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Abstract

Overfishing causes a significant decline in blue swimming crab (Portunus pelagicus) populations, an essential marine
resource for Thailand. This research aimed to identify suitable nursery areas for this species throughout the four distinct
monsoon seasons. This is the first comprehensive study of habitat characteristics: water temperature, pH, salinity,
dissolved oxygen, marine sediment, seagrass beds, and suitability assessment of nursery areas, using a combined
approach of Analytic Hierarchy Process and Geographic Information Systems. Our findings reveal that highly suitable
nursery habitats comprise a small percentage of the total study area, varying with the monsoon season: 1.66% in the
Northeast Monsoon (NEMS), 1.00% in the NEMS transition (NEMST), 1.11% in the Southwest Monsoon (SWMS), and
1.97% in the SWMS transition (SWMST). These areas are concentrated along the coastlines of Sed Island, Phum Riang,
Takrob, Tha Thong, and Donsak. Sed Island was designated as a fishery refuge zone in 2022. The identified nursery
areas coincide with existing crab banks, highlighting the model's accuracy. Conversely, unsuitable areas were
predominantly in shellfish farming zones and low-salinity estuaries. By identifying suitable nursery grounds for the blue
swimming crab, this study offers valuable information that can support Thailand's sustainable management and
conservation efforts for this species.
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1. Introduction

The blue swimming crab (BSC), Portunus pelagicus (Linnaeus, 1758), is a commercially valued crustacean
inhabiting the tropical coastal waters of the Indo-Pacific region [1]. In Thailand, the BSC is found along the coasts of
the Andaman Sea and the Gulf of Thailand, and it has populations in 21 provinces. However, this economic boom is
accompanied by a pressing environmental problem. Intensified fishing pressure driven by high domestic and
international market demand has resulted in the overexploitation of BSC populations in the Gulf of Thailand, with
estimated depletion exceeding 75.25% [2]. Bandon Bay, a vital nursery and feeding ground for BSC in the Gulf, is no
exception [3, 4]. This multifunctional habitat is home to various shellfish species, including oysters, blood cockles,
and green mussels, and serves as a spawning, nursery, and feeding ground [3]. In 2020, Thailand exported over 5,233
tons of frozen and canned BSC meat worth 879.62 billion baht to countries such as the United States, China, Taiwan,
and Hong Kong [5]. The consequences of overfishing are apparent. Practices such as the removal of immature

* Corresponding author: krisanadej@gmail.com; jkrisana@wu.ac.th
d-'} http://dx.doi.org/10. 28991 /HEF-2024-05-03-01
» This is an open access article under the CC-BY license (https://creativecommons.org/licenses/by/4.0/).

© Authors retain all copyrights.

306


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-0410-2034
https://orcid.org/0000-0003-2309-7493
https://orcid.org/0000-0001-6532-8830
https://orcid.org/0000-0003-1864-6494

Journal of Human, Earth, and Future Vol. 5, No. 3, September, 2024

specimens and gravid (egg-bearing) females significantly reduce natural recruitment and hinder population
replenishment [6]. Over the past two decades (1997-2021), BSC catches have fluctuated, dropping from 40,100 tons in
1997 to a low of 22,400 tons in 2015 before recovering to 36,245 tons by 2021 [7-11].

In response to the declining fishery resources, Thailand introduced the Crab Bank Program based on the Fisheries
Strategy 2009-2012 [12]. Under this initiative, which was expanded by the Thai Cabinet in 2018, cages are placed in
the sea or in hatcheries to house gravid BSC females [13]. Here, the females can safely spawn, and the resulting zoea
larvae (first larval stage) and young crabs are then released back into the sea to replenish the wild populations. In
Bandon Bay, there are 29 crabbing beds strategically distributed along the western and eastern coastline [14]. There is
evidence of the program's effectiveness, as BSC catches increased to 36,245 metric tons by 2021 [2]. Interestingly,
BSC females in Bandon Bay exhibit year-round spawning activity, with two distinct peaks observed from March to
May and July to September [15]. A single female with a carapace size of 9.8-16.6 cm can produce a staggering 33,268
to 2,340,000 eggs, with an average of 1,186,634. However, only 1% of these eggs survive to become young crabs
[16]. The crab bank program plays a crucial role in protecting these gravid females, allowing them to contribute to
population replenishment through successful larval releases.

