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Summary Introduction: 

 

The specific aim of this project was to thoroughly examine the economic and ecological feasibility 

of an integrated aquaculture system on a shrimp farm in Kauai, USA.  The system was based on a 

growing body of literature demonstrating improvements in the quality of effluent water produced 

through similar systems.  The goal of the project was not to claim or attempt to prove a system that 

creates a perfect balance between environmental and industry interests.  Rather, the intent was to 

demonstrate that aquaculture systems can exist under current technology that are capable of 

improving environmental impact, as well as economic success.   

The sustainability of seafood production is often considered in measures of social, environmental, 

and ecological sustainability, but with far less focus on economic sustainability.  All farmed 

seafood producers must compete on a global market, where competition is typically based on 

pricing, rather than sustainability.  In well-developed countries such as the United States or 

Canada, the aquaculture industry faces backlash by NGO’s and the public to strictly regulate 

aquaculture pollution.  The same pressure does not exist for countries in developing areas of the 

world, and has little effect on the demand for farmed seafood from nations with little regulation.  

A simple Google search for ‘China shrimp aquaculture’ will reveal articles with titles such as “In 

China, Farming Fish in Toxic Water” (Barboza 2007) and “The Disgusting Truth About Fish and 

Shrimp from Asian Farms” (Welsh 2012).  However, the United States imports over 25% of its 

seafood from China, and large amounts from neighboring Asian countries as well (Ortega et al. 

2014).  As long as the demand for farmed seafood is present, and not preferential to origin and 

method, farms will operate with the least regard for sustainability as their location allows. 

Promoting improved aquaculture practices can be far more effective and economically efficient 

for regulators than solely creating regulations (Boyd 2003).  The aquaculture industry has been 

rapidly growing over the past 20 years, and is projected to continue to do so into the foreseeable 

future (World Bank 2013).  As the industry grows, it is imperative that standards are set for system 

designs that are less degrading to environments. 

Integrated multi-trophic aquaculture (IMTA) is a system where multiple species are cultivated in 

a shared water space.  The systems typically integrate the culture of higher value/higher trophic 

level species along with filter feeders or seaweeds to simulate a more natural ecosystem.  The 

concept has been practiced by humans of past cultures for hundreds of years, but has not been 

largely incorporated into the modern aquaculture industry (Costa-Pierce 1987).  These systems 

take advantage of the nutrient cycling roles of different species in natural ecosystems, and applies 

similar concepts to contained aquaculture.  Most high value aquaculture species such as fish or 

shrimp require large amounts of feed input during culture.  Much of this feed is left unconsumed, 

and together with animal waste, will build up in the form of excessive nutrients and suspended 

particles in water.  This requires frequent water exchanges, resulting in large amounts of effluent 

water leaving farms into receiving water bodies.  Farms located in areas such as the United States 

must incorporate filtration systems for all effluent to pass through prior to leaving the farm, and 

effluent release is strictly regulated under individual National Pollution Discharge Elimination 
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System permits administered by the EPA.  However, the vast majority of aquaculture farms do not 

fall under such regulation.  The result is a large amount of untreated farm effluent travelling to 

receiving water bodies, potentially resulting in eutrophication and deterioration of water quality 

(Cao et al. 2007).  In China alone, there was an estimated 43 billion tons of mostly untreated shrimp 

farm waste water introduced to coastal waters in 2007 (Biao & Kaijin 2007).   

IMTA systems utilize lower trophic species such as bivalves and seaweeds to filter and recapture 

otherwise wasted nutrients.  Research into IMTA systems with a specific focus on shrimp have 

demonstrated significantly reduced levels of total suspended solids (TSS), organic suspended 

solids (OSS), total nitrogen, total ammonium nitrogen (TAN), and bacteria in systems that include 

culture of bivalves and seaweeds (Nunes et al. 2003, Jones & Preston 1999, Sandifer & Hopkins 

1996, Miranda-Baeza et al. 2006, Martinez-Porchas et al. 2010, Jones et al. 2001, Martinez-

Cordova 2006).  In addition to improved water quality findings, many of these papers cite the need 

for further research investigating the profitability of such systems.  Although each system produces 

a valuable secondary product, additional labor and material costs may outweigh any benefits.  

Results of economic research into IMTA systems have been much less homogenous than the 

results of IMTA research into water quality effects.  Economic analyses greatly range from highly 

positive to negative, and demonstrate the need for species-specific and site-specific analysis 

(Bunting & Shpigel 2009, Ridler et al. 2007).  The most commonly cited explanation for not 

adopting IMTA systems on a commercial scale is perceived economic risk (Pongthanapanich & 

Roth 2006, Boyd 2003, Bunting 2008).  Simple IMTA systems that can be integrated onto already 

existing farms offer the most potential for any large-scale impact on the industry.   

The present project was designed to assess the overall feasibility of integrating culture of 

Mercenaria mercenaria clams onto an existing commercial production Penaeus vannamei shrimp 

farm.  The project was broken into two separate studies to answer three fundamental questions: 

- Is it biologically feasible to culture M. mercenaria clams and P. vannamei in the same pond 

water without any detrimental effect on growth or survival of either species? 

- Are M. mercenaria clams capable of filtering water in an IMTA system in a manner that 

significantly reduces levels of excessive suspended particles? 

- Is it economically feasible to incorporate such a system onto an existing farm without 

disturbing farm revenue? 

To address the biological and environmental questions, a study involving two trials was designed 

to be conducted on the Kauai Shrimp farm.  One study involved a 104-day trial, where 60,400 

clams were stocked in a production shrimp pond, and measured for growth and survival.  This trial 

was designed to assess the biological feasibility of incorporating an IMTA system with these two 

species.  Measuring the water quality effects of integrating clam culture into shrimp ponds is highly 

difficult due to the large scale of commercial shrimp pond production.  Replication of water quality 

findings on this scale requires large amounts of animals and time, and involves tremendous risk 

for the company.  Instead, a smaller scale trial was designed using tanks in a research lab on the 

Kauai Shrimp farm.  Tanks were stocked with replicable treatments of shrimp and clams, and 

measurements of TSS, OSS, and TAN were recorded over a 5-week period.   
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Economic feasibility was measured through an analysis using farm data and assumed labor 

associated with clam production.  The net present value (NPV) of all operations over a 10-year 

period with 4% discount rate was calculated for current farm operations, as well as for 

incorporating IMTA practices on the farm at varying levels.  The NPV findings for current farm 

production contain proprietary information, and were not included in the report of the study.  The 

report focuses on the incremental benefits of incorporating joint production of clams and shrimp 

in an IMTA system, as well as the cost savings of producing both products jointly rather than 

individually.  The costs per pound for producing clams in the IMTA system at 9 different levels 

of production were calculated to determine whether cost savings exist for increasing clam 

production, and what the optimal level of production is. 

