominant benthic macroinvertebrate species and hydrological factors,
determining optimal hydrological conditions and suitable ranges for dominant species using weighted averaging.
Significant differences between optimal values and mean values of habitat factors were determined through a two-
tailed #-test, while habitat suitability curves for dominant species were constructed using habitat simulation methods.

The results revealed the presence of 50 genera of benthic macroinvertebrates in the two surveys, with the class
Insecta dominating the community, constituting 90.20% of the total taxon. The dominant species varied temporally,
with Heptageniidae sp. dominating during the flood season ( ¥Y=19.9% ) , and Perlidae sp. dominating during the
non-flood season ( ¥Y=13.8% ) . Temporally, higher biological density was observed during the flood season, while
higher biodiversity and species evenness were noted during the non-flood season. Spatially, biodiversity and
biological density were significantly higher in the upper-route of the diversion project compared to the lower-route.
Significant differences in species richness and the Margalef diversity index were observed among different velocity
intervals within the 0-1.0 m/s range, with the highest number of species and various biodiversity indices found in the
0.5 to 1.0 m/s range during both flood and non-flood periods. Similarly, significant differences in biomass were
observed between different depth intervals within the 0-0.6 m range, with the highest benthic macroinvertebrate
density recorded in the 0-0.2 m interval. Targeting seven dominant species in the water source area, suitable
hydrological conditions were determined to be a water depth of 0.2-0.4 m and flow velocity of 0.3-0.6 m/s using
habitat suitability simulation methods.

In conclusion, during the survey period, 50 genera of benthic macroinvertebrates were recorded in the water
source area of the Western Route Project, with Insecta being the dominant group, particularly Heptageniidae sp.
during the flood season and Perlidae sp. during the non-flood season. Temporally, higher biological diversity and
species evenness were observed during the non-flood season, emphasizing the importance of ecological base flow
protection during this period to maintain river biodiversity. Spatially, benthic biological diversity and density were
higher in the upper scheme water diversion sections compared to the lower scheme water diversion sections. The
recommended suitable ranges for water depth and flow velocity for dominant species of large benthic animals in the
water source area rivers were determined to be 0.2-0.4 m and 0.3-0.6 m/s, respectively. These findings can
contribute valuable insights for simulating and evaluating suitable habitats for benthic animals in the water source

area of the Western Route Project.

Key words: the Western Route of the South-to-North Water Transfers Project; water source area; benthic

macroinvertebrates; community structure; suitable hydrological conditions
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