A comprehensive understanding of the environmental factors impacting the survival of BSC larvae is essential. The
first stage of a BSC's life cycle (1-30 days) thrives under certain conditions: salinity between 23-30 ppt, pH between
6.5-8.5, and water temperature between 26-31°C [17-19]. Shallow (<20 m) nearshore and estuarine ecosystems
provide ideal habitats due to these factors, especially in benthic areas with sand, mud, or algae and seagrass beds [16,
20]. When BSC mature into megalopas and juveniles, they primarily inhabit coastal areas, especially those with
seagrass beds which provide shelter and a rich food source [21-23]. Researchers have successfully used Geographic
Information Systems (GIS) technology to identify several aquatic species' spawning and nursery areas, including those
for Rose shrimp, Hilsa shad, sardine, and Walleye [24-27]. However, no previous study has used GIS to identify
suitable nursery grounds for larval blue swimming crab (BSC). Therefore, this study is the first comprehensive
investigation of the factors that make certain areas in Bandon Bay suitable nursery grounds for BSC larvae.
Identifying these optimal locations will enable strategic release site selection for young crabs from the Crab Bank
program, enhancing their post-release survival and contributing to the long-term sustainability of the BSC population
in the area. The research focuses on the assessment of suitable BSC nursery areas during four different sub-seasons
within a year: the Northeast Monsoon Season (NEMS), the Northeast Monsoon Season Transition (NEMST), the
Southwest Monsoon Season (SWMS) and the Southwest Monsoon Season Transition (SWMST).

2. Material and Methods
2.1. Study Area

The study area is located in Bandon Bay, Thailand (9° 12' N-9° 26" N and 99° 12' E-99° 34' E), covering an area of
839.48 km? starting 10 km from the coast to sea (Figure 1-a, 1-b). Bandon Bay is a fertile estuary that receives
freshwater and nutrients from two major rivers, the Tapi and Phum Duang, with 11 large and minor canals [28].
Bandon Bay has an average depth of 1 m, with water depth ranging between 1-5 m [29]. Bandon Bay comprises mud
flats, mangroves, sandbars with seagrass beds, and seaweeds [30]. Seagrass beds in this area are 14.02 km? [31].
Bandon Bay experiences a distinct bimodal seasonal pattern characterized by a wet season extending from July to
December and a dry season encompassing January to June. The temperature at Bandon Bay ranges between 23.2-
32.9°C, with an annual mean temperature of 27.1°C. The yearly rainfall in Bandon Bay is 1,669.8 mm [32]. The
average runoff of the Tapi and Phun Phin rivers is 5,048.78 and 4,022.93 million m®/year, respectively (Royal
Irrigation Department Thailand: http./hydro-8.rid.go.th/).

2.2. Data and Software

Ground suitability categorization was achieved in the nursery by integrating spatial data from diverse sources.
These sources included existing Geographic Information System (GIS) data, administrative maps, topographical maps,
and field-collected data. Suitable nursery grounds were delineated based on an assessment of water quality
parameters- temperature, dissolved oxygen (DO), pH, and salinity [33]. In addition, the physical and biological
factors, such as seagrass beds and marine sediment, are also used as analysis factors. Water quality data were collected
from 32 stations (Figure 2-b), both from primary and secondary sources [34]. We collected seawater quality samples
in the study area for the first time in January during NEMS; the second in May during NEMST; the third time in
August represented SWMS, and the fourth time in November represented SWMST in 2019, 2020, and 2021. The data
on marine sediments were obtained from maps of the Ministry of Mineral Resources and navigation charts of the
Hydrographic Department of Thailand [29]. Seagrass resource data were sourced from the Department of Marine and
Coastal Resources, Thailand [31]. We classified the Landsat 8 satellite images in 2021 by visual classification method
and obtained the shoreline data. Spatial interpolation of all geospatial data and imagery was performed within ArcGIS
(version 9.2) using the Spatial Analyst extension module. A Universal Transverse Mercator (UTM) projection with
reference system WGS-84, zone 47N, was adopted for data consistency. The parameters were weighted and scored
based on the importance of the nursery ground.
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Figure 2. Location of the study site within Thailand. (a) Map of Thailand highlighting Bandon Bay (red). (b) Map of the
study area within Bandon Bay, Thailand, focusing on suitable nursery grounds for blue swimming crab (BSC).