A common ecological critique of the aquaculture industry is the reliance of fishmeal as a protein 

source in feed.  IMTA systems typically use little or no extra feed when compared to monoculture 

systems, but can produce considerably more food product.  The efficiency of feed use on farms is 

typically measured as the pounds of feed required to produce each pound of meat.  This 

measurement was developed from a monoculture perspective, where the efficiency of a single 

species to directly convert feed into mass is the primary concern.  IMTA systems feature a more 

complex system of feed utilization, where the secondary species may utilize feed input in an 

indirect form.  Uneaten feed or waste from the primary species may be converted to nutrients for 

seaweeds or phytoplankton, which can become a feed source for bivalves.  This results in more 

human food being produced with the same amount of farm feed input, and thus fishmeal input.  

The economic analysis of this project investigates fishmeal use efficiency under varying levels of 

IMTA shrimp/clam production, as measured by comparisons of fishmeal input relating to farm 

output. 

The two studies that follow are presented in the form of individual academic papers to be submitted 

to the journals of Aquaculture and Aquaculture Economics.  For the purpose of this presentation 

format, all citations are shared and can be found at the end of the report, before the appendix. 
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Investigating the biological feasibility of integrated clam (M. mercenaria) and shrimp (P. 

vannamei) aquaculture 

 

David D. Anderson 

Scripps Institution of Oceanography, La Jolla, CA 90237 

 
Abstract: The biological feasibility of integrating Mercenaria mercenaria clams onto an existing 

shrimp farm was investigated.  Effects on water were measured through a tank trial involving 2 

treatments of shrimp stocked with different densities of clams (50/m2; 100/m2), and a shrimp-only 

control treatment.  Significantly lower (p < 0.05) levels of total suspended solids (TSS) and organic 

suspended solids (OSS) were found in both clam treatments compared to the control treatment.  

Total ammonium nitrogen (TAN) was found to be significantly higher (p < 0.05) in the 50 clams/m2 

treatment than the 100 clams/m2 and control treatments.  Shrimp growth was not significantly 

different among treatments (p > 0.5).  60,400 M. mercenaria clams were stocked in a semi-intensive 

(50 shrimp/m2) P. vannamei shrimp pond in Hawaii, USA for 104 days to measure clam growth and 

survival.  Average clam growth was 10.3±3.1 x 8.3±2.8, and total weight increased from 405.85lbs 

to 974.05lbs over 104 days of integrated pond production.  Estimated clam survival averaged 86% 

from stocking to harvest.  The findings of this study suggest high potential for M. mercenaria clams 

as a candidate for integrated pond production with P. vannamei shrimp. 

 

Introduction 

Aquaculture is recognized as the fastest growing global agricultural industry, and growth is 

projected to continue over the next decade (World Bank 2013).  Global shrimp production has 

been rapidly rising in recent years, with an increase from 1.84 million tonnes in 2000, to 3.86 

million tonnes produced in 2014 (FAO FishStat).  Penaeus vannamei shrimp production 

constituted over 75% of total shrimp production in 2014, and is projected to continue growing as 

demand increases and wild caught fisheries decline (FAO FishStat, World Bank 2013).  The 

impacts of shrimp farming on communities greatly ranges between positive and negative for 

different ecological, economic and social issues.  Proponents of the industry claim positive aspects 

such as job creation, food security, and increased land value (Cao et al. 2007).  One of the primary 

concerns of industry opponents is ecosystem degradation from farm effluent pollution, which may 

also reduce the value of the land (Boyd 2003, Zheng 2007).  Under current technology, it is not 

economically feasible to conduct most types of aquaculture without any effluent discharge, and 

effluent pollution disproportionately affects developing nations worldwide (Boyd 2003).  

Governments of most well-developed nations are under intense pressure from citizens and NGO’s 

to strictly regulate aquaculture effluent, whereas developing nations may have little to no 

regulation (Pongthanapanich & Roth 2006, Biao & Kaijin 2007).  This has led to a burgeoning 

industry in lesser-developed nations, with a specific focus on shrimp farming countries’ in Asia.  

Asian countries’ produced over 58% of all shrimp produced worldwide in 2014, and over 76% of 

the total Penaeus vannamei shrimp produced in the same year (FAO FishStat).   

Research into the exact impacts of shrimp farm effluent on receiving waters is limited.  Pollution 

primarily arises from the excessive nutrients and suspended particles in pond effluent water, as a 

result of shrimp waste and uneaten feed (Jones et al. 2001).  Resulting eutrophication and oxygen 
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deficiencies can lead to reduced light penetration, disease, and nutrient fluxes in receiving water 

bodies (Cao et al. 2007).  Methods to treat effluent water can be expensive, and implementation is 

often voluntary rather than mandatory (Pongthanapanich & Roth 2006).  Shrimp farms that choose 

to adopt environmentally friendly practices, or are located in areas with stricter regulations, must 

compete on a global market with all other farms.  Maintaining an economic advantage, while also 

limiting effluent pollution, can be very challenging for farm owners.  Biological methods of 

filtration have been identified as the most cost efficient method for treating wastewater, and may 

even offer opportunity to increase economic gain (Cao et al. 2007, Troell et al. 2009).  Pollution 

reducing systems that can be integrated onto existing farms, and add value to farm operations, have 

the greatest potential for impacting the industry on a large scale. 

Integrated multi-trophic aquaculture (IMTA) can be used as a biological filtration system, where 

multiple species of varying trophic levels are cultured in the same water space.  Typically, a 

primary species that requires feed input is grown alongside a co-species that may consume 

excessive nutrients in the form of uneaten feed and waste.  The concept of the IMTA system has 

been utilized for hundreds of years, and a recent surge in interest has led to numerous studies 

investigating candidate species (Costa-Pierce 1987).  Bivalves have been identified as a potential 

co-species for IMTA shrimp production in Mexico, Asia and Australia (Hopkins et al. 1993, Jones 

& Preston 1999, Miranda-Baeza et al. 2006, Martinez-Porchas et al. 2010, Jones et al. 2001).  

Uneaten feed and waste in shrimp ponds accumulates in the water as suspended particles and 

nutrients which may trigger excessive phytoplankton growth and levels of suspended solids 

(Martinez-Porchas et al. 2010).  Bivalves cultured in the same water space can be beneficial to the 

pond environment by consuming excess phytoplankton and filtering inorganic particles into more 

settle-able particulate (Jones et al. 2001).  Significant reductions of suspended solids in shrimp 

farm effluent have been observed in shrimp productions systems with integrated culture of clams 

and oysters (Jones & Preston 1999, Jones et al. 2001, Martinez-Cordova 2006).  There are 

numerous high value bivalve species that are currently produced in mono-culture or open ocean 

systems, which may offer potential as a secondary product for IMTA shrimp farms. 

