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Abstract: Changshan archipelago in North Yellow Sea, the biggest base for Japanese scallop aquaculture in China, has
recently experienced a series of problems including large-scale scallop death, environmental degradation and sea use
conflicts. Most of them are attributed to the shortage of scientific spatial planning for Japanese scallop aquaculture and the
subsequent over-density issue to great extent. The local government and farmers are in urgent need of the technology and
scientific foundation for spatial adjustment and optimization of current scallop aquaculture. It is widely accepted that the
definition and characterization of suitable aquaculture zones is pivotal for the success and sustainable development of

aquaculture, GIS based suitability studies for aquaculture site selection, however, are surprisingly very rare in China. With
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the islands of Dachangshan and Xiaochangshan (IDX) as a case, a GIS-based aquaculture site suitability index ( SSI)
model was used in the spatial suitability analysis of Japanese scallop aquaculture. The distances to towns, biological
conservation zones, island tourism zones, fishery harbors and navigation lines in addition to SST, bathymetry, water
transparency, Chl a were used as criteria or parameters for site selection, which were selected according to the current sea
uses and ecological issues of concern in IDX and the requirements of Japanese scallop for environments as well. Field
surveyed data were used to obtain the parameters for Chl a and water transparency whereas the other parameters were
extracted from basic geospatial vector data or raster data( only ocean color SST here) for the study area to produce thematic
layers in the form of raster by means of distance tool or interpolation tool in ArcGIS 10. All data were re-sampled or
interpolated to the same resolution of 250 meters and a suitability score for each criterion was established using a scoring
system from 1 to 8, with 8 being the most suitable and 1 being the least suitable for developing scallop culture. To make full
use of the expertise and research results of foreign scientists in this field, the weights and scoring system for these
parameters were mainly determined according to relevant references and slightly adjusted based on the opinions of local
aquaculture experts and farmers. After that, a site suitability index model based on a liner weighted combination of
suitability score for each parameter was used to calculate the site suitability index (SSI) for each assessment unit ( pixel
here). Due to the sea use conflicts between scallop aquaculture and navigation, biological conservation and island
recreation, some water areas cannot be used as scallop aquaculture sites and form spatial constraints. Given that the issue of
sea use conflicts is a big concern in marine aquaculture site selection, the spatial and areal distribution of SSI for IDX were
analyzed both in the scenarios of no spatial constraints and spatial constraints, on which basis aquaculture structure
optimization plan for IDX was proposed in this paper. The results showed that IDX were fairly suitable for Japanese scallop
aquaculture and of big spatial variation. 32.06% of the potential water area (211.81 km®) had suitability index bigger than
6.0 in the scenario of no spatial constraints. The highly suitable sites with SSI above 7 ( accounting for 4.73% of the
potential water area) were mainly distributed to the northwest and southwest of Dachangshan Island with an area of 44.06
km’. In addition, it was found that the spatial constrains mainly resulted from the sea use conflict between aquaculture and
marine navigation, which made the area of highly suitable level (SSI>7.0) drop from 44.06 km® to 19.56 km’. The
adjustment of navigation line can improve the potential of scallop aquaculture potential greatly. In this paper, the impact of
scallop aquaculture on nature reserve of wild fishery species was considered in the scallop site suitability model, highlighting
the concern of biodiversity conservation. Besides, the role of land based social-infrastructure resources such as fishery
harbors and towns in site selection reflected the thought of land-ocean overall planning. In the end, advice on the spatial
pattern adjustment of Japanese scallop aquaculture in IDX was given based on the aquaculture site suitability analysis. The
results are expected to provide an important scientific foundation for spatial structure optimization of Japanese scallop
aquaculture in IDX whereas the methodology can be used as an important reference for the spatial pattern adjustment of

marine aquaculture in China.

Key Words: aquaculture site suitability assessment; Islands of Dachangshan and Xiaochangshan; land-ocean overall

planning; GIS-based model
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Fig.1 Location and sea uses of the islands of Dachangshan and Xiaochangshan, North Yellow Sea
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Table 1

and Xiaochangshan

Scoring system and weights for criteria used in Japanese scallop aquaculture site selection in the islands of Dachangshan

&hr S Score Wik
Criteria 1 2 3 4 5 6 7 8 Weight
18371 MR/ C
KRR 13.1—13.4  12.8—13.1 12.5—12.8 12.2—I12.52 11.9—12.2 11.6—I11.9 11.3—11.6 11.0—11.3 0.15
Sea surface temperature
JKI& Bathymetry/m <5 5—1.5 7.5—10 10—12.5 12.5—15 15—17.5 17.5—20 >20 0.06
B Transparency/m <1 1—1.5 1.5—2 2—2.5 2.5—3 >4 3—3.5 3.5—4 0.09
4% a W 3
R o B (mg/m") >4.5 4—45 354 335 0.9—1.5 152 253 225 0.4
Chl a concentration

X B/ k
SRR ko 3 3—4 4—s 5—6 6—7 7—8 8—9 >9 0.1
Distance to nature reserve
Yy B i
@P%&E%/kfn >9 8—9 7—8 6—7 5—6 4—5 3—4 <3 0.07
Distance to fishery harbor
WIS /K
ﬁﬁgﬂﬁ% " >9 8—9 7—8 6—7 5—6 4—5 3—4 <3 0.09
Distance to town
T
DBk <1 1—2 2—3 3—4 4—5 5—6 6—7 >7 0.04

Distance to tourism spots
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Fig.2 Site suitability index ( SSI) of Japanese scallop aquaculture in the islands of Dachangshan and Xiaochangshan without consideration

of spatial constraints

®2 KMRLBBEHRENFREESEESERRETERS
Table 2  Site suitability index (SSI) levels of Japanese scallop aquaculture and their areal distribution in the islands of Dachangshan

and Xiaochangshan

SSI 4% SSI 4 e el T /km? il % T km? * Ll % *
SST level SSI score range Area Percentage Area Percentage
i Low <3.0 0 0 0 0

K Relatively low 3.0—4.0 78.5 11.88 40.19 9.972
125 Moderate 4.0—6.0 370.38 56.06 232.19 57.615
B85 Relatively high 6.0—7.0 167.75 25.39 111.00 27.559
# High 7.0—8.0 44.06 6.67 19.56 4.854

AT s B0 TET AR A L A1) 2 1 s [ ) 249 R 3R ) T AR L 4]
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Fig.3 The suitability levels of Japanese scallop aquaculture in the islands of Dachangshan and Xiaochangshan in the scenario of no spatial

constraints and that of spatial constraints
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