2.3. Methods

This study employed a novel methodological framework (Figure 1) to assess the suitability of nursery grounds for
BSC larvae in Bandon Bay, Thailand. This framework utilized multi-criteria decision analysis (MCDA) techniques,
specifically the analytical hierarchy process (AHP) integrated with GIS as referenced in [35-41]. The AHP enabled
pairwise comparisons to determine the relative importance of various environmental factors, reflecting its contribution
to the overall suitability assessment. The AHP structured approach ensures a transparent and objective evaluation of
the complex interplay between ecological variables, aiding in identifying optimal nursery grounds for BSC larvae.
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The initial step involved determining the optimal conditions for developing BSC larvae. A literature review and
consultations with experts determined that these conditions were influenced by two main criteria: environmental
factors and habitat characteristics (Table 1). Environmental factors include salinity, dissolved oxygen, pH, and
temperature. Habitat characteristics include the presence and quality of seagrass beds, water depth, and the type of
bottom sediment (mud, sand, etc.).

Table 1. Nursery ground suitability index of BSC larvae

Rating and score*

Criteria Unit References
5 4 3 2 1 0
Seagrass beds - - - - Yes No [21-23]
Marine sediments Sand Sandy mud  Muddy sand Muddy Clay - [16, 20]
Salinity ppt - - 23-30 20-22,30-35 <20, >35 - [33]
Temperature (°C) - 28-32 25-27 21-24 <20 - [19]
pH - 8.0-8.5 >8.5 6.5-7.0 <6.5 - [17.,18]
DO (mg/l) - 5-7 3-4 1-2 <1 - [33]

* Rating and score: 5 Highly suitable, 4 Moderately suitable, 3 suitable, 2 Marginally suitable, 1 Not suitable

In the next step of the AHP process, we developed pairwise comparisons (Table 2). We compared each identified
criterion influencing the suitability of the BSC nursery site to all other criteria. Experts familiar with BSC larval
ecology used a Likert scale from one to five to assign scores within the matrix. Assigned scores (1-5) reflected the
relative importance of each criterion for BSC larvae, with five being the most crucial. Next, the pairwise comparison
matrix was subjected to eigenvector calculation to derive the weights for each criterion. These weights represented
each factor's relative importance in determining a site's suitability as a nursery ground. Weight consistency was
ensured by maintaining a Consistency Ratio (CR) below 0.1, as per [42].

Table 2. Pairwise Comparison Matrix for Nursery Ground Suitability Factors of BSC Larvae in Bandon Bay, Thailand.
(Values represent the relative importance of the row factor compared to the column factor)

Criteria Seagrass Seafloor Salinity Temperature pH DO Weight AHP
Seagrass beds 1 1/5 17 1/3 5 3 0.081
Marine sediments 5 1 1/3 3 9 7 0.260
Salinity 7 3 1 5 9 7 0.442
Temperature 3 1/3 1/5 1 7 5 0.146
pH 1/5 1/9 1/9 17 1 1/3 0.025
DO 1/3 17 17 1/5 3 1 0.046

Total 1

Consistency ratio (C.R.) = 0.090

Next, in the Spatial Data and Scoring step, we assigned weights to each criterion's spatial data layers within a GIS.
To create spatially continuous water quality maps, we employed inverse distance weighted (IDW) interpolation for
key parameters: pH, temperature, dissolved oxygen (DO), and salinity. We chose the IDW interpolation method
because it balances accuracy and computational efficiency. This method has provided satisfactory accuracy for various
spatial interpolation tasks [43-45]. Then, we assigned the weightings and scores to the raster map for each criterion
presented in Table 2 and Figure 3. Finally, we processed the spatial data by overlaying the six spatial data using union
techniques in ArcGIS 9.2. We stratified BSC larval nursery suitability into four classes: high, moderate, marginal, and
not suitable. We validated the model by comparing suitable areas with the recognized nursery ground for BSC larvae.
Data from secondary sources, including the opinions of blue swimming crab experts, government officials and
representatives of the Department of Fisheries, and fishermen with more than 20 years of experience in the fishery [25,
46], were used.