Mercenaria mercenaria clams are native to the Eastern US seaboard, and were intentionally 

introduced to coastal areas of Hawaii in the 1930’s and late 1960’s as a food source (Carlton & 

Eldredge 2009).  Although it was reported in 1970 that the clams had settled and were actively 

reproducing, there is currently no official report of any wild populations known to exist in Hawaii 

(Carlton & Eldredge 2009).  28,000 tonnes of M. mercenaria clams were produced in the United 

States in 2014, demonstrating a strong market presence.  Due to the lack of a suitable native market 

species of clam in Hawaii, imported M. mercenaria may offer potential as an IMTA species 

cultured along with high value species such as shrimp.  The present study investigates the 

biological feasibility and potential environmental effect of integrating M. mercenaria clams onto 

a well-established shrimp farm on the island of Kauai, HI.  Biological feasibility is investigated 

through a trial where clams are stocked in a suspension system in a production shrimp pond to 

measure growth and survival over 104 days.  Environmental effect is measured through a 5-week 

tank trial testing varying levels of clam stocking densities on levels of total suspended solids (TSS) 

and organic suspended solids (OSS) in culture water.   
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Environmental Effect Trial: 

Methods  

15 round tanks (760-liter) were filled with pond water from a ½-acre shrimp pond stocked with 

1.2 million post-larvae shrimp on the Kauai Shrimp farm, 65 days prior to tank filling.  The tanks 

featured an airlift system for aeration and water movement, with 4 airlifts spaced equally apart 

along the edge of the tank, to maintain a slight circular current.  Each tank was stocked with 80 

Penaeus vannamei shrimp (average weight = 12.81 ± 0.18 g), and randomly assigned with a 

treatment of 0 clams/m2, 50 clams/m2, or 100 clams/m2.  Total weight of shrimp per tank was 

obtained during stocking and harvest.  All tanks were stocked with clam density levels according 

to assigned randomized treatments.  Tanks assigned to the 50 clams/m2 treatment were stocked 

with 40 clams (average length = 34.79 ± 2.82mm, average width = 29.68 ± 2.14mm), tanks 

assigned to the 100 clams/m2 treatment were stocked with 80 clams (average length = 35.14 ± 

2.88mm, average width = 29.84 ± 2.38).  Tanks assigned to the 0 clams/m2 treatment were stocked 

without clams.  All clams were contained in a 6mm plastic mesh bag in each tank, and were 

suspended in the water column by means of a standpipe at the tank center.  Clams were obtained 

from an experimental production pond on the Kauai Shrimp farm, stocked with shrimp at densities 

below 2/m2.  Tanks were fed a commercial shrimp feed (EWOS Grower, 35% crude protein) twice 

per day at a rate of 2% shrimp biomass for the duration of the trial.  Due to human error, all tanks 

were accidentally fed on a 4% biomass rate between days 8 and 16.  Water was exchanged in all 

tanks at a rate of 50% on days 14 and 28 to reduce heightened total ammonium nitrogen levels, 

after water quality sampling was complete.   

Dissolved oxygen and temperature were measured twice per day; in the morning between 8:00AM 

and 10:00AM, and afternoon between 3:00PM and 5:00PM using a YSI multi-parametric 

electronic meter.  Total ammonium nitrogen (TAN) was measured twice per week, using the 

salicylate method analyzed with a UNICO 1200 spectrophotometer set to 655nm wavelength.   

100ml samples of water from each tank were filtered twice per week through pre-washed and pre-

weighed Whatman GFC934-AH 47mm filters.  The filter samples were immediately frozen, and 

later transported to Scripps Institution of Oceanography to be analyzed for total suspended solids 

(TSS) and organic suspended solids (OSS).  All filters were dried at 60C for 24 hours to determine 

TSS concentration.  OSS was determined by incinerating the dried filters in a muffle furnace at 

500C for 4 hours, and then cooled and weighed.  The air source for all airlifts was discontinued 

for 2 hours prior to sampling, to allow settling of non-suspended particles. 

Statistical Analysis 

One-way ANOVA was conducted to determine differences between daily water quality measures 

for morning and afternoon levels of dissolved oxygen and temperature.  Total shrimp growth and 

survival, and TAN levels were tested with a one-way ANOVA to determine differences between 

treatments.  A t-test was used to test differences in clam survival between the two clam treatments.  

A linear regression was used to examine the relationship between TAN levels and clam survival 

among tanks in the trial.  One-way ANOVA with Tukey Post-Hoc testing was also used to measure 

significance of differences in total suspended solids (TSS) and organic suspended solids (OSS) 

among treatments over days 7 through 35 of the trial.  Day 7 was chosen as the starting point for 

statistical analysis as it was the first sampling point after day 0, when all treatments began with the 
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same pond water.  One-way ANOVA was used to determine differences in TSS and OSS for 

sampling on day 0. 

Results 

Morning and afternoon levels of dissolved oxygen and temperature did not significantly differ 

between treatments.   

The average shrimp growth throughout the trial was 4.19 grams, and was not significantly different 

between clam density treatments (p = 0.8).  This rate of growth is somewhat lower than typically 

reported in commercial shrimp ponds during a 35-day period, possibly due to high shrimp stocking 

density or levels of TAN in the tank water.  Elevated levels of TAN were observed beginning at 

day 14, with a downward trend after day 18 (Figure 1).  The period of accidental over feeding 

coincides with the period of high TAN levels observed.  Overall levels of TAN were highly 

variable, and found to be significantly different between treatments of 0 clams/m2 and 50 

clams/m2. 

Shrimp survival averaged 93% over the 5-week period, and was not significantly different between 

treatments (p = 0.34).  Overall clam survival averaged 89%, and no significant difference was 

found between clam treatments (p = 0.27).  A strong negative linear relationship (R2 = 0.95) was 

found between clam survival and TAN levels across all tanks in a linear regression (Figure 2). 

Average levels of TSS were significantly different between the control and 50 clams/m2 treatments 

(p = 0.002), with an 7.9% difference.  TSS levels were also significantly different between the 

control and 100 clams/m2 treatments (p = 0.01), with a 6.7% difference of averages throughout 

days 7 and 32 of the trial.  No significant differences were observed between the 50 clams/ m2 and 

100 clams/m2 treatments (p = 0.85).  (Figure 3). 

Average levels of OSS were significantly different between the control and clam treatments (50 

clams/m2: p < 0.001, 100 clams/m2: p = 0.001).  A 12.6% difference was found between control 

and 50 clams/m2 treatments, and 12.4% difference between control and 100 clams/m2 treatments.  

OSS levels between the 50 clams/m2 and 100 clams/m2 treatments were not significantly different 

(p = 0.81). 

Levels of TSS and OSS were not significantly different among treatments at the start (Day 0) of 

the trial (p = 0.8, p = 0.27).  
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Figure 1: Total ammonium nitrogen levels among treatments at 

each sampling point throughout the trial.  Error bars displaying 

standard error are shown. 

