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Figure 1 Conceptual framework for identifying spatial fragmentation of high-canopy forests under continuous forest cover from a structure-

stratified perspective
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Figure 2 Boundary and topographic characteristics of the study area in Hainan Tropical Rainforest National Park
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Table 1 Structural levels of nested forest canopy based on canopy height stratification
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Table 2 Structure-pattern-based classification of spatial structural types for high-canopy forests
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Figure 3 Spatial distribution of forests under canopy height stratification in Hainan Tropical Rainforest National Park
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Table 3 Forest area statistics by canopy height stratification
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Figure 5 Changes in landscape metrics across canopy height stratification. A: Number of patches (NP); B: mean patch area (MPA); C: edge density
(ED). Solid lines and circles indicate the mean values of each metric across different canopy height levels, while shaded areas represent the
corresponding standard deviations
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Figure 6 Spatial distributions of landscape metrics across canopy height stratification. Number of patches (NP) (A—C), mean patch area (MPA) (D—
F), and edge density (ED) (G-I), corresponding to canopy height levels of CH>5 m, CH>15 m, and CH>30 m, respectively
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Figure 7 Classification of high-canopy forest structure-pattern types based on canopy height stratification and landscape metrics. A: Spatial
distribution of different structure-pattern types within high-canopy forests (CH>20 m); B: area proportions of each structure-pattern type
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Forests can spread spatially in a context of continuous cover, while there are substantial differences in spatial structure across canopy-
height levels. Conventional fragmentation analyses based on two-dimensional forest cover are therefore insufficient to capture this
spatial structural fragmentation. To address this limitation, we incorporated canopy-height characteristics into a traditional
fragmentation framework, and then developed a structure-pattern analytical approach based on canopy-height stratification to
characterize spatial pattern differences across canopy-height levels. Using high-resolution (10 m) canopy height data from Hainan
Tropical Rainforest National Park, we constructed a nested stratification of forest structure across six canopy height gradient
thresholds (5—30 m) and quantified landscape metrics-including patch number, mean patch area, and edge density-within 1 kmx1 km
grid units. Forest area declined sharply with increasing canopy height gradient, and forests with canopy height >30 m accounted for
less than 10% of the total forested area. Landscape patterns exhibited a distinct transition within the 15-20 m canopy height gradient
interval, characterized by increased patch subdivision, a rapid reduction in patch size, and significantly elevated edge density.
Structure-pattern coupling analysis further indicated that approximately 33.7% of forests with canopy height >20 m were concentrated
in highly fragmented spatial units, suggesting that in the context of continuous forest cover, higher canopy-height spatial structures
can exhibit sparse and isolated patterns. These results suggest that integrating canopy-height stratification into conventional two-
dimensional fragmentation metrics helps gain a deep insight into the identification of spatial structural fragmentation that is normally
overlooked when only using forest cover. The proposed framework provides a quantitative basis for assessing ecosystem integrity and
originality in tropical forests. It is particularly useful for identifying conservation priority areas for tall-canopy forests and for
developing conservation management strategies through multidimensional forest structural optimization.

tall-canopy forest, canopy-height stratification, structural fragmentation, landscape pattern, tropical forest, Hainan Tropical
Rainforest National Park
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