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Abstract: Lake Fuxian, the largest deep freshwater lake in China in terms of water storage capacity, has experienced a decline in water level since
2010 due to reduced inflow and other factors, which has adversely affected the natural reproduction of its indigenous fish species. To protect the
rare fish resources and biodiversity of Lake Fuxian and ensure the healthy and sustainable development of its ecosystem, it is imperative to determine
an appropriate ecological water level that facilitates the protection and restoration of the habitats of its endemic fish species. This study focused on
Anabarilius grahami, an endemic fish species of Lake Fuxian, which was taken as the target species for analysis. Based on the habitat requirements
of Anabarilius grahami during its growth period, three critical habitat factors were identified: water temperature, flow velocity, and dissolved
oxygen (DO). Considering Lake Fuxian’s characteristics as a deep lake, a three-dimensional hydrodynamic and water quality model was established
using the Environmental Fluid Dynamics Code (EFDC). The Vertical Cumulative Weighted Usable Area (VCWUA), tailored for deep lakes, was
proposed, and the habitat simulation method was employed to calculate the suitable ecological water level for Lake Fuxian and evaluate its feasibility.
The study obtained several key findings: 1) The spatial distribution characteristics of the Suitability Index (SI) for the three key habitat factors—
water temperature, flow velocity, and DO—exhibit differences. The SIs for water temperature and flow velocity show minimal variations at different
depths and have little impact on the comprehensive Habitat Suitability Index (HSI). However, the SI for DO decreases significantly when the water
depth exceeds 15 meters, which is the main factor affecting the vertical distribution of suitable habitat space. 2) Under different water level schemes,
the variation trend of the Weighted Usable Area (WUA) in the living space (0-20m underwater range) of Anabarilius grahami is consistent. As the
water depth increases, the WUA first increases and then decreases, reaching its peak at a water depth of 15 meters. 3) By analyzing the relationship
between the water level of Lake Fuxian and the VCWUA of Anabarilius grahami, it was found that the VCWUA first increases and then decreases
with the rise of water level. The target value of the suitable ecological water level corresponding to the maximum value of the curve is 1722.29 m.
Considering the predictions of water level changes driven by climate change and human activities, as well as the scale of water diversion projects
implemented in the Lake Fuxian basin, this target water level is deemed achievable.
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Fig.1 River system and monitoring stations in Lake Fuxian basin
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Fig.2 Annual average water level of Lake Fuxian and annual production of Anabarilius graham, 1954-1977
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Fig.3 Grids of the three-dimensional hydrodynamic and water quality model for Lake Fuxian
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Fig.7 Habitat suitability curve of key habitat factors for Anabarilius graham
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Tab.2 Statistical value of suitability index of habitat factor in each layer

y FKli 3 LR R AL LIEE LR R AL VA AR SO FLRE R AL
EH KR (m) — — .
YA byt SFEIE itz SFEIE brifEZ2
1 1 0.70 0.06 0.45 0.26 0.85 0.19
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3 3 0.70 0.05 0.42 0.24 0.88 0.18
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6 7.5 0.68 0.04 0.36 0.21 0.93 0.16
7 10 0.68 0.04 0.36 0.21 0.94 0.16
8 15 0.67 0.03 0.36 0.21 0.91 0.21
9 20 0.66 0.03 0.36 0.21 0.74 0.36
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Fig.8 Water temperature suitability index distribution in different water depth
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Fig.9 Flow velocity suitability index distribution in different water depth
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Fig.10 Dissolved oxygen suitability index distribution in different water depth
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Fig.11 Habitat suitability index distribution in different water depth
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Fig.12 Calculation results of WUA in different water depths under different water level schemes
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Fig.13 Fitting relationship between water level and VCWUA
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Fig.14 Parameter sensitivity analysis results of water temperature suitability curve
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Fig.15 Parameter sensitivity analysis results of flow velocity suitability curve
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16 Parameter sensitivity analysis results of dissolved oxygen suitability curve
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Fig.17 Fitting relationship between water level and VCWUA under different scenarios of simulated dissolved oxygen correction values
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Table S1 Inflow boundary conditions of hydrodynamic water quality model for Fuxian Lake



ANRE (m¥/s)

