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Introduction


Marine habitat mapping serves as a critical tool for ecosystem-based management and scientific research. This study reviews the environmental characteristics of the Beibu Gulf and proposes a habitat classification system to support spatial ecological analysis and regional planning.







Methods


A habitat classification system was developed that integrates biological zones, substrate types, and vegetation, based on multidisciplinary data sources—including bathymetry, optical remote sensing, geomorphology, and biological surveys—combined with GIS techniques to produce detailed habitat maps.







Results


A total of 19 habitat types were identified, comprising 8 intertidal, 5 infralittoral, 5 circalittoral, and 1 deep circalittoral habitats. The most dominant habitats were deep circalittoral mud (55%), circalittoral mud (19%), and infralittoral mud (14%), while littoral mangroves, saltmarshes, and seagrass each accounted for less than 1%. Map confidence was generally moderate, with lower accuracy observed at the boundaries between biological zones, and higher confidence in the littoral zones.







Discussion


These findings provide a comprehensive and detailed habitat basemap that supports marine monitoring, scientific research, ecological conservation, and regional planning. The study highlights the significant application potential of habitat mapping in coastal and marine management.
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1 Introduction


As an effective tool for marine ecosystem conservation and management, marine habitat mapping systematically organizes and visualizes heterogeneous biotic and environmental datasets, thereby depicting the characteristics, distribution and extent of physical environments. More importantly, it can be used to predict species and communities distributions, thus providing essential information for fisheries management, marine spatial planning, marine protected area (MPA) designation, coastal oil and gas infrastructure, port and shipping lane design, tourism and seabed mining (Peter and Elaine, 2020).


Since the early 21st century, the United States, the European Union, Australia, and other countries have successively proposed marine habitat classification schemes and mapping products. The United States has released the Coastal and Marine Ecological Classification Standard (CMECS) (FGDC, 2012) and implemented mapping applications in the Northeast Pacific (Bassett et al., 2017), the Northern Gulf of Mexico (Allee et al., 2014), and Greenwich Bay (Shumchenia and King, 2010). The EU’s EUSeaMap, based on the European Nature Information System (EUNIS), has supported assessments of ecological status in the Northeast Atlantic (OSPAR, 2017), environmental impact assessments of the Hornsea Three offshore wind farm (RPS group, 2018), blue carbon accounting in Orkney waters (Porter et al., 2020) and compilation of the European Red List of Marine Habitats (Gubbay et al., 2016). Australia has produced SEAMAP Australia (Seamap Australia, n.d) underpinned by the Australian Benthic Marine Habitat Classification Scheme. Consequently, marine habitat mapping is recognized internationally as a key tool for ecosystem-based natural resource management, bridging science and policy (Ball et al., 2006). In recent years, Chinese researchers have also advanced ecosystem-based marine spatial management by establishing a national marine ecological classification system (Ministry of Natural Resources of China, 2020), delineating ecological zones in coastal and adjacent seas (Huang et al., 2023) and exploring suitable habitat mapping techniques.


This study selected the Beibu Gulf (north-western South China Sea) as a pilot area for habitat mapping. The gulf contains diverse coastal habitats, including mangroves, coral reefs, salt marshes, seagrass beds, sandflats and mudflats (Fan et al., 2015; Xie et al., 2020; Tian and Li, 2018). Approximately 30 macroalgal, 200 molluscan, 20 cephalopod, 100 crustacean and 240 fish species have been documented (Yu and Mu, 2006). However, existing information on habitat and community distribution remains largely descriptive, with limited to no prior habitat mapping efforts.


Based on the regional characteristics of the Beibu Gulf region, this study developed a habitat classification method that integrates biological zones, substrate types, and vegetation, maximizing the integration and utilization of multidisciplinary, multi-source data including bathymetry, optics remote sensing, substrates, geomorphology, and biology. The resulting habitat distribution maps not only fill the gap in habitat mapping within the Beibu Gulf, but also contribute to global marine spatial planning by providing a replicable framework for data-poor regions. This study enhances the understanding of regional biodiversity patterns while providing spatially explicit data to support climate vulnerability assessments, marine protected area (MPA) design, and ecosystem-based management strategies.






