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Abstract. This study investigates the length-weight relationship of triploid Pacific oyster Magallana gigas 
in Sakoshi Bay, Hyogo Prefecture, Japan. The allometric equation of W = 9.3754 L1.0402 (R = 0.863, R2 = 

0.745) obtained in this study indicates a strong negative allometry (b = 1.04 < 3). In triploid M. gigas, 
shell length elongates disproportionately faster than total weight accumulates, yielding slender 
morphotypes optimized for high-energy bay conditions. The robust R2 confirms reliable biometric modeling 
for population assessment. The findings highlight negative allometric growth patterns typical of sterile 
triploids, informing length-weight calibrations for enhanced M. gigas aquaculture management and yield 
prediction at market sizes.  
Keywords: allometric growth, biometric modelling, bivalve farming, growth pattern.  

 

 

Introduction. Triploidy in oysters was first developed in the United States to inhibit the 

spawning phase of Pacific oysters (Magallana gigas) in order to maintain their market 

quality and prevent energy diversion to gamete production (Allen & Downing 1986). 

Sydney rock oysters (Saccostrea glomerata) are widely consumed in Australia for their 

plump, flavorful peak meat when they begin spawning. Commercial triploid oysters have 

large size and high economic value, encouraging practitioners to conduct aquaculture (Liu 

et al 2021). Researchers then began to utilize triploidy to block the natural reproductive 

process of the oyster. Triploidy extends the lucrative summer marketing window, allowing 

oysters to retain their superior condition longer without the typical weight loss and quality 

decline associated with spawning (Nell et al 1994; Wadsworth et al 2019). 

Triploid M. gigas oysters have three sets of chromosomes (3n) and were fist 

produced in the early 1980s through chemical inhibition of meiosis during egg 

development. Stanley, Allen, and Hallerman pioneered the research in 1981 using 

cytochalasin B to block polar body extrusion after fertilization, yielding high rates of 

triploidy around 70-90%. This method enhances the growth and market value of diploids 

by diverting energy from gamete production to somatic growth (Stanley et al 1981; 

Tanimoto et al 2013). Compared with diploid oysters, triploid oysters are highly sterile in 

the gonad, which reduces the energy loss caused by gonad development, avoids breeding 

problems such as high mortality and meat quality deterioration in the spawning period, 

and shortens the breeding cycle (Fraser et al 2021).  

The Sakoshi Bay environment has optimal salinity that ranges between 25 and 32 

ppt, annual temperatures of 12-28°C, and nutrient-rich currents from the Seto Inland Sea 

which maintain the idal chlorophyll-a concentrations of 5-15 µg L-1 for triploid filtration 

rates up to 50 L oyster-1 day-1 (Japan Fisheries Association 2020). The environment also 

has low heavy metal loads (<0.01 mg L-1 Cu) and pH stability at 7.9-8.2 which reduce the 

biomineralization stress in triploid shells compared to acidic sites (Zhang et al 2016). 

Average current velocities of 0.3 m s-1 in Ako supports polyculture without biofouling 

overload. This characteristic is similar to Port Stephens, where triploid yields reached 15 

tons ha-1. Triploid sterility minimizes genetic risks in this semi-enclosed bay, enhancing 
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biosecurity amid native diploid populations. Pilot trials conducted in similar Hyogo 

Prefecture bays reported a 40% survival gain for oysters, validating Sakoshi's potential for 

commercial scaling (FAO 2022). Based on these parameters, Sakoshi Bay makes a prime 

and optimal site for sustainable triploid M. gigas farming. 

The present research was performed to analyze the length-weight relationship and 

growth pattern of triploid Pacific oysters (M. gigas 3n) in Sakoshi Bay, Hyogo, Japan based 

on their physiological characteristics and aquaculture performance. This study addresses 

the information gap, where location-specific data on the growth of triploid oysters is 

lacking. Whereas, the data are essential basis to improve aquaculture efficiency and 

sustainable resource management. 

 

Material and Method 

 

Location and time. The research was conducted in Sakoshi Bay, Ako City, Hyogo 

Prefecture, Japan. Sakoshi district is a primary hub for fisheries and economic activities 

within Ako City. Field surveys and semi-structured interviews with local stakeholders were 

performed from March to April 2025. Samples were obtained from stations located along 

the coastline of Harima Nada waters (Figure 1). 

 

 
Figure 1. Sakoshi Bay, eastern Seto Inland Sea (research location). 