) M e
2018 £ 01 H 0.019 0.435 0.191 0.053 0.029 0.029 0.004 0.004 0.249 0.058 0.003
2018 £ 02 A 0.023 0.514 0.226 0.063 0.034 0.034 0.005 0.005 0.295 0.069 0.003
2018 £ 03 H 0.027 0.617 0.271 0.075 0.041 0.041 0.006 0.006 0.354 0.083 0.004
2018 4F 04 H 0.032 0.740 0.325 0.090 0.050 0.050 0.007 0.007 0.424 0.099 0.005
2018 & 05 A 0.065 1.488 0.653 0.181 0.100 0.100 0.015 0.015 0.853 0.200 0.009
2018 4= 06 A 0.089 2.034 0.893 0.248 0.136 0.136 0.020 0.020 1.166 0.273 0.012
2018 407 A 0.100 2.285 1.003 0.279 0.153 0.153 0.022 0.022 1.310 0.307 0.014
2018 & 08 A 0.118 2.681 1.177 0.327 0.180 0.180 0.026 0.026 1.537 0.360 0.016
2018 4= 09 A 0.078 1.777 0.780 0.217 0.119 0.119 0.017 0.017 1.018 0.238 0.011
2018 =10 A 0.049 1.109 0.487 0.135 0.074 0.074 0.011 0.011 0.635 0.149 0.007
2018 £ 11 H 0.034 0.766 0.336 0.093 0.051 0.051 0.007 0.007 0.439 0.103 0.005
2018 F 12 A 0.021 0.486 0.213 0.059 0.033 0.033 0.005 0.005 0.279 0.065 0.003
2019 =01 A 0.007 0.903 0.043 0.246 0.008 0.017 0.002 0.002 0.146 0.034 0.002
2019 £ 02 A 0.007 0.842 0.010 0.259 0.004 0.020 0.003 0.003 0.173 0.040 0.002
2019 403 A 0.034 0.789 0.125 0.076 0.005 0.024 0.004 0.004 0.208 0.049 0.002
2019 4= 04 A 0.026 0.541 0.159 0.225 0.009 0.029 0.004 0.004 0.249 0.058 0.003
2019 £ 05 A 0.027 0.168 0.185 0.133 0.008 0.059 0.009 0.009 0.501 0.117 0.005
2019 4= 06 A 0.017 0.197 0.160 0.149 0.012 0.080 0.012 0.012 0.684 0.160 0.007
2019 407 A 0.003 0.384 0.091 0.047 0.018 0.090 0.013 0.013 0.769 0.180 0.008
2019 £ 08 A 0.008 0.075 0.077 0.049 0.029 0.106 0.015 0.015 0.902 0.211 0.010
2019 4509 A 0.007 0.253 0.105 0.108 0.022 0.070 0.010 0.010 0.598 0.140 0.006
2019 4= 10 A 0.001 0.965 0.159 0.074 0.032 0.044 0.006 0.006 0.373 0.087 0.004
2019 4 11 H 0.002 0.818 0.091 0.051 0.009 0.030 0.004 0.004 0.258 0.060 0.003
2019 F 12 A 0.002 0.461 0.041 0.044 0.020 0.019 0.003 0.003 0.164 0.038 0.002
2020 =01 A 0.002 0.303 0.052 0.246 0.007 0.065 0.009 0.009 0.555 0.130 0.006
2020 £ 02 A 0.002 0.245 0.040 0.259 0.008 0.074 0.011 0.011 0.634 0.148 0.007
2020 £ 03 A 0.005 0.192 0.034 0.076 0.009 0.092 0.013 0.013 0.788 0.184 0.008
2020 =04 A 0.001 0.140 0.043 0.225 0.015 0.110 0.016 0.016 0.944 0.221 0.010

2020 4 05 H 0.001 0.145 0.089 0.133 0.015 0.222 0.032 0.032 1.900 0.445 0.020




ANRE (m¥/s)

) M e
2020 4 06 H 0.000 0.193 0.097 0.149 0.020 0.304 0.044 0.044 2.596 0.608 0.028
2020 £ 07 A 0.003 1.130 0.444 0.047 0.023 0.341 0.050 0.050 2918 0.683 0.031
2020 £ 08 H 0.007 1.100 0.268 0.049 0.009 0.401 0.058 0.058 3.423 0.801 0.036
2020 £ 09 H 0.003 1.860 0.189 0.108 0.009 0.265 0.039 0.039 2.268 0.531 0.024
2020 4 10 A 0.001 1.470 0.138 0.074 0.010 0.166 0.024 0.024 1.416 0.331 0.015
2020 £ 11 H 0.001 0.953 0.053 0.051 0.009 0.114 0.017 0.017 0.978 0.229 0.010