2 Study area


The scope of this study is the Beibu Gulf, northern South China Sea (
Figure 1
), extending from 108.1° to 110.02°E and 20.2° to 21.9°N. Situated in the in the subtropical zone, bottom-water temperature is 24-27°C and salinity is 33-34 PSU throughout the year, with only minor seasonal fluctuations (Chen et al., 2011a, b). The seabed is dominated by unconsolidated sediment, principally well-sorted fine sand, fine-grained sediment, and gravel (Ma et al., 2019). Coastal habitats within the gulf comprise mangroves, mudflats, sandflats, saltmarshes, seagrass beds and coral reefs.


[image: Map showing a study area outlined with a red line and a territorial sea baseline marked with a blue dashed line. The map includes topographical details and geographical coordinates, with a legend in the top right corner for reference.]
Figure 1 | 
Study area map of the Beibu Gulf.








3 Materials and methods





3.1 Marine habitat classification


In this study, the ecological classification was conducted based on the 2022 EUNIS marine habitat classification for benthic habitats, with modifications to reflect the characteristics of the study area. Habitat types were determined by integrating biological zones, substrate types, and vegetation types. The biological zones comprised the littoral, infralittoral, circalittoral, and deep circalittoral zones. Substrates were classified into two major categories, namely hard substrates (rocks and biogenic substrate) and soft substrates (gravel, sand, and mud). Dominant vegetation was categorized as mangrove, salt marsh, seagrass, or seaweed.






3.2 Mapping method


The creation of the seabed habitat map was carried out in three main steps: 1) data collection, analysis, and processing; 2) creation of classification layers, including classified biological zones, classified substrate, classified vegetation, and confidence assessment maps for each classified layer; 3) production of seabed habitat map and confidence map. Spatial distribution layers for each element were derived by analyzing and integrating the collected environmental and biological data. These layers were then subjected to spatial analysis, classification, and combination to produce the classification layers. Finally, the classification layers were superimposed to generate the habitat maps. When the classified environmental variables were combined, specific habitat types were assigned accordingly (see 
Figure 2
 for technology roadmap).


[image: Flowchart illustrating the process for creating a seabed habitat map. It starts with data collection, analysis, and processing including bathymetry, light at the seabed, sediment, geomorphology, and various vegetation types. This data undergoes spatial overlay analysis to create classification layers: classified biological zones, substrates, and vegetation. These classification layers are further analyzed to produce the final seabed habitat types, resulting in a seabed habitat map and a confidence map.]
Figure 2 | 
Workflow of seabed habitat mapping.








3.3 Data collection and processing


The data required for the seabed habitat mapping in the study area were collected, including bathymetry, KdPAR, littoral range, geoform, spatial distribution of sediments, rocks, biological substrates, mangroves, salt marshes, seagrasses, seaweeds, etc. These datasets were integrated and processed to generate corresponding spatial data layers.





3.3.1 The bathymetry layer


A composite bathymetry layer covering the entire study area was generated at a resolution of 200 meters by integrating five distinct datasets: 1) multibeam survey data from 2008-2009; 2) single-beam survey data from 2008-2009; 3) chart soundings data with spatial resolutions ranging from 1:2000 to 1:500,000 from 2013-2020; 4) satellite-derived bathymetry (SDB) data in estuarine areas; and 5) the General Bathymetric Chart of the Oceans (GEBCO) global bathymetry map (version2020).






3.3.2 Fraction of light at the seabed layer


The fraction of light reaching the seabed was calculated using bathymetric data and the diffuse attenuation coefficient of photosynthetically available radiation (KdPAR) in the water column. KdPAR data were obtained from the EMODnet Partnership for China and Europe, based on averaged value from 2017 to 2020, with a spatial resolution of 300 meters.






3.3.3 The substrate layer


The substrate layer was developed by integrating four different datasets: 1) spatial distribution data of sediment types from the Special Survey of China’s Offshore in 2007-2008; 2) spatial distribution data of bedrock from the Special Survey of Guangxi Province Coast in 2006-2007; 3) China Coral Reef Survey data in 2019-2020; 4) data from the Allen Coral Atlas in 2018-2021; and 5) data from the Typical Coastal Ecosystems Survey in 2023.






3.3.4 The geoform layer


The geomorphology data used in this study were derived from the Geomorphological Atlas of the China Offshore Marine Comprehensive Survey and Evaluation Project to generate the geoform layer.