 

Research materials. There were 450 triploid oyster individuals (Figure 2) harvested by 

local fishermen using suspended longline aquaculture method in Sakoshi Bay were 

examined. Custom-built fiberglass-reinforced plastic workboats equipped with 55-

horsepower engines were commonly used by fishermen in the area for efficient and safe 

operations in coastal waters. The total length of the oyster (TL) was systematically 

measured from multiple suspended longlines during each sampling period in March-April 

2025 using a standardized cutting mat with a 0.1 mm precision. Meanwhile, total body 

weight was recorded to 0.1 g accuracy using calibrated digital scales to guarantee accuracy 

of the data across age and sizes. Data on TL (cm) and body weight (g) were examined as 

the primary data in comprehensive morphological analysis. 
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Figure 2. Length measurement of the triploid oysters (M. gigas). 

 

Analysis method. This quantitative descriptive research examined the length-weight 

relationship to describe the growth patterns and biological conditions of the triploid oyster 

population based on morphometric parameters using the geometric mean functional 

regression method proposed by Ricker (1975), as follows: 

 

Wt = a.Ltb ..................................................................... (1) 

Ln Wt = Lna + b.LnLt ..................................................................... (2) 

 

where: Wt = fish weight at age t (g); 

  Lt = fish length at age t (cm); 

  a, b = constants estimated via geometric mean slope. 

 

Results and Discussion. Sterility is important in oyster farming since most of the energy 

in diploid oysters is used for gonad production. The discharge of germ cells during the 

breeding season results in the oysters becoming thin, manifested as lesser quality flesh 

and meat texture, thus leading to an off-season or break in the market supply (Kang et al 

2013). Triploid oysters consume lesser energy for gonad development during the breeding 

season, thereby allowing more energy to be allocated to growth rather than reproduction 

(Allen & Downing 1986; De Decker et al 2011; Bi et al 2023). Eventually, a year-round 

supply becomes possible (Liu et al 2020). The differences between a triploid oyster M. 

gigas and a regular oyster M. gigas are presented in Figure 3. 

 

  
Figure 3. Differences between a triploid oyster M. gigas (A), and a regular Pacific oyster M. gigas 

(B). 
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Optimal growth occurs in salinity between 25 and 35 ppt and temperature between 

18 and 28°C. The natural M. gigas habitats with moderate current flows exceeding 0.3 m 

s-1 ensure oxygenation (Nell 2002). Unlike diploids, the long-line systems deployed in 10-

15 m depths demonstrated that triploids tolerate periodic freshwater inflows from the river 

without significant osmotic stress. Sediment composition that is dominated by silty sands 

(grain size 0.1-0.5 mm) supports stable lease-holding with minimal burial risks during calm 

periods. Biofouling pressure from bryozoans and tunicates also remains low at sites with 

chlorophyll-a levels below 5 µg L-1 which supports clean shell development over 18-month 

cycles (Alter et al 2017).  

As found in this research, the length-weight relationship for M. gigas follows the 

allometric model W = 9.3754 L1.0402 (Figure 4). W represents total wet weight in grams, 

and L denotes shell length in millimeters (Octavina & Afriana 2024). This exponent value, 

b = 1.0402, falls well below the isometric threshold of 3.0, showing a negative allometric 

growth pattern wherein shell length elongates at a disproportionately faster rate than total 

body mass accumulation, often observed in nutrient-variable estuarine habitats. Oysters 

prioritize linear skeletal expansion over soft tissue or flesh development, potentially 

yielding elongated, slender forms with lower condition factors compared to isometric 

populations (Lebata-Ramos et al 2021). The coefficient of determination, R2 = 0.7455, for 

the linearized LnW versus LnL plot signifies a moderately robust statistical fit, explaining 

approximately 74.6% of the variability in weight attributable to length variations. The 

equation is a reliable predictive equation for population modeling. Although the R2 value 

does not surpass the conventional benchmark for exceptional fit (> 0.9), it outperforms 

numerous wild bivalve datasets that are subject to heterogeneity in age, density, and 

fouling, making it a robust and practically useful predictor for aquaculture yield forecasts. 

(Góngora-Gómez et al 2018).  

 

 

 
Figure 4. Length-weight relationship of triploid M. gigas. 

