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ARTICLE INFO ABSTRACT

Avrticle History: Pacific white shrimp has emerged as a high-value economic commodity
Received: May. 27, 2025 extensively developed in various countries including Indonesia. Several
Accepted: July 15,2025 areas have been designated for its aquaculture development. West
Online: Aug. 10, 2025 Halmahera Regency is recognized as one of the potential regions for such
development. This study aimed to evaluate the land suitability for Pacific

white shrimp aquaculture in the coastal regions of West Halmahera
Regency, North Maluku Province, Indonesia. Observations were conducted
at eight existing pond sites: Toniku (TU), Tewe (TE), Dodinga (DA), Tuada
(TA), Payo (PO), Bobo (BO), Sahu (SU), and Ibu (IU). Data collection
involved assessing infrastructure, water quality, and soil conditions. The
collected data were analyzed for land suitability and further visualized
through tabulated results and land suitability maps. The analysis revealed
that the TU area has 70.06 Ha classified as moderately suitable; the TE area
has 55.70 Ha classified as moderately suitable; the DA area has 27.52 Ha
classified as moderately suitable; the TA area has 96.39 Ha classified as
highly suitable; the PO area has 46.71 Ha classified as moderately suitable;
the BO area has 39.43 Ha classified as moderately suitable; the SU area has
77.34 Ha classified as highly suitable; and the 1U area has 300.40 Ha
classified as highly suitable and 315.36 Ha as moderately suitable. The
study concludes that based on parameters of infrastructure, water quality,
and soil conditions, the Toniku, Tewe, Dodinga, Tuada, Payo, Bobo, Sahu,
and Ibu areas in West Halmahera Regency, are suitable for Pacific white
shrimp aquaculture development.
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INTRODUCTION
Global aquaculture production continues to exhibit a significant upward trend to

meet the world’s food demands. In 2022, global aquaculture production reached a high
record of 130.9 million tons, with an estimated farm-gate value of USD 312.8 billion
(FAO, 2024). Various species have been successfully cultivated, with Pacific white
shrimp (Penaeus vannamei) being a notable example (N’Souvi & Sun, 2025). This
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species ranked as the most produced in 2022, with a production volume of 6.8 million
tons (FAO, 2024).

Pacific white shrimp has emerged as a high-value economic commodity widely
cultivated across several countries, including Indonesia, recognized as one of the leading
producers (Davis et al., 2022; Muthu et al., 2024). The species offers several
comparative advantages, such as high survival rates, the availability of quality seed stock
maintained through Specific Pathogen-Free (SPF) programs, the ability to be cultured at
high stocking densities, and resistance to diseases (Alday-Sanz et al., 2020; Villarreal,
2023).

However, the development of Pacific white shrimp aquaculture faces substantial
challenges. Site selection plays a critical role in determining aquaculture productivity.
Traditional and semi-intensive aquaculture systems for the black tiger shrimp (P.
monodon) and Pacific white shrimp have experienced declining production due to poor
water suitability in aquaculture areas, as observed in Sidoarjo Regency, East Java
(Hukom et al., 2020). Factors such as soil suitability, water salinity, land depth, and
infrastructure are key to optimizing aquaculture yields (Hadipour et al., 2015). Without
planned land management, negative environmental impacts, including water pollution
and coastal ecosystem degradation, may occur, ultimately threatening the sustainability of
the aquaculture sector (Beveridge & Brummett, 2015). Therefore, land suitability
analysis is a critical initial step in planning sustainable aquaculture development (Assefa
& Abebe, 2018).

The land suitability analysis process serves as a key indicator in planning optimal
aquaculture land use (Purnomo et al., 2022). This is evident in the early development
phases of a 2,399-hectare Pacific white shrimp aquaculture project in Barru Regency, as
well as the development of intensive and super-intensive aquaculture systems in Takalar,
Jeneponto, and Bulukumba Regencies of South Sulawesi Province (Tantu et al., 2019;
Mustafa et al., 2023). Additionally, West Halmahera Regency has been identified as a
potential region for Pacific white shrimp aquaculture development. The coastal area of
Jailolo District, for instance, offers 329.27 hectares of suitable land for brackish water
aquaculture, particularly for Pacific white shrimp cultivation (Tamrin et al., 2024).
Several other areas within the region remain unmapped for their land suitability. This
study aimed to evaluate the land suitability for the development of the Pacific white
shrimp aquaculture in West Halmahera Regency.