Figure 2: Clam survival and average TAN levels for each 

clam treatment tank.  The linear regression demonstrates a 

strong relationship between tank survival and average TAN 

levels. 

Figure 3: Mean levels of Total Suspended Solids (TSS) among 

treatments.  Letters above error bars designate statistically 

significant differences between treatments. 

Figure 4: Mean levels of Organic Suspended Solids (OSS) 

between days 7 and 32 for each treatment. Letters above error 

bars designate statistically significant differences. 

Figure 5 & 6: Average levels of TSS and OSS at each sampling day throughout the trial.  Day 0 began with all tanks filled 

with shrimp pond water, prior to stocking of shrimp and clams.  Excessive feeding occurred between days 8 and 16.  An 

increasing trend in organic solids was observed during this period.  The greatest apparent treatment effect of clams was 

also observed during the period of excessive feeding. 
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Table 1: Mean (±Standard Deviation) levels of temperature, dissolved oxygen, and total ammonium nitrogen (TAN) throughout 

the trial.  Statistically significant differences were found between treatments for TAN levels.  No other significant differences were 

observed among these parameters. 

 

 

 

 

 

 

 

 

 

    Control 
50 clams/m2 100 clams/m2 

     (0 clams/m2) 

Shrimp Growth (g) 4.2 ± 0.7† 4.1 ± 0.4† 4.3 ± 0.1† 

Shrimp Survival (%) 92.2 ± 2.6† 92.5 ± 2.7† 94.7 ± 2.4† 

Clam Survival (%) - 81.8 ± 22.5† 96.9 ± 2.6† 

†: Statistical results showing no significant differences among treatments (p>0.05) 

      Control 
50 clams/m2 100 clams/m2 

       (0 clams/m2) 

AM Temperature (⁰C) 23.6 ± 0.8a 23.8 ± 0.8a 23.8 ± 0.8a 

PM Temperature (⁰C) 24.3 ± 0.9a 24.5 ± 0.8a 24.5 ± 0.8a 

AM Dissolved oxygen (mg/L) 6.7 ± 0.6a 6.2 ± 0.6a 6.1 ± 0.6a 

PM Dissolved oxygen (mg/L) 6.3 ± 0.9a 5.7 ± 0.9a 5.5 ± 0.7a 

TAN (mg/L) 1.88 ± 2.9a 4.2 ± 4.2b 2.6 ± 3.2ab 

ab: Statistical results showing no significant differences among treatments (p>0.05) 

Table 2: Mean (± Standard Deviation) values of shrimp growth and survival, and clam survival for each treatment of the trial. 
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Biological Feasibility Trial: 

Materials and Methods 

Approximately 60,400 clams (average length = 32.75 ± 5.24 mm, average width = 26.93 ± 5.2 

mm) were obtained from 6 nylon mesh bags (1-m2) that were previously stocked on the bottom of 

a clam nursery pond on the Kauai Shrimp farm.  Total number of clams was estimated based on 

the total volume of clams in the bags (bags 1:3 = 91.2 liters of clams total, bags 4:6 = 83.6 liters 

of clams total), and average number of clams per 100ml (bags 1:3 = 0.326 clams/ml, bags 4:6 = 

0.31 clams/ml, based on 6 samples per chain of 3 bags).  Total weight of the clams in bags 1:3 was 

239.8 lbs with an average of 124 clams/lb, and total weight for bags 4:6 was 166.1 lbs with an 

average of 156 clams/lb.   

The clams were volumetrically stocked in 1-m2 mesh bags (9mm holes) at target stocking density 

of 1250 clams per bag after weighing and measuring.  The mesh bags were attached to PVC trays 

with wire mesh support, and tied to 4’ x 20’ floats constructed from 4” PVC piping.  The trays 

were tied together in stacks of 4, with 6” of space between each tray, and attached to the PVC float 

so that the trays were suspended in the water column.  3 PVC floats were constructed with hanging 

trays of clams, 1 float with 16 trays (23,100 clams), 1 float with 20 trays (24,300 clams), and 1 

float with 11 trays (12,200 clams).  All PVC floats and trays with clams were stocked in a 

production shrimp pond, and anchored by rope attached to bird-netting cables above the pond.  The 

production shrimp pond was stocked with approximately 206,000 shrimp (51.5 shrimp/m2, average 

size = 4.5 grams) 28 days prior to stocking clams in the pond.  An initial sample of 30 clams were 

measured for length and width at the time of stocking, and again after 104 days.  The pond was 

treated as a normal production shrimp pond, and clams were allowed to grow uninterrupted for the 

104-day period.  After 104 days, all clams were removed from the shrimp pond, sorted, weighed, 

and measured. 

Statistical Analysis 

A paired t-test was used to determine significance of difference between length and width of clams 

during stocking and after 104 days of culture in the production shrimp pond.  Total weight increase 

and estimated survival were calculated after the 104-day period.  

Results 

Clam size increased by an average of 10.3 mm (± 3.1 mm) length and 8.3 mm (± 2.8 mm) width 

based on sampling during stocking and harvest (Table 3, Figure 7).  The difference in sample size 

was highly significant for both length and width (p < 0.0001, p < 0.0001).  The total increase in 

weight was 568.2 lbs, and survival ranged from 76% to 96% for each PVC float with overall 

survival of 86% (Table 3, Table 4, Figure 8). 
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Table 3: Mean (±Standard Deviation) values of clam size based on 30 clam samples, and total clam weight during stocking and 

harvest of the pond trial. 

  Length (mm) Width (mm) Total Weight (lbs) 

Average size at stocking 22.27 ± 2.29 18.60 ± 2.34 405.85 

Average size at harvest  32.58 ± 2.93 26.93 ± 2.27 974.05 

Average clam growth after 

104 days  
10.30 ± 3.09 8.33 ± 2.84 568.2 

 

        
 

 

Table 4: Survival data for each PVC float with clams in the pond trial. 

  Float 1 Float 2 Float 3 

Estimated number of 
clams stocked 

23,135 24,320 12,980 

Estimated number of 
clams harvested 

22,014 21,416 9,905 

Estimated survival  95.2% 88.1% 76.3% 

                
 

 

 

 

 

 

 

 

Figure 7: Mean values of length and width from 30 clam 

samples during stocking and harvest of the trial 

Figure 8: Total weight of clams during stocking and harvest of the 

pond trial is displayed.  Total weight increased by 140% during 

the 104-day trial. 
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Discussion 

The present study demonstrates that Mercenaria mercenaria clams are capable of filtering 

suspended particles from water and growing in an IMTA system with Penaeus vannamei shrimp.  

Shrimp stocking densities for each trial represent the semi-intensive to intensive systems that are 

widely considered necessary for successful shrimp farming.  The significant differences of TSS 

and OSS levels between clam density treatments demonstrated in the tank trial suggests a 

beneficial effect on shrimp water quality under integrated culture.  The greatest reduction of 

suspended solids observed between treatments occurred during the period of excessive feeding in 

the trial.  This further suggests that the clams may be most effective at filtering suspended solids 

that result from uneaten feed in shrimp culture water.  Any reduction of suspended solids in shrimp 

culture water will directly improve the quality or quantity of effluent water discharged from a farm.  