 

Oyster measurements was performed based on the standardized protocols to accurately 

obtain key biometric traits data. Digital calipers of 0.01 mm precision was utilized to 

measure shell height from the umbo (the oldest point of the shell) to the actively growing 

ventral edge. Data on shell length between the point perpendicular to the height axis were 

also recorded (Walton et al 2013). Vialova (2020) proposed the allometric equations 
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relating weight (W) to shell height (H) which was then used in this study. Diploids followed 

W = 4 x 10-4 H2.56 with R2 = 0.86, while triploids followed W = 9 x 10-5 H2.90 with R2 = 0.91. 

Based on the results of the analysis, a positive allometry was obtained, indicating that the 

weight increased disproportionately faster than height. Triploids accumulated more 

biomass relative to height, especially at smaller sizes. Shell shape relationships were then 

modeled linearly between height (H) and length (L), where the diploids showed L = 0.58H 

+ 0.95 (R2 = 0.83) indicating a moderately elongated form. Meanwhile, triploids had L = 

0.50H + 4.82 (R2 = 0.72), suggesting relatively shorter, more rounded shells at equivalent 

heights. 

Oysters have distinct morphometric characteristics when compared to their diploid 

counterparts, especially in terms of length-weight relationships modeled by the allometric 

equation W = a x Lb. The exponent b serves as a critical indicator of growth patterns, where 

a value near 3 denotes isometric growth, values above 3 suggest positive allometry, and 

those below 3 indicate negative allometry (Ibarra et al 2017). A detailed morphometric 

study conducted on diploid (2n) and triploid (3n) oysters from the Donuzlav Liman in the 

Black Sea specifically reported a b value of 2.56 for diploids and 2.90 for triploids, using 

whole weight (W) in grams against shell length (L) in millimeters. These triploids 

demonstrated positive allometry, particularly in relation to shell height, where they 

accumlulated more biomass at smaller sizes compared to diploids. The analysis yielded 

high R2 values, underscoring the robustness and reliability of these fitted models (Powell 

et al 2015). These b values align well within the typical range of 2.5 to 3 observed across 

various oyster species, which is generally lower than in many other bivalves due to the 

oysters' uniquely compressed shell morphology (Góngora-Gómez et al 2018). The elevated 

b value in triploids is related to greater capacity for weight gain per unit of shell length, 

resulting in more meat yield without increasing the shell sizes. 

Triploid M. gigas oysters possess three sets of chromosomes (3n = 309) produced 

through chemical inductions, such as the induction of cytochalasin B during fertilization to 

inhibit meiosis II in diploid (2n = 20) eggs. This process creates a sterile state and channels 

the energy toward faster somatic growth to exceed gamete production (Ahmed & Sparks 

1967; Guo et al 1994). These oysters thrive as sessile, filter-feeding bivalves in intertidal 

and shallow subtidal zones of coastal and estuarine environments worldwide (Peñaloza et 

al 2021). They inhabit brackish to full-strength marine waters with salinity ranges of 10-

35 ppt (optimal 20-30 ppt), temperatures from 0 to 35°C (ideal 15-25°C for growth), and 

require hard substrates like rocks, shells, or other oysters for larval settlement. As 

opportunistic reef-builders, they form dense aggregations that enhance biodiversity by 

providing habitat for epifauna, infauna, and juvenile fish while filtering phytoplankton, 

bacteria, and detritus at rates up to 50-80 L day-1 per adult (Zou et al 2025). Their life 

cycle spans planktonic larvae (2-4 weeks at 18-25°C) that metamorphose into spat (0.2-1 

mm), juveniles growing rapidly to market size (60-100 mm shell height, 50-100 g total 

weight) in 18-24 months for triploids versus 30-36 months for diploids (Nell 2002). Triploids 

exhibit 20-50% superior growth, reaching 30.7% heavier weights at 2-2.5 years than 

diploids due to sterility-driven energy reallocation. They tolerate high turbidity, pollution, 

and heatwaves, adapting via physiological plasticity but facing risks from pathogens like 

OsHV-1. Market sizes vary; nevertheless, triploid shell lengths attain 80-120 mm with 

weights of 70-150 g, influenced by site-specific factors like chlorophyll levels (> 5 µg L-1 

optimal) (Acarli et al 2023). The measurements done on triploid M. gigas in the Sakoshi 

Bay region resulted in length-weight relationship model between shell length (L, mm) and 

total weight (W, g) derived as W = 9.3754 L1.0402, with a coefficient of determination (R2) 

of 0.745. Despite the relatively high R2, it offers a reliable depiction of the oysters' growth 

patterns at this specific site, capturing over 74% of the variability in weight explained by 

length. A striking feature of these findings is the exponent b = 1.04, signifying a negative 

allometric growth pattern, as b deviates substantially below the isometric benchmark of 