3. Results
3.1. Habitat Criteria and Sub-Criteria
3.1.1. Salinity

The salinity of seawater varied depending on the season. During the NEMS period, salinity measurements ranged
from 23.0 to 30.0 ppt. Notably, the central study area near the river mouth, particularly along the Muang Surat Thani
coast, exhibited lower salinity levels, ranging from 20.0-23.0 ppt (Figure 3A). During the NEMST period, salinity
measurements showed a dominance of the 23.0-30.0 ppt range, followed by a range of 30.0-32.5 ppt observed along
the Chaiya coast and in the open sea to the east (Figure 3B). During the SWMS period, salinity in the central and
eastern parts was predominantly 23-30 ppt, while the coastline of the Chaiya district exhibited a higher range of 30 to
32.5 ppt (Figure 3C). Salinity values during the SWMST period were predominantly in the range of 23 to 29.7 ppt.
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However, an exception was observed near the center area (the coastline of Muang Surat Thani), where salinity was
measured in the ranges of 20.0-23.0 ppt, 10.0-20.0 ppt, and 1.0-10.0 ppt, respectively (Figure 3D). Based on previous
studies summarized in Table 1, the most favorable salinity levels for BSC larval development are 23.0-30.0 ppt.
Salinity levels between 20.0-22.0 ppt and 30.0-35.0 ppt were considered moderately suitable, while levels below 20.0
and above 35.0 ppt are unsuitable for BSC larvae survival.

3.1.2. Seawater Temperatures

The study results showed that seawater temperatures during the NEMS were mainly between 27.33-28.00°C,
except in the nearshore areas of the Chaiya district, where temperatures ranged between 28.00-28.34°C (Figure 3E).
During NEMST, temperatures ranged from 31.00-32.00°C in the study area (Figure 3F). During SWMS, temperatures
were between 29.00-30.00°C in practically all parts of the study area (Figure 3G). Finally, during SWMST, seawater
temperatures were mainly 30.00-31.00°C, except for the western side of the study area near the coastal region of
Chaiya district, where temperatures were between 29.00-30.00°C (Figure 3H). According to previous studies
summarized in Table 1, water temperature played a crucial role in successfully developing BSC larvae. The ideal
temperature range for these larvae is between 28.00-32.00°C, providing the best conditions for survival. Moderately
suitable temperatures are found in the 25.00-27.00°C range, whereas the 21.00-24.00°C range is considered less
appropriate for BSC larvae. Temperatures below 20.00°C are considered particularly unsuitable.

3.1.3. pH

The pH value of the seawater analyzed in four periods corresponds to the Thai quality standards for seawater
between 7.0-8.5. An analysis of the pH value of the seawater revealed seasonal fluctuations throughout the study area.
During the NEMS period, pH values were predominantly between 8.0-8.1, except in the coastal regions of Tha Chang,
Chaiya, and Don Sak districts, where values were slightly higher, between 8.1-8.2 (Figure 3I). During the NEMST
period, pH was consistently in the range of 8.0-8.1 across most of the study area, except for the coastal region near the
river mouth Mueang Surat Thani district (Figure 3J). During the SWMS, pH values were between 8.2-8.3, especially
in the coastal areas of Tha Chang, Chaiya, and parts of Kanchanadit and Don Sak districts (Figure 3K). Finally, the
SWMST period showed a spatial pattern with pH values between 8.0-8.1 in the western area (including Tha Chang
and Chaiya districts) and the eastern area (including Don Sak and parts of Kanchanadit district adjacent to Don Sak).
The central area of the study site, which includes the coastlines of Mueang Surat Thani and Kanchanadit districts, had
lower pH values, ranging from 7.0-8.0 (Figure 3L). According to previous studies summarized in Table 1, pH plays a
crucial role in successfully developing BSC larvae. The ideal pH range for these larvae is between 8.0-8.5, providing
the best conditions for their survival. A moderately suitable pH value is above 8.5. pH values between 6.5-7.0 are
considered less appropriate for BSC larvae. In particular, the pH value below 6.5 was classified as unsuitable.