A pond with reduced suspended solids may be able to utilize a lower water exchange rate, which 

would limit the amount of effluent, or would release less suspended solids per gallon of water 

exchanged.   

An unexpected trend was observed of increasing suspended solids for the first half of the trial, and 

decreasing suspended solids for the second half of the trial.  The increasing levels occurred during 

the same time period that all tanks were fed at a 4% feed rate, rather than 2%.  Once the feed rate 

was returned to 2%, a slow and steady decline in suspended solids was observed in all treatments.  

A very similar trend was observed for TAN levels, with some tanks experiencing exceptionally 

high levels (>10mg/L) during the peak of day 18.  Although it is impossible to retrospectively 

determine the cause for these trends, uneaten feed has been identified as one of the main sources 

of both suspended solids and TAN in shrimp pond water (Cao et al. 2007, Martinez-Porchas et al. 

2010, Boyd 2003).  Interestingly, the tanks that experienced the highest TAN levels were stocked 

with 50 clams/m2, whereas the 100 clams/m2 did not experience levels significantly higher than 

the control treatment.  Miranda-Baeza, et al. (2006) and Jones et al. (2001) both warn of a possible 

increase in TAN levels from clams or oysters in IMTA systems due to the breakdown of undigested 

bio-deposits from bivalves.  At extra high levels of particulate, bivalves are known to deposit 

pseudofeces, which are not fully digested in the way that normal bivalve feces would be (Sandifer 

& Hopkins 1996).  Considering the strong linear relationship between TAN levels and clam 

survival, this should be closely monitored in any pond integrating IMTA culture of shrimp and 

clams.  However, it must also be noted that the only two tanks with clam survival below 90% were 

also the only tanks with average TAN levels above 3 mg/L.  It is not possible to determine whether 

the high TAN levels caused the low survival, or if the clam mortality resulted in elevated TAN 

levels.   

Levels of TSS and OSS were found to be significantly lower in both clam treatments compared to 

the control, when levels were averaged across all sampling days.  Levels of suspended solids on 

each sampling day varied throughout each day of the trial, and differences between treatments 

varied as well.  The greatest differences between the control and clam treatments were observed 

between days 7 and 18, and the differences were much greater for OSS levels than for TSS levels.  

This period of time coincides with the excessive feeding that occurred during the same portion of 

the trial.  This suggests that M. mercenaria clams may be most capable of filtering suspended 

solids that occur as a result of uneaten feed in shrimp culture water.  The overall reduction in OSS 

was greater than the reduction in TSS, demonstrating that the clams were mostly filtering organic 

material out of the water.  However, reduced levels of OSS do not entirely account for the reduced 

levels of TSS between treatments.  This demonstrates that although clams mostly consume organic 
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material from shrimp culture water, the digestion process may also lead to lower inorganic solids.  

This is supported by previous research investigating oysters and shrimp IMTA systems (Jones & 

Preston 1999, Jones et al. 2001). 

The sampling for clam size during stocking and harvest of the pond trial demonstrates significant 

growth under production shrimp pond conditions.  This finding was further backed by the large 

increase in total clam weight throughout the trial.  Typical growth rates for M. mercenaria clams 

in Florida greatly vary, but are reported as requiring 2-5 years to reach 45-50mm in length (Manzi 

1991).  The clams used in the production shrimp pond trial were 211 days old during stocking at 

22.3 mm length, and were 32.6 mm at day 315 during the trial harvest.  This suggests growth rates 

that are at least as fast as observed by Florida growers, with potentially greater annual growth 

under shrimp pond conditions.  A longer trial would be necessary to determine if the growth rates 

truly are faster than experienced by commercial growers in Florida, but the results of this study 

seem very promising.     

Clam survival varied between bags that were suspended in the pond trial, but was overall 

comparable to survival rates reported from culturing clams on the bottom of clam production 

ponds.  Anecdotal reporting during pond trial harvest suggested survival rates near 100% in most 

clam bags, with a few bags showing survival rates close to 50%.  This is similar to the varying 

survival rates of clams in the tank trial of the present study.  Predominantly high survival rates in 

most bags suggests that improvements could be made to the system that would drastically improve 

survival in poorly performing bags.  The overall average survival of 86% compares fairly well 

with the reported standard survival rate of 92% observed during standard clam culture with 

individuals of the same age and family.  Even considering the reduced survival, integrating clam 

culture into shrimp ponds would increase the capacity of clam production far beyond the amount 

that a 4% drop in survival would decrease. 

Shrimp growth and survival in the integrated clam/shrimp pond was reported as normal, with no 

deleterious effects observed on the shrimp.  Due to the unknown interactions between shrimp and 

clams cultured in an integrated pond, the clams were stocked at the relatively low density of 15 

clams/m2.  The amount of space that would be available in a 1-acre production shrimp pond for 

clams stocked in suspended bags far exceeds the stocking density of the pond trial of this study.  

The tank trial to demonstrate environmental effect utilized clam stocking densities of 100 clams/m2 

with generally high survival over 5 weeks.  The tank trial included shrimp stocking densities that 

were roughly twice as high as normal stocking densities on the study farm.  Stocking production 

shrimp ponds with densities of 100 clams/m2 would result in 200,000 clams stocked per pond.  The 

culture period for shrimp is much shorter than for clams, and an IMTA system similar to the trials 

of this study would need to include transferring of clams between ponds for periods of time.  This 

would necessarily add labor costs to production, however there would be no additional feed costs 

to including clam culture in shrimp ponds. 

The unique culture method investigated in this study is an example of an IMTA system that could 

be incorporated onto an already-existing shrimp farm, with relatively little monetary investment.  

Further research would need to be done before expanding such a system on a large scale, including 

economic viability of such a project.  However, the results clearly demonstrate the feasibility of 

growing these two species together from a biological perspective.  There is evidence to further 

suggest that M. mercenaria clams may filter shrimp pond water in a beneficial manner to the pond 
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ecosystem and surrounding environment, although the somewhat low reduction levels warrant 

further investigation. 
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Cost savings arising from joint production of clams (Mercenaria mercenaria) and shrimp 

(Penaeus vannamei) on a commercial shrimp farm 

David D Anderson 

Scripps Institution of Oceanography, La Jolla, CA 93027 

 

Abstract: Cost savings arising under a joint production system of Mercenaria mercenaria clams 

and Penaeus vannamei shrimp were investigated for nine levels of shrimp production.  Economies 

of scope were present at all levels, ranging from 9-11% cost savings when the two products are 

produced jointly compared to individually.  Economies of scale were generally found to be present, 

although not on a steady linear scale.  Incremental net benefits of clam production were found to be 

positive for all levels of production over 10 years with a discount rate of 4%.  An opportunity cost 

was discovered with increasing clam production beyond 104,500 pounds per year, and calculated to 

include in the analyses.  Fish meal use efficiency under a joint system was examined as pounds of 

fishmeal used per revenue produced, and demonstrated use efficiency improvements of 18.5-30.9% 

depending on clam production level.  