MATERIALS AND METHODS
1. Study area
This study was conducted across eight existing aquaculture pond sites along the

coastal areas of West Halmahera Regency, North Maluku Province, Indonesia. These
sites include Toniku (TU), Tewe (TE), Dodinga (DA), Tuada (TA), Payo (PO), Bobo
(BO), Sahu (SU), and Ibu (lIU) regions. The local government has designated intertidal
zones for fisheries development, and portions of these areas have been converted into
aquaculture ponds.
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2. Data collection

Data collection involved gathering information on infrastructure parameters,
water quality parameters, and soil parameters (Hadipour et al., 2015; Tamrin et al.,
2024). Infrastructure data included the distance to markets, main roads, and hatcheries,
which were measured through direct in situ observations. Water quality parameters
monitored included water temperature, salinity, dissolved oxygen (DO), water pH, total
ammonia nitrogen (NHs), nitrite (NO2"), hydrogen sulfide (H2S), mercury (Hg), lead (Pb),
and cadmium (Cd). Data for temperature (using a thermometer), salinity (using a
refractometer), dissolved oxygen (using a DO meter), and water pH (using a pH meter)
were collected in situ. In contrast, measurements for NHs, NO2", H>S, Hg, Pb, and Cd
were conducted ex situ in a laboratory using a spectrophotometer. Soil parameters,
including soil pH, were measured in situ using a pH meter.

3. Data analysis

The collected data were analyzed using a water suitability assessment to
determine the appropriateness of each site for aquaculture based on infrastructure, water
quality, and soil parameters. The land suitability criteria were categorized into four
classes: highly suitable (S1), moderately suitable (S2), marginally suitable (S3), and non-
suitable (N). These classes were assigned scores of 4 for S1, 3 for S2, 2 for S3, and 1 for
N. Each parameter was weighted based on its significance (Table 1). The scoring and
weighting values were then used to calculate the total score range for each suitability
class, where S1 ranged from 326-400, S2 from 251-325, S3 from 176-250, and N from
100-175. The suitability analysis results for the TU, TE, DN, TA, PO, BO, SU, and IU
areas were tabulated to develop suitability maps following the procedures of (Hossain &
Das, 2010).

Tabel 1. The classification criteria for the land suitability evaluation for Pacific white
shrimp aquaculture development in West Halmahera, Indonesia
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Parameters Range RatirEgA)S core W(eég;ht Score (AxB)
Infrastructure Parameter
Distance to markets (km) <3 4 5 20
3-7 3 15
7-12 2 10
>12 1 5
<2 4 5 20
Distance to main roads (km) -3 3 15
_5 2 10
>5 1 5
<3 4 5 20
. . 3-7 3 15
Distance to hatcheries (km)
7-12 2 10
>12 1 5
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Table 1 (continued)

Parameter Range Rating Score Weight Score
(A) (B) (AxB)
Water Quality Parameter

28 — 32 4 80
Temperature 33-36 3 15 60
(°C) 24 — 27 2 40
<24 and >37 1 20
15-25 4 60
Salinity 26 — 35 3 15 45
(ppt) 5-14 2 30
<5and >35 1 15
40-75 4 60
Dissolved oxygen 3.0-3.9 3 15 45
(mg/L) >75 2 30
<30 1 15
75-85 4 20
6.0-7.0 3 15
Water pH 8690 ) 5 10
<6.0 and >9.0 1 5
<0.1 4 20
Total ammonia nitrogen 0.2-0.5 3 5 15
(mg/L) 06-1.0 2 10
>1.0 1 5
0-0.05 4 20
- 0.06 - 0.09 3 15
Nitrite (mg/L) 1-14 ) 5 10
>1.5 1 5
<0.01 4 20
. 0.02-0.20 3 15
Hydrogen sulfide (mg/L) 0.21 - 0.40 ’ 5 10
>0.41 1 5
0-0.019 4 20
0.2-0.3 3 15
Mercury (mg/L) 0.4 -013 ’ 5 10
>1 1 5
<0.1 4 20
0.1-0.2 3 15
Lead (/L) 0.2-04 2 > 10
>0.5 1 5
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Table 1 (continued)
. Weight Score
Parameter Range Rating Score (A) B) (AXB)
0-0.016 4 20
. 0.2-0.3 3 15
Cadmium (mg/L) 0.4 -0.13 ) 5 10
>1 1 5
Soil Quality Parameter
6.5-85 4 20
. 5.5-6.4 and 8.6-9.0 3 15
Soil pH 4-54and 9.1-10 2 ° 10
<4 and >10 1 5