3.3.5 The Vegetation distribution layer


Vegetation data were derived from the Typical Coastal Ecosystems Survey conducted in 2021 and 2023. Vegetation spatial distribution data were extracted and integrated to form the vegetation layer.







3.4 Create seabed habitat distribution map





3.4.1 Create classified biological zones layer


Using the bathymetry data (denoted as h) and the diffuse attenuation coefficient for photosynthetically active radiation (KdPAR), the fraction of surface light reaching the seabed (Fr) was calculated. This relationship is described by the Beer–Lambert law and can be expressed as:
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where: Io
 is the incident light intensity at the water surface, Ih
 is the light intensity at depth h, KdPA is the light attenuation coefficient (m-¹), and h is the water depth (m).


This formula describes the exponential decay of light, which is essential for estimating the availability of light for benthic photosynthetic organisms such as seagrasses, macroalgae, and symbiotic corals (Kirk, 1994; Culver and Perry, 1999). Using Fr=1% (a widely accepted threshold for the minimum light required to sustain photosynthesis) as the threshold range, overlaying the 0m depth contour line and the underwater shoreline from the geomorphology geoform data to generate the biological layer.






3.4.2 Create classified substrate layer


Sediment, rock, and biogenic substrate data were integrated to generate classified substrate layers, based on the classification method described in section 3.1.






3.4.3 Create classified vegetation layer


The spatial distribution data of vegetation, including mangroves, salt marshes, seagrass beds, and seaweeds were integrated to form classified vegetation distribution layers.






3.4.4 Seabed habitat mapping


The biological zone layers and substrate classification layers were first spatially overlaid, followed by overlaying with the vegetation distribution layers, to produce the final seabed habitat map. In areas where vegetation and substrate data overlapped, vegetation attributes were prioritized during classification. Habitat names followed the format: biological zone-substrate type or biological zone-vegetation type.







3.5 Confidence assessment


The purpose of the confidence assessment was to characterize the overall uncertainty of the habitat map. Confidence scores were assigned quantitatively, rather than derived from a quantitative accuracy assessment, and were expressed at three levels (high, moderate, low). The assessment comprised three components:


(1) Input data confidence. Bathymetry, fraction of light at the seabed, substrate, geoform, and vegetation layers were evaluated. The confidence level of each dataset was inferred from the confidence reported in the original source and from the acquisition method (e.g., remote-sensing interpretation, field validation, or in-situ sampling). (2) Confidence of classified thematic layers. Biological zones, classified substrate, and classified vegetation layers were assessed. Confidence was derived from the input datasets using a conservative rule in which the lowest (or, when different, the intermediate) confidence adopted. For example, the overlay of high and moderate confidence layers yielded a moderate confidence, whereas the overlay of high and low confidence layers also yielded a moderate confidence. For biological zones, we additionally considered the fuzziness thresholds between that occur between adjacent classes, which reflect natural transitions (Populus et al., 2017). In this study, the upper boundary of the circalittoral zone was set to Fr = 0.01 ± 0.001, and the lower boundary was determined as subaqueous slope line ± 2.5 km. (3) Confidence of the seabed habitat map. which was similarly determined based on the confidence of its input classified layers. All confidence assessments were conducted in a GIS-based raster mode, with each cell assigned a confidence score of 1 (low), 2 (moderate), or 3 (high).







4 Results and discussion





4.1 Biological zones


The Beibu Gulf study area was stratified into four biological zones (
Figure 3
): littoral, infralittoral, circalittoral and deep circalittoral. The deep circalittoral zone is the most extensive, occupying 12224 km² (≈ 55% of the total area). The circalittoral and infralittoral zones account for about 21% and 19%, respectively, whereas the littoral zone is smallest (≈ 6%). This spatial pattern partially reflects the unique hydrodynamic characteristics, depth gradients, and variations in seabed light availability, which collectively govern habitat suitability for numerous taxa.


[image: Map illustrating coastal zones with distinct color-coded areas: purple for littoral, green for infralittoral, yellow for circalittoral, and orange for deep circalittoral. The map includes a legend and detailed geographical features of the coastline and adjacent land area.]
Figure 3 | 
Map of biological zones.