Introduction 

The international aquaculture industry faces backlash from both non-government organizations 

(NGO’s) and the general public, concerned with the environmental impacts of farm operations.  

One of the greatest sources of concern over this impact arises from environmental pollution due to 

discharge as farm effluent (Boyd 2003).  The rapid rise of the aquaculture industry has put pressure 

on farm owners to become more economically advantaged to competitors, while at the same time 

improve their public image (Ridler et al. 2007).  Most solutions to improve effluent pollution 

require filtration or reduced operating capacity on the farm level, and stricter government 

regulation on the policy level.  Farm level solutions tend to increase operating costs, or decrease 

production capacity, while policy solutions can be ineffective in the developing nations where 

most aquaculture production occurs (Boyd 2003, Biao & Kaijin 2007).  Biological methods of 

treating aquaculture effluent tend to be much less expensive than mechanical or chemical 

treatment, and may even provide a secondary product in some cases (Cao et al. 2007).  Integrated 

multi-trophic aquaculture (IMTA) has been practiced in some form for hundreds of years, and has 

become a growing interest of researchers and businesses alike to accommodate the modern 

aquaculture industry (Costa-Pierce 1987).  IMTA culture systems involve the production of 

multiple species that share the same culture water, where synergistic relationships exist among 

species to better utilize available nutrients and energy.  Current IMTA operations focus on the 

integration of a primary high value species such as shrimp or fish, and integrating the additional 

culture of filter-feeding bivalves and seaweed.  Multiple species of bivalves have been shown in 

research to reduce levels of total ammonia nitrogen, total suspended solids, and organic suspended 

solids in effluent water from shrimp and fish (Jones & Preston 1999, Martinez-Porchas et al. 2010, 

Bunting 2006).  Not surprisingly, IMTA operations have been demonstrated as preferable to 

traditional mono-culture in public opinion (Ridler et al. 2007). 

Although improving public opinion is in the best interest of farm operators, perceived economic 

risk is an important factor that may prevent farm owners from incorporating improved farm 

practices (Pongthanapanich & Roth 2006, Miranda-Baeza et al. 2006).  IMTA is a broad term 

describing many different types of culture systems, and profitability of integrating such systems 

ranges greatly from highly positive to negative (Bunting & Shpigel 2009, Ridler et al. 2007).  
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Important factors for determining the success or failure of an IMTA operation include species of 

culture, scale of operation, and system design (Martinez-Porchas et al. 2010, Martinez-Cordova 

2006, Edwards 1998).  Species and system specific analysis is necessary for IMTA operations to 

determine which systems offer the greatest potential for both economic and environmental benefits 

(Troell et al. 2009). 

IMTA operations involve the joint production of multiple species, and certain operational costs 

are often shared across the production of each species.  Fixed costs associated with land lease/tax, 

electrical costs, as well as some labor costs may be shared under joint production of multiple 

species, possibly leading to scope economies.  Leathers (1991) identified the presence of 

economies of scope as a necessity for a firm to undertake a joint production system such as IMTA.  

The highest cost of shrimp farm operations is typically feed cost, and the primary pollutants 

associated with aquaculture effluent are mostly a result of uneaten feed and waste (Martinez-

Porchas et al. 2010).  Utilizing IMTA systems allows farm owners to recapture some of the wasted 

feed resources, and could potentially increase overall farm production per pound of feed used. 

The primary protein source in commercial shrimp feed is fish meal, which is typically harvested 

from small pelagic fish.  The sustainability and efficiency of utilizing wild fish protein to produce 

farmed seafood is a controversial topic (Naylor et al. 2000).  A survey in 2008 found that over 

25% of the fish meal used as aquaculture feed was utilized for shrimp production (Tacon & Metian 

2008).  The standard commercial shrimp feed typically consists of 35% protein, with about 25% 

protein as fish meal and 10% as plant protein.  Utilizing bivalves as a secondary species for IMTA 

systems may improve fish meal utilization by producing more food with little to no additional feed 

input.  Environmental benefits of IMTA involving shrimp and bivalves has been well demonstrated 

in literature (Nunes et al. 2003, Jones & Preston 1999, Hopkins et al. 1993, Sandifer & Hopkins 

1996, Miranda-Baeza et al. 2006, Martinez-Porchas et al. 2010, Jones et al. 2001, Martinez-

Cordova & Martinez-Porchas 2006).  However, in order for the practice to be adopted on a large 

scale, economic benefits must be demonstrated in addition to ecological and environmental 

benefits.   

The present study examines the economic efficiency of a specific integrated system for joint 

production of Penaeus vannamei shrimp and Mercenaria mercenaria clams onto an established 

shrimp farm.  Incremental net benefits of integrating clam production onto an existing shrimp farm 

in Hawaii, USA are investigated for 9 levels of clam production.  Growth and survival data for 

clams is assumed from data taken during a pilot scale test of the culture system on the study site.  

Clams are suspended in shrimp pond water by PVC floats, in a similar manner as bivalves cultured 

in offshore IMTA salmon farms (Troell et al. 2009). The system is designed so that a significant 

portion of the shrimp farm could be converted to an IMTA farm, with minimal interruption to 

shrimp production and revenue.  Due to different culture periods between shrimp and clams, a 

system of transferring clams between ponds was developed to maximize use of overlapping 

periods throughout the growth cycles.  This system requires a final 3-month period of clam culture 

to occur in clam harvesting ponds, where shrimp are stocked at very low densities.  There is an 

opportunity cost for designating ponds as clam harvest ponds, which could otherwise be used to 

increase shrimp production.  Incremental net benefits of clam production are additionally 

calculated with the lost opportunity cost of reduced shrimp production taken into account.  

Production costs are calculated for joint and non-joint production of clams and shrimp on the study 

site to investigate the presence of scope economies. 
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Production Levels Examined 

For the purpose of this study, all levels of shrimp production remain constant based on 2015 farm 

data from the study site.  For analysis that include the reduced benefit of limiting shrimp production 

to accommodate increased clam production, an opportunity cost was calculated based on average 

annual per pond production.  This was calculated as the difference of total gross benefit from 2 

shrimp crops, and total annual shrimp production cost divided by number of ponds used.  Clam 

production levels vary between stocking 2 million clams per year (producing about 46,400 pounds) 

to stocking 9 million clams per year (producing about 209,000 pounds of clams per year).  Optimal 

production levels for fish meal use efficiency, production cost per pound, and cost saving 

percentages between joint and non-joint production were determined for each level of clam 

production.  A single 1-acre clam harvest pond is capable of maintaining production levels of up 

to 104,500 pounds of clams per year, before more ponds would need to be designated for clam 

harvests.  The highest joint production level that could be feasibly maintained at the study site 

assuming 2015 shrimp sales is 209,000 pounds of clams per year.   