3.1.4. Dissolved Oxygen (DO)

Except for the SWMST period, DO levels in seawater consistently surpassed the minimum requirement of 4.0 mg/I
set by Thai seawater quality standards. During this period, DO levels below 4.0 mg/l were measured in some areas.
During the NEMS, most of the measured values were 6.0-6.5 mg/l, with even higher values (above 6.5 mg/l) observed
in the coastal areas of Tha Chang, Kanchanadit, and Don Sak districts. Lower DO levels (below 6.0 mg/l) were found
near the coastline of Chaiya district (Figure 3M). During the NEMST, DO levels ranged from 6.0-6.5 mg/l in most
study areas. However, higher values of 6.5-7.0 mg/lI were measured in the coastal regions of Tha Chang, Kanchanadit,
and Don Sak districts (Figure 3N). During the SWMS, DO levels remained in the range of 6.0-6.5 mg/l in the western
study site, which includes the coasts of Phunphin, Tha Chang, and Chaiya districts. Similar levels were observed on
the eastern side, including the coastal and offshore areas of Mueang Surat Thani, Kanchanadit, and Don Sak districts.
The lowest DO concentrations (5.2-5.5 mg/l) were observed in some coastal regions of Kanchanadit district (Figure
30). Finally, during the SWMST, DO levels in the western areas (Tha Chang and Chaiya districts) were mainly
between 5.5-6.0 mg/I. In particular, the eastern areas near the coast of Mueang Surat Thani and Kanchanadit districts
had significantly lower DO values compared to the other regions, ranging between 3.3-5.0 mg/I (Figure 3P). Previous
studies (Table 1) have shown that DO is a crucial factor influencing the development of BSC larvae. The ideal DO
range for these larvae is between 5.0-7.0 mg/l, providing the most favorable conditions for survival. Moderately
suitable DO levels fall in the range of 3.0-4.0 mg/l. However, DO concentrations between 1.0-2.0 mg/l become ideal
for BSC larvae. In particular, DO levels below 1.0 mg/I are considered entirely unsuitable.

3.1.5. Sea grass

Seagrass beds, identified as highly suitable habitats for BSC larvae (Table 1), were distributed across the coastal
areas of Ban Don Bay [31], specifically within the districts of Chaiya, Tha Chang, Phun Phin, and Mueang Surat
Thani (Figure 3Q).

3.1.6. Marine sediments

An examination of the data provided by the Department of Natural Resources and the Hydrographic Department
revealed differences in the composition of marine sediments in Ban Don Bay. Outside the coast of the bay, the
predominant sediment type is clay. Within the bay, closer to the coastline, the sediment changes to sandy mud in the
coastal regions of Mueang Surat Thani, Kanchanadit, Don Sak, and Chaiya districts and parts of Tha Chang district. In
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Phun Phin and the remaining areas of the Tha Chang district, the marine sediment is muddier, while in the Sed lands
and on the coast of the Chaiya district, sand dominates the marine sediment (Figure 3R). The suitability of marine
sediments for BSC larvae is highlighted in Table 1. Sandy bottoms are considered the ideal habitat, providing the most
favorable conditions for larval development and survival. Sandy mud provides a moderately suitable environment,
while muddier sand is always less suitable for BSC larvae. Clay, in particular, is classified as completely unsuitable
for these larvae.

3.1.7. Shellfish Farm

The areas where shellfish cultivation was permitted in Ban Don Bay were primarily near the coast and on the
shores of Tha Chang District, Phun Phin District, Mueang District, Kanchanadit District, and Don Sak District. The
total area was about 174.75 km? (Figure 3S) [47, 48]. The shellfish farming area was considered a factor indicating
that the area is not suitable for analyzing the appropriate map for BSC nursery ground.

