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Geomorphological survey of intertidal oyster reefs based on UAV Structure-from-Motion photogrammetry
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Abstract: Oyster reefs is an important coastal morphological system, the spatial distribution pattern of the reefs profoundly influences the
surrounding hydrodynamic and sedimentary processes, which in turn affects the evolution of oyster reefs. The Liyashan oyster reef in Haimen,
Jiangsu, is an important and rare ecosystem in the Chinese coast; however, it has been seriously degraded by sediment cover and human fishing
in recent years. A geomorphological observation of the oyster reefs in Liyashan was carried out using an unmanned aerial vehicle (UAV). Based
on the SfM (Structure from Motion) photogrammetry, high-resolution three-dimensional models of the aerial photography region were
reconstructed, including orthophoto and digital elevation model (DEM). Then, the visual interpretation and profile analysis on the reconstructed
models were conducted. Results show that the oyster reefs are mainly composed of three types in distribution shape: string, patch, and ring. The
“string” oyster reef ridges are generally oriented north-south, likely were formed by the degradation of “ring” reefs or self-organization process
of oysters. The elevation differences within the surveyed area could reach more than 5 m, the highest elevation was 0.5 m (1985 national
elevation), while the lowest elevation was —4.7 m. The reefs are still in a degraded state, and the evolutionary process is mainly as follows:
potholes appear on the surfaces of the reefs — further expansion and extension of potholes — formation of grooves— segmentation and
disintegration of the reefs, accompanied by sedimentary burial of the reefs. This study shows that the UAV SfM technique can efficiently obtain
geomorphological data of oyster reefs, which provides a strong support for studying the evolution of oyster reefs.
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Fig.1 Location of the study area

a: Jiangsu coast, the red rectangle corresponds to area b; b: Xiaomiaohong channel and Liyashan oyster reef, the blue rectangle corresponds to Liyashan oyster

reef, the red rectangle is the eastern part of the reef area, corresponding to the unmanned aerial vehicle (UAV) photography area in Figure Ic; c: UAV

photography area (the base map is the orthophoto reconstructed in this study), the blue dashed rectangle corresponds to the oyster reef dense area, and the

yellow rectangle is the measurement area of validation points on the “ring” reef.
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Fig.2 Distribution of validation points and comparison of accuracy
a: distribution of validation points; b-d: comparison of RTK-measured elevation (CGCS2000 elevation) with DEM (digital elevation model) elevation without
correction and the DEM elevation corrected against control points; e: correlation between the DEM elevation without correction and the RTK-measured

elevation; f: correlation between the DEM elevation corrected against control points and the RTK measured elevation.
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Fig.3 DEM (1985 national elevation) corresponding to the UAV photography area

a: DEM (digital elevation model) with a stretched effect, where L1-L7 are profile lines across multiple parallel “string” oyster reefs; b: 5 categories of DEM
classified by Jenks natural break method.
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Fig.4 Oyster reefs at different stages of evolution

a: potholes on the surface of reef, b: expansion and extension of potholes, c: grooves separating the reef, d: secondary reef flat, e: breakup and burial of reef

mass, f: proto-reef flat.
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Fig.5 Main morphologies of oyster reefs in the aerial photography area

Red lines indicate “string” oyster reefs, yellow lines indicate “patch” oyster reefs, and blue lines indicate “ring” oyster reefs.
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