Fish Meal Utilization 

Prices paid per pound to the producer for shrimp and clams are not equal. For this reason, 

efficiency of fish meal utilization was measured in terms of fish meal used per dollar revenue, 

rather than per pound meat produced.  As the level of clam production increases in a joint 

production system, the amount of meat and revenue produced increases disproportionally greater 

than the amount of feed used.  Pounds of fish meal used per dollar revenue improves in a joint 

production system by 15.9% with annual clam production levels of 104,500 pounds, and by 26.8% 

with clam levels of 209,000 pounds 

of clams per year.  Clam harvesting 

ponds require relatively low amounts 

of feed in order to maintain the algal 

conditions that clams require to 

grow, and a single 1-acre harvest 

pond can accommodate annual 

harvests of up to 104,500 pounds.  

Feed additions allocated to clams 

doubles between production levels of 

104,500 and 116,000 pounds of 

clams per year.  This produces a 

generally linear trend in pounds of 

fish meal used per dollar revenue 

under different production levels, 

with a plateau between production 

levels of 104,500 and 116,000 pound 

of clams per year (See Figure 1).  

 

 

 

Figure 1: Pounds of fish meal used per revenue dollar for 9 levels of clam 

production in a joint shrimp and clam system.  The flat line in the trend for 

production levels above 100,000 lbs per year represents the point where 

additional clam-only ponds are required, which require additional feed input. 
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Economies of Scale 

Production cost per pound of clams 

produced in a joint system has a broken 

linear trend.  There is a downward linear 

trend in cost per pound between annual 

production levels of 46,500 and 104,500 

pounds of clams, and then a spike in cost 

per pound between production levels of 

104,500 and 116,000 pounds per year.  

Production cost per pound drops again on a 

linear trend between levels of 116,000 and 

209,000 pounds per year.  The seemingly 

broken linear trend is due to the added costs 

of operating a second clam harvest pond for 

production levels above 104,500 pounds 

per year.  When reviewing the cost per 

pound separately for annual production 

levels between 46,500 to 104,500 pounds 

per year, and levels between 116,000 and 

209,000 pounds per year, economies of 

scale appear to be present.  However, the break between levels of 104,500 and 116,000 clam 

pounds per year create a more complicated trend.  The trend for production levels up to 104,500 

pounds per year has a steeper slope in a linear regression (-5.712 x 10-7, r2=0.994) than the trend 

for levels above 116,000 pounds per year (-2.35 x 10-7, r2=0.964).  The lowest cost per pound of 

clam production is achieved in a joint system at the highest level examined, however production 

levels between 116,000 and 162,500 pounds per year cost more per pound than levels up to 

104,500 pounds per year (See Figure 2).  Economic risk was not included in this analysis, and 

would undoubtedly be greater at higher levels of clam production for a company that has a well-

established shrimp production system. 

Economies of Scope 

Cost savings arising from the joint 

production of clams and shrimp were found 

for all levels of clam production, although at 

fairly levels.  Savings in production costs 

between joint and non-joint systems ranged 

from 4% to 11%, with the highest savings 

found at clam production levels of 209,000 

pounds annually.  A decline in cost savings 

was found between production levels of 

104,500 and 116,00 pounds per year, similar 

to the rise in production cost per pound at 

the same levels.  Cost savings again 

increased beyond annual clam production 

Figure 2: Production costs per pound of clams under a joint system for 

9 levels of clam production.  The sharp increase in relative production 

cost beyond annual production levels of 104,000lbs per year represents 

the increase in costs for an additional clam-only harvest pond. 

Figure 3: Percent cost savings of producing clams and shrimp in a joint 

system compared to a non-joint system for 9 levels of clam production. 
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levels of 116,000 pounds.  The primary source of cost savings between joint and non-joint 

production systems arises from the increased costs associated with additional ponds required for 

non-joint production.  Electricity and feed costs associated with monoculture clam ponds are 

shared during the periods that clam and shrimp production are integrated under a joint production 

system.  This calculation does not take into account the additional opportunity cost associated with 

non-joint production of clams.  The study site is a farm that has already established a successful 

shrimp production system, and is attempting to gain additional revenue with the same space 

available.  Although the per-pound production cost of shrimp is higher than of clams, the long 

growth cycle and lower market value of clams make shrimp production a more profitable 

utilization of each pond.  When the opportunity cost for reducing shrimp production area is taken 

into account, joint production results in cost savings ranging from 4% to 43% between annual clam 

production levels of 46,500 and 209,000 pounds (See Figure 3). 

 

 

Incremental Net Benefits 

The incremental net benefits of clams 

produced under a joint system follows a 

similar positive linear trend, with a sharp 

break between production levels of 104,500 

and 116,000 clam pounds annually.  

Incremental net benefits of integrating clam 

culture into a joint production system were 

greatest at the highest level of production 

investigated.  Annual clam production levels 

of 209,000 pounds per year would result in 

net benefits of $462,769 per year, with 

$25,709 annual revenue added to each joint 

production pond involved.  When the 

opportunity cost for reducing shrimp output 

in exchange for clam harvest ponds is taken 

into account, the annual per pond profit increase is adjusted to $16,425, and total annual net 

revenue adjusted to $295,649.  With this opportunity cost considered in the analysis, clam 

production levels of 104,500 pounds per year were found to have higher incremental net benefits 

than of any other levels below 209,000 pounds per year.  Consideration must be made to the 

capacity of markets to accept clams, and additional costs of expanding markets.  The study site in 

Hawaii is isolated from all markets outside of the state, and the market price for clams is based on 

current price as sold in low production levels.  There are currently no competitor firms, and market 

demand is much higher than farm supply.  Increasing production levels may cause the market price 

to fall, and the market capacity in the state may be reached well below the annual level of 209,000 

pounds investigated in the present study.  Reaching distant markets outside of the state of Hawaii 

would undoubtedly incur additional expenses not accounted for in this study.   