Source: Tamrin et al. (2024).

RESULTS

1. Infrastructure, water quality, and soil parameters
Infrastructure, water quality, and soil condition parameters significantly influence

aquaculture activities. Observations of these parameters along the coastal areas of West
Halmahera Regency are summarized in Table (2). Current infrastructure factors, such as
road access, market proximity, and hatchery availability, reveal several limitations. All
observed sites are located more than 5km from the nearest road, exceeding the optimal
distance of <2 km. Distances to local markets are greater than 12km, with the central
market located approximately 31.56km away in Ternate City. Hatchery units are also
situated over 12km from the sites, with fry typically sourced from Barru Regency, South
Sulawesi.

Water quality measurements show that temperatures range from 29.83 to 30.33°C,
within the optimal range of 28— 33°C. Salinity levels vary between 14.33 and 28.00ppt,
falling within the ideal range of 5— 40ppt. Dissolved oxygen concentrations range from
4.93 to 6.40mg/ L, aligning with the optimal 5— 7mg/ L. pH values vary between 7.22 and
7.96, which is suitable for aquaculture. Total ammonia nitrogen concentrations are
generally within the acceptable limit (< 0.1mg/ L), except at the Tewe site (1.112mg/ L),
which remains within the tolerable limit (<1.25 mg/L). Nitrite levels range from 0.018 to
0.026mg/ L, meeting the < 0.5mg/ L standard. Hydrogen sulfide concentrations are below
0.001mg/ L, well within the acceptable limit of <0.01 mg/L. Heavy metals—including
mercury (0.0001- 0.0005mg/ L), lead (0.0058- 0.0108mg/ L), and cadmium (0.0013—
0.0024mg/ L)—are all within safe concentrations.

Soil pH varies considerably between locations, ranging from 4.08 to 7.50. Most
sites (Toniku, Tewe, Dodinga, Payo, Bobo, and Ibu) are acidic and do not meet the
optimal range of 6.5-7.5, although all remain above the lethal threshold of 3.7 for shrimp.
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Table 2. Infrastructure, water quality, and soil quality conditions

Area
Parameter

TU TE DA TA PO BO suU U
Distance to >12 >12 >12 >12 >12 >12 >12 >12
markets (km)
Distance to main >5 >5 >5 >5 >5 >5 >5 >5
roads (km)
D|stanc_e to >12 >12 >12 >12 >12 >12 >12 >12
hatcheries (km)
;‘é”)“perat“re 30.00 3000 29.83 30.00 30.00 3033 3000 30.00
Salinity (ppt) 2700 2683 2800 2667 1983 2000 2317 1433
Dissolved 551 575 598 557 565 640 556  4.93
oxygen (mg/L)
Water pH 796 772 722 750 724 741 762  7.37
Totalammonia (500 1915 0370 0345 0318 0660 0319  0.378
nitrogen (mg/L)
Nitrite (mg/L) ~ 0.019  0.019 0018 0019 0018 0.026 0018 0.019
Hydrogen <0.001 <0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
sulfide (mg/L)
Mercury (mg/L)  0.0002 0.0001 0.0005 0.0002 0.0001 0.0002 0.0002 0.0002
Lead (mg/L) 00024 0.0017 0.0013 0.0013 0.0020 0.0012 0.0014 0.0018
?rgg;r_')“m 0.0078 0.0108 0.0096 0.0096 0.0058 0.0089 0.0102 0.0078
Soil pH 442 433 450 600 408 450 750 450

Note: TU (Toniku Area), TE (Tewe Area), DA (Dodinga Area), TA (Tuada Area), PO (Payo Area), BO
(Bobo Area), SU (Sahu Area), and 1U (Ibu Area).