The littoral zone corresponds to the area between mean high water spring tides and mean high water neap tides, approximately corresponding to the coastline - 0 m isobath on nautical charts. The infralittoral zone is defined as the seabed receiving ≥ 1% of surface irradiance, providing sufficient photosynthetically active radiation for t seagrasses and macroalgae; its lower boundary therefore marks the depth boundary of photophilic vegetation. The circalittoral zone extends from the base of the infralittoral to the wave base. i.e. the depth at which orbital motion no longer perturbs the seabed (theoretically depth ≈ ½ wavelength). This sector is characterized by sparse algal cover and the dominance of sciaphilic algae and sessile benthic fauna. Below the wave base lies the deep Circalittoral zone, where macrophytes disappear, temperature variability is minimal, and hydrodynamic energy is markedly reduced. Zone definitions follow Vasquez et al. (2015) and Populus et al. (2017). However, due to the unavailability of direct wave data, this study adopts a modified approach for delineating the boundary between the circalittoral and deep circalittoral zones. Specifically, the seaward edge of the subaqueous slope, as interpreted from existing geoform maps, is used as a proxy for the wave base.


A three-class confidence layer was produced (
Figure 4
). Confidence is generally high, decreases toward zone boundaries, and is intermediate within outer buffer areas. For the infralittoral–circalittoral interface, a fuzzy band of ± 0.9% around the Fr=1% irradiance threshold was delimited by expert judgement: cells within ± 0.2% were assigned low confidence (red), those between 0.2% and 0.6% moderate (yellow), and the remainder high (green). For the circalittoral–deep-circalittoral interface, a 2.5 km buffer–equivalent to the spacing of single beam survey lines–was centered on the slope line; the first 1 km band was labelled low confidence, the next 1 km moderate, and the outer remainder high.


[image: Map showing coastal confidence levels of biological zones categorized into three classes: high (green), moderate (yellow), and low (red). Most coastal areas are shown with moderate to high confidence, A legend is included for reference.]
Figure 4 | 
Confidence map of biological zones.








4.2 Classified substrate distribution


The substrate classification (
Figure 5
) indicates three unconsolidated substrates (gravel, sand and mud) and two hard substrates (rock and coral reef). Corroborating previous descriptions of the area’s characteristics (Fan et al., 2015; Ma et al., 2019; Xie et al., 2020). Mud dominates the seafloor, whereas sand occurs mainly in the nearshore regions of Fangchenggang and Beihai (Guangxi province). West of Beihai, the seabed grades from sand to gravel, and small gravel patches also occur in the northern sector of the study area. Rock and coral reefs are concentrated around Weizhou and Xieyang Islands, and along the Guangxi coast. Because hard substrate data are lacking for the subtidal zone, additional occurrences of rock and coral reef elsewhere cannot be cannot be excluded. The literature also reports oyster reefs in Qinzhou (TNC, 2022), but their spatial distribution data were not acquired in this study.


[image: Map illustrating seabed composition in a coastal region, with a legend indicating colors for mud (blue), sand (yellow), gravel (orange), rock (red), and coral (pink). The area predominantly features blue, representing mud, with varying sections of sand, gravel, and small areas of rock and coral along the coastlines.]
Figure 5 | 
Substrate classification map of the Beibu Gulf.




The overall substrate assemblage resembles that depicted in the European broad-scale habitat map (EUSeaMap), comprising sedimentary, rocky and biogenic categories. Nevertheless, the two products differ in sediment classification. EUSeaMap derives classes from acoustic data interpreted with the Folk classification system, whose regional boundaries between mud and sand may deviate from local conditions and thus cause mismatches with national maps (Vasquez et al., 2023). Here, we applied the Shepard classification system directly to grab-sample data and converted the results through a class cross-walk, thereby reducing such inconsistencies.


The confidence assessment of the substrate map (
Figure 6
) is predominantly moderate. Confidence is limited offshore because the map relies chiefly on dense point samples interpolated by spatial analysis without supporting acoustic data. Around the islands, interpretations from optical remote sensing, on-site verification is lacking. The substrate data in the littoral zone are interpreted from optical imagery lack in-situ validation and are therefore also rated moderate. In contrast, littoral sediments, extracted from optical imagery and ground-truthed in the field, attain high confidence. Confidence in the coral reef polygons in the southwestern and northeastern corners of the study area is remains because these boundaries are drawn from only a few diver observations.


[image: Map displaying confidence levels of substrate classification, with a legend indicating green for high confidence, yellow for moderate confidence, and red for low confidence. High-confidence zones are mainly located along the coastline.]
Figure 6 | 
Confidence map of substrate classification.