2020 4 12 A 0.001 0.530 0.044 0.044 0.007 0.073 0.011 0.011 0.621 0.145 0.007
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Table S2 Outflow boundary conditions of hydrodynamic water quality model for Fuxian Lake

H 3]

HFRE (m¥/s)

BUKIE 1 BUKIE 2 KA 3 HOKM 4 HUKA 5 BUKE 6 K E 7
2018 £ 01 H 0.001568 0.007425 0.005059 0.007699 0.018242 0.051354 0.005756
2018 £ 02 H 0.001852 0.008773 0.005977 0.009096 0.021554 0.060679 0.006801
2018 £ 03 H 0.002223 0.010529 0.007174 0.010917 0.025869 0.072824 0.008163
2018 &£ 04 B 0.002665 0.012621 0.008599 0.013086 0.031008 0.087292 0.009784
2018 &£ 05 B 0.005362 0.025395 0.017301 0.02633 0.062391 0.17564 0.019687
2018 5£ 06 B 0.007327 0.034704 0.023644 0.035982 0.085262 0.240024 0.026904
2018 &£ 07 B 0.008234 0.038997 0.026569 0.040434 0.09581 0.269718 0.030233
2018 5F 08 H 0.00966 0.045752 0.03117 0.047437 0.112404 0.316433 0.035469
2018 £ 09 H 0.034722 0.000451 0.006402 0.03032 0.020657 0.031436 0.07449
2018 £ 10 A 0.003995 0.018921 0.012891 0.019618 0.046487 0.130867 0.014669
2018 £ 11 H 0.00276 0.013072 0.008906 0.013554 0.032117 0.090413 0.010134
2018 £ 12 B 0.001752 0.008299 0.005654 0.008604 0.020388 0.057396 0.006434
2019 £ 01 B 0.001546 0.007321 0.004988 0.007591 0.017988 0.050638 0.005676
2019 £ 02 B 0.001827 0.008651 0.005894 0.008969 0.021254 0.059832 0.006707
2019 £ 03 B 0.002192 0.010382 0.007073 0.010765 0.025508 0.071808 0.008049
2019 5£ 04 H 0.002628 0.012445 0.008479 0.012903 0.030575 0.086074 0.009648
2019 £ 05 H 0.005287 0.025041 0.01706 0.025963 0.061521 0.17319 0.019413
2019 4 06 H 0.007225 0.03422 0.023314 0.03548 0.084072 0.236675 0.026529
2019 %5 07 H 0.008119 0.038453 0.026198 0.03987 0.094473 0.265955 0.029811
2019 £ 08 B 0.009525 0.045113 0.030735 0.046775 0.110836 0.312018 0.034974
2019 £ 09 B 0.034722 0.000451 0.006312 0.029897 0.020368 0.030998 0.073451
2019 4£ 10 H 0.003939 0.018657 0.012711 0.019345 0.045838 0.129041 0.014464
2019 FF 11 A 0.002722 0.01289 0.008782 0.013365 0.031669 0.089152 0.009993
2019 412 H 0.001728 0.008183 0.005575 0.008484 0.020104 0.056595 0.006344
2020 £ 01 H 0.001411 0.006683 0.004553 0.006929 0.016419 0.046221 0.005181
2020 5F 02 H 0.00161 0.007624 0.005194 0.007905 0.018731 0.05273 0.005911
2020 5£ 03 H 0.002001 0.009477 0.006456 0.009826 0.023283 0.065545 0.007347
2020 £F 04 B 0.002398 0.01136 0.007739 0.011778 0.027908 0.078566 0.008806
2020 £ 05 B 0.004826 0.022857 0.015572 0.023699 0.056155 0.158084 0.01772



HATE (md/s)

I WOKE 1 WK 2 TG WK 4 TGE TOKT 6 TOGE,
2020 4F 06 A 0.006595 0.031235 0.02128 0.032386 0.076739 0.216032 0.024215
2020 £ 07 H 0.007411 0.035099 0.023913 0.036392 0.086233 0.242759 0.027211
2020 £ 08 A 0.008694 0.041178 0.028055 0.042695 0.101169 0.284804 0.031924
2020 £ 09 A 0.034722 0.000451 0.005762 0.027289 0.018592 0.028294 0.067044
2020 £ 10 A 0.003596 0.01703 0.011603 0.017657 0.04184 0.117786 0.013203
2020 £ 11 A 0.002484 0.011766 0.008016 0.012199 0.028906 0.081376 0.009121
2020 4F 12 A 0.001577 0.007469 0.005089 0.007744 0.01835 0.051659 0.00579
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Table S3 Wind boundary conditions of hydrodynamic water quality model for Fuxian Lake