2. Land suitability
The site assessment results indicate that the Toniku (TU) area, covering 70.06 ha,

is categorized as moderately suitable (S2) (Fig. 1). The Tewe (TE) area, with 55.70 ha, is
also classified as moderately suitable (S2) (Fig. 2). The Dodinga (DA) area, covering
27.52 ha, falls into the moderately suitable (S2) category (Fig. 3). The Tuada (TA) area,
measuring 96.39 ha, is classified as highly suitable (S1) (Fig. 4). The Payo (PO) area,
with 46.71 ha, is categorized as moderately suitable (S2) (Fig. 5). The Bobo (BO) area,
covering 39.43 ha, is also moderately suitable (S2) (Fig. 6). The Sahu (SU) area, with
77.34 ha, is considered highly suitable (S1) (Fig. 7). The lbu (IU) area includes 300.40 ha
of highly suitable (S1) land and 315.36 ha of moderately suitable (S2) land (Fig. 8).
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DISCUSSION

Infrastructure, water quality, and soil condition parameters significantly influence
aquaculture activities (Hadipour et al., 2015; Tamrin et al., 2024). Observations of
these parameters along the coastal areas of West Halmahera Regency are presented in
Table (2). Key infrastructure factors—such as road access for ease of transportation, post-
harvest marketing facilities, and the proximity of hatchery units—play a critical role in
operational efficiency. Development sites should ideally be located near the main road
network. However, observations indicate that the distance to the nearest road exceeds
5km in all areas (Table 2), exceeding the optimal condition of less than 2km (Hadipour
etal., 2014).

Proximity to markets is also essential for successful aquaculture development. All
observed locations are more than 12km from the nearest market, with the primary market
located in Ternate City, approximately 31.56km from the pond areas (Table 2). This does
not meet the recommended distance of less than 3km (Hadipour et al., 2014). Similarly,
hatchery proximity is critical for production efficiency. Observations show that hatchery
units are more than 12km away (Table 2), with most fry sourced from Barru Regency,
South Sulawesi Province. This is outside the optimal distance of less than 3km
(Hadipour et al., 2014).

Water quality parameters also directly affect fish growth, production, quality, and
profitability (Tumwesigye et al., 2022). Among these, temperature is a key factor,
influencing growth, reproduction, and behavior (Volkoff & Rgnnestad, 2020). Observed
water temperatures ranged from 29.83 to 30.33°C (Table 2), which is within the optimal
range of 28— 33°C (National Standardization Agency of Indonesia, 2014).

Salinity, the concentration of dissolved salts in seawater, is crucial for the
osmoregulation of aquatic organisms and significantly affects shrimp growth and survival
(Anufriieva & Shadrin, 2023). Observations recorded salinity levels from 14.33 to
28.00ppt (Table 2), within the optimal range of 5— 40ppt (Ministry of Marine Affairs
and Fisheries, 2016).

Dissolved oxygen (DO) is vital for aquatic life, affecting survival, growth, and
health (Li et al., 2022). Recorded DO levels ranged from 4.93 to 6.40mg/ L (Table 2),
aligning with the optimal range of 5- 7mg/ L (Ministry of Marine Affairs and
Fisheries, 2016).

pH, defined as the negative logarithm of hydrogen ion concentration, is another
critical factor (Tsai et al., 2022). The ideal pH for aquaculture is between 6.5 and 8.5
(Dos Santos et al., 2020). In this study, water pH ranged from 7.22 to 7.96 (Table 2),
meeting the optimal range for the Pacific white shrimp of 7-8.5 (National
Standardization Agency of Indonesia, 2014).

