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Abstract

As the second longest river in China, the Yellow River serves as a key ecological corridor in North
China but is under substantial ecological pressure from its semi-arid climate and intensive human
activities. Longitudinal hydrological connectivity in the middle and lower reaches has declined by
approximately sixteenfold relative to natural conditions, leading to flow interruption, habitat frag-
mentation, and biodiversity loss. Although the Xiaolangdi Project has substantially altered flow and
sediment regimes through water-sediment regulation, ecological restoration remains constrained
by trade-offs among flood control, water supply, and biodiversity conservation. This study evalu-
ates the effects of reservoir interception and water-sediment regulation on longitudinal hydrologi-
cal connectivity and fish habitats in the middle and lower Yellow River. The Bailangdu-Gaocun reach
was selected for seasonal analyses of water environmental and aquatic ecological conditions based
on monitoring data from 35 sampling sites, and an evaluation framework for fish habitat restora-
tion potential was established. A tolerant species, Yellow River carp (Cyprinus carpio, adult and
spawning stages), and a sensitive migratory species, Coilia nasus (Chinese tapertail anchovy, adult
stage), were selected as indicator species. Eight key indicators of longitudinal hydrological connec-
tivity were identified, and a habitat restoration potential index (SI) was constructed by integrating
habitat suitability functions with these indicators. Results indicate that tolerant fish species exhibit
significantly higher habitat restoration potential than sensitive species, with SI values exceeding
0.7 for adult stages in both seasons. Habitat restoration potential differed markedly among life
stages of the same species. In terms of seasonal influence, the adult stage of carp shows better po-
tential in spring, while the spawning stage shows higher potential in autumn. In spatial distribution,
the downstream section of the Xiaolangdi Dam performs overall well (SI > 0.7 in all stages, account-
ing for more than 78%), whereas the Jiahetan section is severely degraded—only 34% of suitable
habitat remains for adult carp, and the Hewanzi section (SI < 0.5) exhibits severe fragmentation.
Extremely low longitudinal connectivity obstructs migratory pathways for species such as Coilia na-
sus. This study provides a quantitative framework to support hydrological connectivity restoration
and fish habitat recovery in the Yellow River under multi-objective management constraints.
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Figure 1. Large-scale research area
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Figure 2. Seasonal comparison of water quality parameters (TP, TN, DO, and NH3-N) at sampling sites in spring and autumn
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Figure 3. Spatial patterns of fish habitat restoration potential (SI) at sampling sites in the middle and lower reaches of
the Yellow River
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Figure 4. Seasonal and life-stage variation of habitat suitability index (SI) of carp at sampling sites
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Figure 5. Seasonal variation of habitat suitability index (SI) of Coilia nasus at sampling sites
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