JRGE JAE] R JAE] JRGE JAJE]
N i) i [6) T[]

(m/s) ®) (m/s) ) (m/s) (®)
2018 42 01 A 4.02 208.50 2019 £ 01 H 3.62 216.04 2020 4 01 A 431 213.88
2018 £ 02 A 4.34 21029 2019402 H 5.01 24233 2020 ££ 02 A 4.05 205.98
2018 £ 03 A 4.15 215.61 2019 4£ 03 A 475 231.43 2020 ££ 03 A 4.86 22423
2018 4 04 A 4.33 208.39 2019 4E 04 H 5.02 24193 2020 4E 04 A 4.06 193.98
2018 4 05 A 4.26 21433 2019405 H 4.42 216.96 2020 4F 05 A 435 227.46
2018 4 06 A 3.33 190.94 2019 4E 06 3.20 170.92 2020 4£ 06 H 4.32 227.18
2018 4 07 H 2.97 161.29 2019 4 07 H 3.37 190.07 2020 £ 07 A 4.13 202.28
2018 4 08 H 2.60 129.88 2019 4 08 H 2.80 13228 2020 4F 08 A 3.30 176.99
2018 4 09 H 3.09 153.55 2019 4 09 H 2.97 152.00 2020 £ 09 A 3.15 175.17
2018 4£ 10 A 3.10 174.06 2019 ££ 10 3.06 176.86 2020 4F 10 A 3.35 129.56
2018 4 11 H 3.46 213.69 2019 4E 11 f 3.40 18539 2020 4F 11 A 3.20 166.81
2018 4 12 H 3.46 202.28 2019 4 12 H 3.59 190.08 2020 4F 12 A 3.64 190.23
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Table S4 Water temperature boundary conditions of hydrodynamic water quality model for Fuxian Lake

. KR (°C)
L) ZE ] PR ] ARKI] AT BRI T2 JEARKIT K g FA ] 2 BE o]
2018 4£ 01 H 12.3 17.8 12.2 12.2 12.2 9.9 9.9 9.5 12.5 14.3 12.3
2018 £ 02 A 13 14.1 12.3 11.3 11.3 9.3 9.3 9.2 12.4 14.3 12.4
2018 & 03 A 14.1 14.1 14.5 14.5 14.5 12 12 12.6 12 13 15.5
2018 4F 04 H 18.4 18.4 15.6 15.6 154 15.4 154 15.5 18.2 17 16.6
2018 4 05 H 18.5 18.5 20.8 20.8 19.5 19.5 19.5 21 21.1 20.4 17.3
2018 4F 06 A 24.9 249 20.3 20.3 25.7 19.6 19.6 23.2 22.6 222 18.5
2018 4 07 H 21.5 20.8 22.9 22.5 22.1 20.5 20.5 22 21.1 22.2 20.2
2018 4F 08 H 21.5 20.6 22.2 22.4 22.1 21 21 22.3 22.7 22.2 20.2
2018 4209 H 21.9 19.2 21.3 20.4 20.4 19.5 19.5 20.4 21.6 222 20.1
2018 410 H 20.7 17.8 20.2 19.2 19.2 18.5 18.5 18.8 194 20.5 17.8
2018 £ 11 A 17 15.8 17.6 17.6 17.6 13.9 13.9 15.2 17.4 18.9 17.3
2018 12 H 15.5 15.5 15.5 15.5 15.5 11.6 11.6 12.3 14.1 16.5 15.2
2019 4201 H 12.3 17.8 12.2 12.2 12.2 9.9 9.9 9.5 12.5 14.3 12.3
2019 # 02 H 13 14.1 12.3 11.3 11.3 9.3 9.3 9.2 12.4 14.3 12.4
2019 4 03 A 14.1 14.1 14.5 14.5 14.5 12 12 12.6 12 13 15.5
2019 42 04 H 18.4 18.4 15.6 15.6 154 15.4 154 15.5 18.2 17 16.6
2019 405 H 18.5 18.5 20.8 20.8 19.5 19.5 19.5 21 21.1 20.4 17.3
2019 5 06 H 249 24.9 20.3 20.3 25.7 19.6 19.6 23.2 22.6 222 18.5
2019 407 H 21.5 20.8 22.9 22.5 22.1 20.5 20.5 22 21.1 22.2 20.2
2019 42 08 H 21.5 20.6 22.2 22.4 22.1 21 21 22.3 22.7 22.2 20.2