Total ammonia nitrogen (TAN) and nitrite are toxic at high concentrations, causing
stress, organ damage, and mortality in aquatic species (Kir & Sunar, 2018;
Thorarensen et al., 2023; Zhang et al., 2023). Observed TAN values ranged from 0.308
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to 1.112mg/ L (Table 2). While most were within the optimal limit of < 0.1mg/ L
(National Standardization Agency of Indonesia, 2014), the Tewe site recorded
1.112mg/ L—exceeding the optimal range but still tolerable (< 1.25mg/ L) (Sun et al.,
2023). Nitrite levels ranged from 0.018 to 0.026mg/ L (Table 2), well within the standard
of <0.5mg/ L (Gross et al., 2004).

Hydrogen sulfide, a toxic gas lethal even at low concentrations, can also cause odor
problems (Smith & Oseid, 1972). Recorded levels were < 0.001mg/ L (Table 2), within
the safe limit of < 0.01mg/ L (Ministry of Environment, 2004).

Heavy metals such as mercury, lead, and cadmium negatively affect fish growth
and reproduction (Ray & Vashishth, 2024). Mercury levels ranged from 0.0001 to
0.0005mg/ L (Table 2), within the optimal 0-0.019mg/ L (National Standardization
Agency of Indonesia, 2009). Lead levels ranged from 0.0058 to 0.0108mg/ L, within the
safe limit of < 0.lmg/ L (National Standardization Agency of Indonesia, 2009).
Cadmium levels ranged from 0.0013 to 0.0024mg/ L (Table 2), within the optimal 0—
0.016mg/ L (National Standardization Agency of Indonesia, 2009).

Soil pH is equally important, influencing pond conditions and species health (Ritvo
et al., 2003; Shafi et al., 2021). Observations ranged from 4.08 to 7.50 (Table 2). The
optimal range for aquaculture is 6.5-7.5 (Vinothkumar et al., 2018). Most sites—
including Toniku (4.42), Tewe (4.33), Dodinga (4.50), Payo (4.08), Bobo (4.50), and Ibu
(4.50)—were acidic, though still above the lethal threshold of pH 3.7 for shrimp (Allan
& Maguire, 1992).

The conditions of infrastructure, water quality, and soil quality ultimately determine
aquaculture development potential. Ideally, development should be based on land
suitability conditions (Mustafa et al., 2022), as demonstrated in the intensive Pacific
white shrimp projects in Barru Regency (2,399 ha) and the supra-intensive systems in
Takalar, Jeneponto, and Bulukumba Regencies (Tantu et al., 2019; Mustafa et al.,
2023).

The site assessment results show: Toniku (TU), 70.06 ha, moderately suitable (S2)
(Fig. 1); Tewe (TE), 55.70 ha, moderately suitable (S2) (Fig. 2); Dodinga (DA), 27.52 ha,
moderately suitable (S2) (Fig. 3); Tuada (TA), 96.39 ha, highly suitable (S1) (Fig. 4);
Payo (PO), 46.71 ha, moderately suitable (S2) (Fig. 5); Bobo (BO), 39.43 ha, moderately
suitable (S2) (Fig. 6); Sahu (SU), 77.34 ha, highly suitable (S1) (Fig. 7); Ibu (1U), 300.40
ha, highly suitable (S1), and 315.36 ha, moderately suitable (S2) (Fig. 8).

Brackish water aquaculture areas classified as S1 have only minor limiting factors
that do not significantly reduce productivity. In contrast, S2 areas require additional
technological inputs and higher treatment levels (Anas et al., 2015). These findings
provide an important reference for developing the Pacific white shrimp aquaculture in
West Halmahera Regency, North Maluku Province, Indonesia.
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CONCLUSION

The assessment of infrastructure, water quality, and soil quality parameters
indicates that the Toniku, Tewe, Dodinga, Tuada, Payo, Bobo, Sahu, and Ibu areas in
West Halmahera Regency, North Maluku Province, Indonesia, are suitable for the Pacific
white shrimp aquaculture development. The Toniku area covers 70.06 ha, Tewe 55.70 ha,
Dodinga 27.52 ha, Tuada 96.39 ha, Payo 46.71 ha, Bobo 39.43 ha, Sahu 77.34 ha, and
Ibu a total of 615.76 ha.
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