3.0 commonly expected in bivalve length-weight models. Based on these data, the rate of 

shell length elongation outpaces the proportional increase in total body weight, resulting 

in relatively slender oysters with extended shells relative to their biomass. Triploid oysters 

prioritize linear shell expansion over volumetric weight accumulation, resulting in faster 

lengthening than thickening or fleshing out.  
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Similarly, observations in other M. gigas populations obtained low b values (e.g., b 

ranging from 1.42 to 2.46 monthly in Marmara Sea diploids, indicating negative allometry) 

(Vialova 2020). Environmental influences including nutrient availability, phytoplankton 

density, water temperature fluctuations (potentially 20-30°C in tropical bays like Sakoshi) 

are known to affect the pattern. In addition, the substrate characteristics where oysters 

attach, inhibit tissue growth while permitting shell extension. For instance, nutrient-limited 

conditions reduce soft tissue deposition, favoring skeletal prioritization, as seen in Black 

Sea triploids with b = 2.90 versus diploids at b = 2.56. Meanwhile, a research on Black 

Sea-farmed M. gigas triploids triploids reports enhanced biomass at smaller heights 

(W{3n} = 9 x 10-5, H2.90, R2 = 0.91), though negative allometric relative to ideal isometric 

growth (Acarli et al 2023). Similarly, Aydın et al (2021) also found a negative allometry of 

Marmara Bay M. gigas with W = 0.0083 L2.021 (R2 = 0.724, b < 3 influenced by density and 

currents). Aydin et al (2021) also obtained a low b value (1.67 for wild invasive populations 

in the Black Sea), which is likely attributed to suboptimal trophic and hydrodynamic 

conditions similar to the environmental stressors observed in Sakoshi Bay.   

In the allometric length-weight model as found in the triploid M. gigas in Sakoshy 

Bay, the exponent b = 1.04 indicates a strongly negative allometric growth pattern. A b 

value equal to 3 represents isometric growth, where weight scales proportionally with 

length cubed, implying uniform body proportions throughout development. On the other 

hand, b > 3 denotes positive allometry, where weight gains disproportionately faster than 

length, often seen in juveniles prioritizing tissue buildup. The low b = 1.04 indicates that 

Sakoshi oysters are elongate and slender, likely due to nutrient scarcity or high currents 

favoring shell over flesh. The correlation coefficient R = 0.863 measures linear association 

strength between ln(L) and ln(W), with |R| closer to 1 indicating a tighter fit. R2 = 0.745 

means 74.5% of weight variance is explained by length, a solid moderate fit for field data 

amid biological variability. This R2 supports predictive reliability for biomass estimation in 

triploid farming, despite 25.5% unexplained factors like age or fouling.   

Several biotic and abiotic factors affect the allometric exponent b in length-weight 

relationships of bivalves, including triploid M. gigas. This is primarily due to the modulating 

relative growth rates of shell versus soft tissue. Environmental variables such as food 

availability (e.g., chlorophyll-a concentration > 5 µg L-1 increases the b value closer to 3 

by enhancing flesh deposition) directly affect b, with oligotrophic conditions. Sample 

demographics, particularly size range and age structure, can bias the value of b. For 

example, datasets dominated by narrow juvenile size ranges tend to produce inflated 

estimates (b > 3), whereas samples composed of mixed adult sizes often yield lower 

values. This highlights the need for broad and representative sampling to ensure accurate 

estimates.  

Sexual dimorphism can also influence b, with females frequently exhibiting higher 

values than males (for example, 2.78 vs. 2.61 in clams), likely due to increased ovarian 

mass (Bahtiar et al 2023). However, this effect is minimal in sterile triploid individuals. 

Environmental factors such as substrate type and hydrodynamic conditions further 

affect b by shaping growth form and shell structure. For instance, high-current 

environments like Sakoshi Bay tend to produce more slender morphologies (b < 2) due to 

increased attachment stress and erosion. Finally, the coefficient of determination (R2) is 

highly sensitive to data quality. Outliers caused by fouling, parasitic infection, or 

measurement inconsistencies, such as uncalibrated weighing scales, can reduce R2 below 

0.8 because heterogeneous samples increase scatter in lnW–lnL relationships. 

 Sample size amplifies R2 reliability; n > 50 yields stable R2 > 0.7, while small n < 

20 exaggerates variability, explaining Sakoshi's moderate 0.745. Gonadal development and 

seasonal spawning can temporarily reduce both b and R² due to weight loss, with recovery 

occurring after spawning. Triploids are less affected by spawning but may still be influenced 

by ploidy-density interactions.  