4.3 Vegetation distribution




Figure 7
 depicts the spatial distribution of coastal vegetation in the study area, which comprises mangroves, salt marshes, and seagrass beds concentrated within the littoral zone. The confidence map (
Figure 8
) indicates that most of the records were derived from remote sensing identification followed by ground-truthing, and are therefore assigned a high confidence level. Seaweed beds have been documented off Xiniujiao Town (Qinzhou City) and the Bailong Peninsula (Fangchenggang City); Nevertheless, this study failed to acquire data on their spatial distribution. Likewise, although the benthic euphotic zone theoretically constitutes the principal habitat for vegetation such as seagrass and seaweed, no corresponding spatial distribution data obtained as well. Previous studies (Fan et al., 2015; Shi, 2002; Xie et al., 2020) documented the high vegetation diversity of the Beibu Gulf coast but were restricted to site-specific species inventories. This study overcomes that limitation by providing the region-wide map of coastal vegetation for the area.


[image: Map depicting coastal areas with different ecosystems. Seagrass is shown in magenta, salt marshes in green, and mangroves in red. A legend in the upper-right indicates these color codes. Geographic coordinates are marked along the edges.]
Figure 7 | 
Vegetation distribution map of the Beibu Gulf.




[image: Map showing vegetation distribution along a coastal region. Areas are color-coded to indicate vegetation levels with green for high, yellow for moderate, and red for low as per the legend.]
Figure 8 | 
Confidence map of vegetation classification.








4.4 The seabed habitat distribution


By integrating the biological zones layer with the classified substrate layer, 19 habitat classes were delineated within the study area (
Figure 9
; 
Table 1
). Most of the mapped area received moderate confidence scores; confidence was low along zone boundaries and transition areas, and high within the littoral zone (
Figure 10
). Eight habitat types were identified in the littoral zone, five in the infralittoral zone and five in the circalittoral zone, whereas only a single type in the deep circalittoral zone. Deep circalittoral mud accounts for more than half of the total extent (55%), followed by circalittoral mud (19%) and infralittoral mud (14%). Littoral sand (4%), infralittoral sand (3%), infralittoral gravel (2%) and littoral mud (2%) occupy comparatively small proportions, while all remaining classes, such as littoral mangroves, each cover ≤1% of the study area.


[image: Map of a coastal area with a legend indicating various types of marine and coastal environments. These include littoral, infralittoral, and circalittoral zones with distinct geographical features like mud, sand, gravel, rock, coral reef, mangroves, salt marshes, and seagrass. Different colors represent each type. The map includes longitude and latitude markers on the borders.]
Figure 9 | 
Habitats distribution map of the Beibu Gulf.





Table 1 | 
Area and proportional coverage of habitat classes.




	No.

	Habitat Class

	Predicted area coverage (km2)

	% of study area represented






	
	Littoral total

	1367

	6%




	1
	Littoral mud
	370
	2%



	2
	Littoral sand
	836
	4%



	3
	Littoral gravel
	2
	<1%



	4
	Littoral rock
	6
	<1%



	5
	Littoral coral reef
	7
	<1%



	6
	Littoral mangroves
	123
	1%



	7
	Littoral salt marshes
	16
	<1%



	8
	Littoral seagrass
	8
	<1%



	
	Infralittoral total

	4184

	19%




	9
	Infralittoral mud
	3059
	14%



	10
	Infralittoral sand
	728
	3%



	11
	Infralittoral gravel
	384
	2%



	12
	Infralittoral rock
	7
	0%



	13
	Infralittoral coral reef
	6
	0%



	
	Circalittoral total

	4620

	21%




	14
	Circalittoral mud
	4289
	19%



	15
	Circalittoral sand
	234
	1%



	16
	Circalittoral gravel
	96
	<1%



	17
	Circalittoral rock
	<1
	<1%



	18
	Circalittoral coral reef
	<1
	<1%



	
	Deep circalittoral total

	12224

	55%




	19
	Deep circalittoral mud
	12224
	55%









[image: Map showing areas categorized by flood risk along a coastal region. Red indicates low risk, yellow indicates moderate risk, and green indicates high risk. The legend is in the top right corner.]
Figure 10 | 
Confidence map of habitat classification.