3.2. Suitability Map

Suitability maps for the BSC larvae nursery ground in Bandon Bay were identified by weighting criteria with AHP
and using the overlay technique in ArcGIS 9.2. The results of the AHP weighting criteria revealed that salinity was the
most important criterion, followed by marine sediments, water temperature, seagrass beds, DO, and pH, respectively,
with C. R. = 0.090. The results were shown for each of the four seasons: (1) NEMS, (2) NEMST, (3) SWMS, and (4)
SWMST. Seasonal suitability maps were generated for BSC larval nursery grounds, classifying them into four
categories (high, moderately, marginal, and not suitable) for each season (Table 3 and Figure 4). These maps were
validated through expert consultation with local specialists and experienced personnel and secondary data verification.

Table 3. The suitable area for the BSC larvae nursery ground in Bandon Bay, Thailand

A suitable area for the BSC larvae nursery ground

Season Highly suitable M;)lﬂi;z}sly Marginally suitable not suitable Total
km? % km? % km? % km? % km? %
The NEMS 13.93 1.66 14.83 1.77 523.36 62.34 287.36 34.23 839.48 100.00
The NEMST 8.36 1.00 20.71 247 571.30 68.05 239.11 28.48 839.48 100.00
The SWMS 9.35 111 23.06 2.75 567.97 67.66 239.10 28.48 839.48 100.00
The SWMST 16.53 1.97 15.63 1.86 568.22 67.69 239.10 28.48 839.48 100.00

3.2.1. NE Monsoon Season-NEMS

The study revealed the distribution of suitable regions for nursery grounds. The analysis found 13.93 km?2 to be
highly suitable, 14.83 km2 moderately suitable, 523.36 km2 marginally suitable, and 287.36 km?2 unsuitable. Highly
suitable regions were primarily concentrated in the western part of the bay, notably including the coastline of Sed
Island, Phum Riang, and Takrob sub-districts. Moderately suitable areas were mainly in the Phum Riang, Thathong,
and Donsak sub-district coastline.

3.2.2. NE Monsoon Season Transition-NEMST

Our spatial analysis quantified the areas of various suitability classes for nursery grounds. Notably, 8.36 km? was
identified as highly suitable, 20.71 km? as moderately suitable, 571.30 km? as marginally suitable, and 239.11 km? as
unsuitable (Table 3). The most appropriate area was mostly in Sed Island. Moderately suitable areas were primarily
concentrated along the coastlines of Phum Riang, Takrob, Thathong, and Donsak sub-districts.

3.2.3. SW Monsoon Season-SWMS

This season's analysis identified distinct suitability classes for nursery grounds (Table 3). The results revealed that
9.35 km2 was highly suitable, 23.06 km2 moderately suitable, 567.97 km2 marginally suitable, and 239.10 km?
unsuitable. Areas exhibited high suitability for nursery grounds along the eastern coastline of Bandon Bay,
encompassing the sub-districts of Kadae, Thathong, and Donsak. The majority of areas on the west side of the bay
seem to be moderately suitable, including Sed Island, Phum Riang, and Takrob sub-district coastline.

3.2.4. SW Monsoon Season Transition-SWMST

Spatial distribution analysis quantified the total areas of various suitability classes. The study identified a total of
937.48 km? across the Ban Don Bay, categorized into suitability classes: 16.53 km2 (highly suitable), 13.63 km?
(moderately suitable), 568.22 km2 (marginally suitable), and 239.10 km? (unsuitable) (Table 3). Our analysis identified
highly suitable areas concentrated along the western coastline of the bay, encompassing Sed Island and the coastlines
of Phum Riang and Takrob sub-districts. Similarly, the most moderately suitable areas were also on the west side of
the bay, such as the Phum Riang sub-district coastline. There were also moderately suitable areas east of the bay, such
as the Kadae, Thathong, and Donsak sub-district coastline.
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Figure 3. GIS-based criterion maps and environmental parameters of Bandon Bay province, Thailand, during four seasons