Triploid M. gigas in Japan are more premium in price than diploids due to superior 

growth rates (30-81% faster in Hiroshima Bay trials), consistent meat quality, and sterility 

preventing spawning-induced bitterness during peak summer demand. Akashige & Fushimi 

(1992) documented an 81% whole-weight advantage for triploids after 8 months in 

Hiroshima, where it can be harvest earlier with yields of 20-50% higher for triploid oyster. 
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The triploids' enhanced gylcogen index are more favored by consumers, while diploids 

experience 20-40% weight loss post-spawning. Nell (2002) in Iitembu et al (2023) stated 

that triploids' somatic allocation elevated adductor muscle hypertrophy, which price rises 

25-35% in auctions. Triploids' 40% wet-weight superiority at market size offset the 

production costs (e.g., induction) of USD 5-10/kg premiums in export markets. Shpigel et 

al (1992) reported market premiums in Israel that are also observed in Japan, where 

triploid sterility helps maintain meat yield under OsHV-1 pressure. Meta-analyses show 

consistent growth advantages of 43 to 49%, translating to 1.5 to 2 times higher returns 

for triploid farms compared to diploids. These benefits have driven Japan’s shift to more 

than 70% triploid production, improving profitability despite ongoing die-off risks. 

Market prices for triploid M. gigas vary by region, form, and season. Premium 

"summer oysters" (natsu gaki) from triploid stocks have higher values due to year-round 

edibility without spawning bitterness. Wholesale prices at Tokyo's Toyosu Market (Koto City) 

for fresh peeled oysters (kaki/muki) reached USD 22.31 per kg as in its peak demand in 

December 2024. In October 2025, the price was at USD 16.49/kg amid supply stabilization 

(Yuan et al 2023; JFA 2024). Packed oysters (kaki per pack) sell for USD 2.22 to 2.65 per 

kg in Toyosu and Adachi markets, while whole fresh oysters range from USD 8.21 to 13.93 

per kg depending on size and quality. In the Ako area of Hyogo Prefecture, Kamashima 

Suisan, a leading triploid producer, sells premium live oysters at farmgate prices of about 

JPY 3,000 to 5,000 (USD 20 to 33) per kg, highlighting their sterile and high-meat 

characteristics for sushi and grilling. National wholesale prices average USD 10 to 20 per 

kg in 2025 to 2026, slightly down by 7.11 percent year on year due to mass die-offs linked 

to red tides and heat stress, which threaten the 2026 harvest.  

Triploids sell at 20-30% higher price than diploids as they offer consistent texture, 

with export-oriented Hyogo lots hitting USD 25/kg FOB for branded "Ako summer oysters". 

In the peak season from November-March, the price drops to USD 8-12/kg in summer. 

Production challenges such as OsHV-1 and climate impacts constrain supply, helping 

sustain prices despite global output exceeding 5 million tonnes, led by Japan and China 

(Kiffney et al 2025). The retail price at supermarkets reaches USD 30-50/kg for live 

triploids, with Ako Hyogo branding via Kamashima Suisan boosting perceived value through 

traceability. Overall, Japan's triploid market remains robust at USD 2.2-22/kg wholesale, 

driven by consumer preference for safe, plump product. 

 

Conclusions. The morphometric study of triploid Magallana gigas in Sakoshi Bay, Hyogo 

Prefecture, Japan, established the allometric equation W = 9.3754 L1.0402, with total weight 

W in grams and shell length L in millimeters, revealing a strongly negative allometric 

growth pattern (b = 1.04 < 3). The low b value does not mean the oysters are growing 

poorly. It only shows that they grow in a different way under the conditions in Sakoshi Bay. 

This also means oyster shape and growth can change from one bay or farming area to 

another. So, the results from Sakoshi Bay may not be exactly the same as results from 

other places. This study is useful because it gives a local standard for future research on 

triploid M. gigas in the same area. Farmers and researchers can use this relationship to 

estimate weight from length, handle oysters less, and plan harvests better. In the future, 

this research can be improved by comparing triploid and diploid oysters directly. 

Researchers should also study season, age, food, salinity, and temperature. It would be 

even better to combine morphometric data with meat quality and growth condition. Overall, 

this study is a good starting point for understanding oyster growth in Sakoshi Bay and 

improving triploid oyster farming in Japan. 
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