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Fig. 1  Study area: Middle and Lower Yangtze River Plain
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Table 1 Water Body Area of Six Sub-regions in the Lake Zones of the Middle and Lower Yangtze River Plain during

Seven Periods
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Fig. 4 Hydrological connectivity in the middle and lower Yangtze River Plain
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Fig. 5 Changes in Hydrological connectivity Across Six Regions
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(¢) The plain region within the lower Yangtze River mainstream

(d) BUTHBCFJX
(d) The plain region within the Hanjiang River



Bl P 45+ R T e DI RUBE A/ SO M B B T D i —— IR VT R W UK SO s 28 Ak o 1 1459

(e) KM IX

(e) The plain region within the Taihu Lake Basin
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(f) The plain region within the middle Yangtze River mainstream
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Fig. 7 Changes in Local Hydrological connectivity Across Three Different Periods and Six Major Regions
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Abstract: Hydrological connectivity is generally defined as the extent of interaction among rivers, lakes, their floodplains, or other water
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bodies. Changes in hydrological connectivity profoundly affect the structure and function of aquatic ecosystems, the maintenance of
biodiversity, and water-related human production and livelihood activities. Human interventions, such as dam, levee construction, and land
reclamation, have significantly altered connectivity in many floodplain lake regions. Therefore, exploring scientific and effective methods
for quantifying hydrological connectivity, analyzing its dynamic changes, and assessing its potential ecological and environmental effects is
of considerable significance.

The Connectivity Function (CF) effectively characterizes hydrological connectivity and its dynamic changes. However, connectivity
values calculated using this method vary with the statistical window and the connecting direction, leading to incomparable results. Building

on this method, our study proposes a connection frequency method at optimal scales () based on remote sensing-derived surface water

extraction results. This method comprehensively considers the scale characteristics of water bodies in different regions and calculates
temporal changes in hydrological connectivity by using the optimal scale as a baseline. In contrast with existing CF methods, this approach
considers connection frequency in all directions within the study area rather than only a single direction, addressing their limitations. This
approach enables comparative analyses of hydrological connectivity changes across multiple regions. Comparisons with connectivity indices
from landscape ecology have demonstrated that this method effectively represents inter-patch and intra-patch connectivity. The proposed
approach has unique application value, offering a robust tool for analyzing hydrological connectivity changes across different regions.

As one of the regions with the highest concentration of surface water in China, the Middle and Lower Yangtze River Plain is a critical
ecological and economic area. In recent decades, the connectivity of water bodies in this region has been progressively disrupted, triggering
a series of ecological security issues, such as lake water quality deterioration and wetland degradation. On the basis of the F,, method, we
employed monthly water history data from seven different periods between 1984 and 2021 to calculate the connectivity of water bodies in
the six subregions of the Middle and Lower Yangtze River Plain, aiming to provide scientific support for regional ecological conservation
and restoration.

Results indicate that hydrological connectivity in the plains of Poyang Lake Basin, Dongting Lake Basin, Hanjiang River Basin and the
Lower Yangtze River Mainstream, experienced significant changes, generally exhibiting a trend of initial decline followed by recovery. For
Poyang Lake, Dongting Lake and the Low Reaches of Yangtze River Mainstream plains, hydrological connectivity maintained at relatively
high levels, but despite the partial recovery observed in the later periods, all three regions exhibited an overall decline compared with the
initial period. By contrast, the Hanjiang River Basin Plain showed substantially lower hydrological connectivity than the other regions and
exhibited a generally weaker degree of hydrological linkage. The Taihu Lake Basin and the Middle Reaches of Yangtze River demonstrated
a persistent decline in hydrological connectivity, with minor fluctuations, resulting in an overall downward trend during the study period.
These differences suggest that hydrological connectivity may be influenced by various factors, particularly ecological and management
measures during specific periods, which can exert significant effects on connectivity dynamics.

Key words: optimal scale, hydrological connectivity, geostatistical analysis, remote sensing, the Middle and Lower Yangtze River Plain
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