“THe Galf of Thailand

(A) The NEMS (B) The NEMST (C) The SWMS (D) The SWMST

Figure 4. Suitability maps at the different seasons for the BSC larvae nursery ground in Bandon Bay, Thailand
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4. Discussion

This study presented the use of applied AHP integrated with the GIS to evaluate the suitability of the BSC larval
nursery ground in Bandon Bay, Thailand, during the four seasons: (1) The NEMS, (2) The NEMST, (3) The SWMS,
and (4) The SWMST. The results indicated that the suitable BSC nursery ground of Bandon Bay in all seasons was in
the same areas based on the salinity level of the seawater [33]. During the NEMS, the current flowed northwest of the
bay toward the Tha Chana district [34, 49, 50]. The higher salinity water outside the bay mixed with the bay water,
resulting in an appropriate salinity level for BSC nursery of 23.0-30.0 ppt. During this season, the highly and
moderately suitable nursery ground areas are situated on the western bayside. This coincides with the NEMST wind
patterns, which cause water currents to flow eastward across the bay. Therefore, the highly suitable area was moved
into the middle of the bay into a sandy area. During the SWMS, water flowed from the mouth of Bandon Bay to the
east of the bay into the area of the Kanchanadit and Donsak districts [33, 49, 50]. Therefore, this area became a highly
suitable BSC nursery area. In the SWMST, the water flowed less and moved towards Phun Phin district in the western
part of the bay. Thus, this area has become highly and moderately suitable for BSC nursery areas.

The results showed that the Sed Island areas were highly and moderately suitable for BSC larvae nursery grounds
in all seasons due to two possible reasons: (1) Sed Island is composed of 11 sandbars that reduce the current flow rate
[28], and (2) seagrass beds provide a complex habitat as a refuge and foraging sites for BSC zoea [50-52].
Furthermore, Sed Island offers environmental conditions favorable for BSC reproduction, such as suitable seawater
temperature, dissolved oxygen (DO), and salinity levels [28]. Thongkhao [51] surveyed sandbars and seagrass beds at
Sed Island and found zoea and megalopa stages of BSC. Significantly, study results suggest consistency with Sed
Island being declared an area of fisheries refuge under the “Establishment and Operation of a Regional System of
Fisheries Refugia in the South China Sea and Gulf of Thailand project” [52].

The analysis revealed that areas with the highest and moderate suitability for nursery grounds coincided spatially
with the proximity of existing crab bank operations. There are three crab banks in the Takrob sub-district: 16 in the
Phum Riang sub-district, one in the Plaiwas sub-district, and two in the Donsak sub-district. In the Chaiya district, the
community plans to set up a crab bank. An area within 500 m of the shoreline has been identified as a nursery and
fisheries refuge for the community [14]. The suitable nursery in the coastal area of the Chaiya district obtained from
the study was arranged in a highly appropriate and moderately suitable area consistent with current community-based
activities.

Similarly, in the Takrob sub-district, the community designated an area 1,000 m offshore as a conservation area for
aquatic animals. Mekdaeng & Chairattana [53] monitored the release of BSC larvae in the Takrob sub-district
conservation area and found them distributed there. This study showed that the Phum Riang sub-district coastal line is
highly and moderately suitable for all seasons. Seagrass beds provide refuge for BSC larvae [30, 51]. Moreover, sandy
marine sediments make the area ideal as a nursery ground for BSC [16, 20].