2019 409 H 21.9 19.2 213 204 20.4 19.5 19.5 20.4 21.6 22.2 20.1




KR (°C)

A Ll ] CUER) e in] VUNL| AAHT PR FL2E] JEROAT KAl e FAfrin] 2 BE
2019 4F 10 A 20.7 17.8 20.2 19.2 19.2 18.5 18.5 18.8 19.4 20.5 17.8
2019 4 11 H 17 15.8 17.6 17.6 17.6 13.9 13.9 15.2 17.4 18.9 17.3
2019 £ 12 A 15.5 15.5 15.5 15.5 15.5 11.6 11.6 123 14.1 16.5 152
2020 4 01 H 12.3 17.8 12.2 12.2 12.2 9.9 9.9 9.5 12.5 143 123
2020 4F 02 H 13 14.1 12.3 11.3 11.3 9.3 9.3 9.2 12.4 143 12.4
2020 £ 03 H 14.1 14.1 14.5 14.5 14.5 12 12 12.6 12 13 15.5
2020 £ 04 H 18.4 18.4 15.6 15.6 15.4 154 15.4 15.5 18.2 17 16.6
2020 £ 05 H 18.5 18.5 20.8 20.8 19.5 19.5 19.5 21 21.1 204 173
2020 4F 06 H 24.9 249 20.3 203 25.7 19.6 19.6 23.2 22.6 22.2 18.5
2020 4 07 H 215 20.8 229 22.5 22.1 20.5 20.5 22 21.1 222 20.2
2020 4F 08 H 215 20.6 222 224 22.1 21 21 223 22.7 222 20.2
2020 409 H 21.9 19.2 213 204 204 19.5 19.5 204 21.6 22.2 20.1
2020 4 10 H 20.7 17.8 20.2 19.2 19.2 18.5 18.5 18.8 194 20.5 17.8
2020 % 11 H 17 15.8 17.6 17.6 17.6 13.9 13.9 15.2 17.4 18.9 173

2020 12 H 15.5 15.5 15.5 15.5 15.5 11.6 11.6 123 14.1 16.5 15.2
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Fig.S1 Precipitation, evaporation boundary conditions of hydrodynamic water quality model for Fuxian Lake
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Fig.S2 Temperature boundary conditions of hydrodynamic water quality model for Fuxian Lake
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Fig.S3 Solar short-wave radiation boundary conditions of hydrodynamic water quality model for Fuxian
Lake
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Fig.S4 Wind rose of wind boundary conditions of hydrodynamic water quality model for Fuxian Lake
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Fig.S5 Comparison of simulated and measured surface water temperature of other water quality monitoring

stations in Fuxian Lake
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Table S5 Statistical results of simulation error of surface water temperature in Fuxian Lake

B = FHEIIRE (°C) BRZE (%) HIRRE (C)

pisqu 1.242 6.732 1477

B pIn| 2476 12516 2.979
Bx 1.828 9.787 2.280
PNLL#ACs 2.689 13.917 3482

[=HE) 2.100 11.245 2.784
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Fig.S6 Comparison of simulated and measured surface dissolved oxygen of Gushanhuxin water quality

monitoring station in Fuxian Lake
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Table S6 Statistical results of simulation error of surface dissolved oxygen in Fuxian Lake

Ll FHEFRE (mg/L) HEXRE (%) BTTRRZE (mg/L)
BAa 0.9562 1161 1.3738

PN LR 0.5782 7.56 0.6864
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Table S7 Statistical results of simulation error of surface water temperature in Fuxian Lake

KR FIEIIRE (C) BRE (%) HIRIRE (°C)

Al 0.692 4.247 0.899
A2 0.283 1.783 0.597
A3 0.661 4.040 0.959
Bl 0.265 1.664 0.287
B2 0.207 1.313 0.298
B3 0.605 3.759 0.772
C1 0.207 1.313 0.280
C2 0.222 1419 0.376
C3 0.428 2.730 0.679
D1 0.138 0.865 0.236
D2 0.544 3.359 0.666
D3 0.759 4.540 1.059
El 0.229 1.393 0.291
F1 0.519 3.171 0.683

Gl 0.939 5.438 1119
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Fig.S7 The water temperature distribution simulated by the hydrodynamic water quality model of Fuxian

Lake from January to December 2020
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Fig.S8 Vertical distribution of dissolved oxygen at three points simulated by the hydrodynamic water quality

model of Fuxian Lake