Existing data indicate that mangroves, salt marshes and seagrass beds are confined to littoral zone, collectively covering approximately 148 km2 with high confidence. Mangroves extent is relatively stable, whereas salt marshes and seagrass beds cover exhibit pronounced seasonal variability driven by phenology. Rocky substrates occur within the littoral, infralittoral, and circalittoral zones, covering approximately 13 km2 and supply hard surfaces for seaweed and benthic animals. This estimate is likely conservative because acoustic remote sensing techniques capable of detecting rocky substrates have not yet been applied in the region. Coral reefs distribution (totaling 12 km2), derived by integrating the Allen Coral Atlas with data from the China Coral Reef Survey. All identified reef habitats occur within the coastal zone, consistent with the light requirements of most coral species.


In contrast to the European Broad-scale Seabed Habitat Map (Vasquez et al., 2023), which primarily covers habitats from the sublittoral to bathyal zones, our map extends the landward boundary to include the anthropogenically influenced intertidal zone and its vegetated habitats within a unified framework. For the first time, our research systematically characterizes the spatial gradient differentiation of marine habitats along the land-to-sea continuum in the Beibu Gulf, revealing ecological continuity from intertidal mangrove-salt marsh complexes to deep circalittoral mud-dominated zones. These innovative results not only provide spatial data foundations for ecosystem service assessments (e.g., blue carbon stock evaluations, priority area identification for biodiversity conservation) but also offer scientific support for coastal ecological protection and resource management policies.






4.5 The importance of marine habitat mapping


Marine habitat maps are essential tools for ecosystem-based management (EBM) and have been widely applied in various domains, including ecosystem risk assessments (Obura et al., 2021), evaluations of habitat importance and the development of Red Lists (Gubbay et al., 2016), blue carbon stock accounting (Porter et al., 2020), environmental impact assessments for infrastructure projects (RPS group, 2018), and decision-making related to marine development and conservation (Conley et al., 2017). In addition, the habitat map generated in this study provides spatial distribution data of marine habitats in the Beibu Gulf, supporting local ecosystem conservation efforts and assessments of climate change impacts. By identifying existing data gaps, the map can guide future ecological surveys—for instance, subtidal seaweed beds can be targeted based on suitable conditions, such as infralittoral rock areas, as defined by the Ministry of Natural Resources (MNR (Ministry of Natural Resources of the People's Republic of China), 2021). Furthermore, regional assessments and delineation of ecologically important habitats offer a scientific basis for the planning and adjustment of Marine Protected Areas (MPAs) and Marine Ecological Red Lines (MERLs) in the region (Zeng et al., 2024), thereby advancing ecosystem-based marine management by clarifying conservation zones and specifying permitted and prohibited human activities.







5 Conclusion


This study developed a novel fusion framework for multi-source, multi-temporal, and multi-disciplinary data (bathymetry, optics, substrates, geoform, and vegetation) to create the first large-scale benthic habitat distribution map of the Beibu Gulf, China. The results identified 19 habitat types, including eight littoral, five infralittoral, five circalittoral, and one deep circalittoral habitat, with dominant types (deep circalittoral mud, circalittoral mud, and infralittoral mud) covering 55%, 19%, and 14% respectively. The habitat map’s confidence level was moderate overall, with low confidence in transitional zones due to data heterogeneity, and high confidence in the littoral zone with field validation.


Building upon the EUNIS classification system, this study proposed a tailored methodological innovation by integrating biological zones, substrate, and vegetation cover, while addressing regional data gaps through an alternative approach for biological zone delineation in n the absence of wave data. The accuracy of the habitat map the lack of acoustic remote sensing data for substrate and benthic community characterization, highlighting the need for advanced data fusion techniques in future studies.


The study revealed that ecologically critical habitats (coral reefs, mangroves, salt marshes, and seagrass beds) are concentrated in intertidal and infralittoral zones, whereas extensive subtidal areas are presently described only in terms of their physical attributes. The absence spatial data on subtidal vegetation and the l the limited understanding of benthic community distributions, therefore represent clear priorities for forthcoming surveys and modelling efforts. Habitat maps have the potential to integrate and utilize a wide range of multidisciplinary and multisource data, objectively presenting the types and spatial distribution status of habitats. This provides detailed base map support for marine monitoring surveys, scientific research, ecological conservation, and development activities, thus offering broad prospects for applications.
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