The marginally suitable areas for BSC nurseries were found in most seasons. No seagrass beds were in the slightly
suitable areas, and the sediments were clayey and not sandy. Most areas that should be more suitable were close to the
coast where shellfish farming is practiced [54]. The cockle farming areas were located in extensive areas with soft
sediments and low topography, making them suitable for extensive mechanical harvesting. Cockle harvesting, which
occurs every 15 days, results in intensive and extensive physical disturbance of the substrate, making the areas
unsuitable for BSC rearing [55]. According to the Sawasdee et al. [34] study, no BSC larvae were found in the areas
where cockles are harvested. Additionally, several rivers, notably the Tapi River, contribute freshwater to Bandon
Bay, particularly during the rainy season. The study found that the salinity of the Tapi River estuary in the SWMS and
SWMST was below 20 ppt, resulting in unsuitable conditions for a rearing area for BSC larvae [56]. Finally, water
current must be considered when releasing BSC larvae, especially at the zoea stage. The water current transports the
BSC larvae to an area suitable for the nursery ground [34]. This study helps us to understand how we can determine
fishery refuges and suitable areas for BSC nursery areas, increase BSC survival rates, and support future management
of BSC.

5. Conclusion

This study investigated the environmental suitability factors for BSC larvae. Salinity was generally in a favorable
range (23.0-30.0 ppt) throughout the year, except in areas near the river mouth during the SWMST season. Seawater
temperatures were primarily suitable for BSC larvae across all seasons (27.33-32.00°C). DO concentrations met the
minimum threshold (4.0 mg/l) except in some eastern areas during SWMST, indicating potential limitations. The pH
values remained within the acceptable range for BSC larvae (7.0-8.5) throughout the study. Seagrass beds in the
coastal areas and sandy bottoms near the coast provide ideal habitat characteristics for BSC larvae. In contrast, clayey
sediments outside the bay and areas designated for shellfish aquaculture are unsuitable for BSC larvae which prefer
sandy environments. These results suggest that Ban Don Bay has the potential to serve as a nursery area for BSC
larvae, with conditions varying by location and season. The most favorable conditions for larval development and
survival are in areas with salinity between 23-30 ppt, temperatures between 28-32°C, DO levels above 5.0 mg/I, and
seagrass beds or sandy bottoms. Areas with significant freshwater influence or shellfish farming may be less suitable
due to lower salinity or altered seabed characteristics.
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This study applied the AHP and GIS combined approach to identify specific Bandon Bay area most suitable for
BSC nursery areas. The results were validated by expert opinion and secondary data. Further research could include
analyzing the distribution patterns of larvae within the bay to validate the suitability maps produced in this study.
Spatial distribution analysis revealed that during the NEMS season, 1.8% of the total study area was highly suitable
for nursery grounds, while 2.71% was moderately suitable. In contrast, during the NEMST season, these values were
1.01% and 3.98%, respectively. During the SWMS season, they showed the highest proportion of moderately suitable
areas (4.21%), with 1.28% classified as highly suitable. SWMS season analysis pinpointed 2.11% of the study area as
ideal for nursery grounds, while an additional 3.00% was classified as moderately suitable. Changes mainly influence
seasonal variations in suitable areas in seawater salinity, seawater temperature, and other environmental factors. The
suitable areas were primarily on the coastline of Sed Island, Phum Riang, Takrob, Tha Thong, and Donsak sub-
districts. In addition, the results indicated that the suitable areas obtained from the study matched the locations of crab
banks operating in the area. The areas were unsuitable, mainly in cockle farming areas and estuaries with low salinity
levels. Overall, the results indicate that Bandon Bay has the potential to serve as a nursery area for BSC larvae, with
some differences depending on location and season.

This study successfully identified factors such as salinity, temperature, marine sediment characteristics, and areas
suitable for BSC larvae in Bandon Bay. These critical environmental factors are essential for BSC larvae in all
regions, suggesting that the results may be transferable to other locations with similar crab species. However, the
generalizability of the study may be limited. First, the study focuses on the specific environment of Bandon Bay,
including factors such as currents and freshwater input, which could be different in other regions. Second, validating
the suitability maps with data on the actual distribution of larvae in the bay would strengthen the applicability of these
results in the other areas. Finally, the study's exclusive focus on BSC larvae restricts direct application to other crab
species, which may exhibit distinct habitat preferences. While this study provides valuable insights into the suitability
of BSC larval habitats in Bandon Bay, broader application would require consideration of regional environmental
variation, larval distribution patterns, and possibly other crab species. Further research in other locations and
considering these factors could lead to a more broadly applicable framework for BSC conservation efforts.
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