 

 

Figure 4: Incremental net benefits of integrating clam production 

onto a shrimp farm.  An opportunity cost is accrued under 

production levels beyond 104,000 pounds of clams per year, due to 

lost shrimp production capacity. 
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Discussion 

Environmental benefits arising from incorporating IMTA systems with shrimp and clams have 

been fairly well demonstrated in scientific literature (Nunes et al. 2003, Jones & Preston 1999, 

Hopkins et al. 1993, Sandifer & Hopkins 1996, Miranda-Baeza et al. 2006, Martinez-Porchas et 

al. 2010, Jones et al. 2001, Martinez-Cordova 2006).  The benefit is largely shown in the form of 

reduced suspended solids in shrimp farm effluent.  In the United States, levels of suspended solids 

in effluent water are strictly regulated through National Pollution Discharge and Elimination 

System (NPDES) permits granted by the EPA.  On a global scale, this system of regulation only 

accounted for 6.7% of total shrimp production in 2014 (FAO FishStat).  58% of shrimp production 

in 2014 occurred in areas of Asia, where little to no regulation exists for farm effluent (Biao & 

Kaijin 2007).  Policy related solutions to improve impact from shrimp farm effluent are unlikely 

to change in the major shrimp farming countries of the world.  Farm level solutions that are 

intrinsically beneficial to farm owners offer the best potential to improve effluent quality (Boyd 

2003).   

The results of this study ultimately demonstrate that joint production of shrimp and clams could 

be an economically feasible and lucrative undertaking for established shrimp farms.  All levels of 

joint production analyzed resulted in positive incremental benefits for the overall revenue of the 

study site farm.  Determining optimal levels of production however, is a more complicated 

undertaking.  Site-specific analysis is necessary on a case-by-case basis, and the present study 

demonstrates some of the factors necessary to consider. 

Results for the study site found that producing 209,000 pounds of clams annually in a joint system 

retains the highest net benefit.  However, the net benefits are drastically reduced when accounting 

for the lost value resulting from reducing shrimp production to accommodate increased clam 

production.  If production were held below 185,000 pounds of clams per year, the net value would 

be lower than for production levels of 104,500 pounds per year.  Considering the increased risk of 

higher production levels, the true optimal level of clam production in a joint system for the study 

site may be 104,500 pounds per year, which is the median level investigated in this study.  The per 

pound cost of production further validates this notion, with increased relative cost between 116,000 

pounds per year and 185,000 pounds per year.  In a scenario where reduced shrimp production is 

not necessary for increasing clam production, scale economies would be much stronger, and 

optimal production levels may be much greater. 

Recapturing nutrients lost in uneaten feed is likely to be a priority in the eyes of society, but will 

never be of greater importance to a firm than increasing net benefits.  Fishmeal use efficiency was 

the analysis least affected by increasing clam production between 104,500 and 116,000 pounds 

per year in this study.  Although there is a slight interruption in the trend of reducing pounds of 

fish meal used per dollar revenue, the overall amount of fishmeal used decreases at a constant rate 

with increasing clam production.  This is not generally recognized when investigating benefits of 

IMTA systems, but most forms of the practice would likely produce similar trends.  

The aspect of improving fishmeal use efficiency with IMTA is oftentimes left unconsidered in 

literature and practice, but is an important consideration.  The present study demonstrates the 

significant reductions in pounds of fishmeal that are used to produce each dollar of revenue under 

IMTA systems.  Feed conversion ratios are often used as a measure of farm efficiency; however, 

they do not entirely capture the complexity of feed usage in IMTA systems.  The FCR for shrimp 

in the present study does not improve, since the growth of shrimp is unaffected by the IMTA 
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system, but instead pond waste is converted into a secondary product.  As regulators and 

environmental groups continue to find ways to quantify the effects of aquaculture on various 

issues, measurement tools need to be developed to better distinguish good and bad practices.  The 

present study demonstrates a potentially profitable IMTA system, but it would never add 

incremental revenue in amounts comparable to production of primary culture species.  Further 

incentives through the form of labelling, higher premium prices for IMTA products, and possibly 

increased subsidies from governments that currently subsidize agriculture, could be developed to 

encourage IMTA practices.  IMTA products need to be recognized by governments and markets 

as a superior product in order for any large scale industry transition to take place.  Social and policy 

shifts to encourage better practices, rather than attack poor practices, may offer more cost effective 

policy solutions than solely regulation and enforcement. 
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Concluding Summary: 

 

The findings of this project demonstrate a simple, effective example of an IMTA system that can 

potentially be applied to many existing shrimp farms.  Although FAO data does not list M. 

mercenaria production from Chinese farms, Zhang et al. (2016) describes extensive production in 

the Shuangtaizi estuary.  With the rapidly growing and unregulated shrimp industry in China, M. 

mercenaria clams may be a potential candidate for IMTA with P. vannamei shrimp (Biao & Kaijin 

2007).  Care should be taken to develop triploid clam stocks for production on farms that discharge 

effluent directly into coastal waters.  Production of triploid M. mercenaria has been demonstrated 

as a relatively simple process in Florida, USA (Scarpa 2009). 

The studies presented in this project do not represent a solution to aquaculture pollution by any 

means.  The intention was to rather demonstrate that improvement from the current state of the 

industry can be achieved in a relatively simple system, with potential financial gain for farm 

owners.  The rapid growth rate of the aquaculture industry demonstrates that, although large, the 

industry is still relatively young compared with other forms of agriculture.  The past 50 years have 

demonstrated some of the negative aspects of the predominantly mono-culture agriculture 

industry.  Increased pesticide use and subsequent pest resistance, as well as degradation of 

ecological terrain surrounding farms have largely arisen due to strictly mono-culture farming 

practices on land (Matson 1997).  Global industries such as traditional agriculture are tremendous 

in size, and most production controlled by a relatively small number of big agriculture companies.  

The aquaculture industry has not reached levels anywhere near this large, which offers opportunity 

to change the standard practices towards a different path than traditional agriculture.  The 

formation of new farms has largely been based on the success of predecessor farms, which have 

been modelled after mono-culture traditional agricultural systems.  If new farms were to emerge 

with successful business models utilizing diversified culture species, others would likely follow.  

The importance of the research in this project, and other similar research, is to demonstrate the 

opportunity to shift the conceptual understanding of how we grow aquatic food.  Better 

environmental practices exist that can increase monetary value and do not follow the traditional 

mono-culture philosophy.  A transformation of existing farms owned by small companies to IMTA 

practices would undoubtedly shape the way future farms are designed.   

The benefits of IMTA are in no way limited to slight reductions of suspended solids in effluent 

water, or relatively small incremental financial benefits.  Research has shown reduced disease, 

drastically reduced nutrient loading, and reduced financial risk from farms that successfully 

implement IMTA systems (Martinez-Porchas et al. 2010, Neori et al. 2004, Ridler et al. 2007).  

Full transitions to untested IMTA systems would be financially irresponsible, however slow 

transitions offering improvements similar to those demonstrated in this project are a reasonable, 

risk-averse approach.   

Demonstrating and improving economic efficiency of IMTA systems is a necessary first step, 

however policy systems need to also be in place to promote growth of the practice.  Surveys of 

Canadian citizens have shown increases in approval from 60% to 90% comparing monoculture 

and IMTA production of salmon (Cao et al. 2007).  The customer preference clearly exists for 
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IMTA operations located in the well-developed world, and this preference needs to be expanded 

to imported seafood from developing nations.  Ortega et al. (2014) found that US consumers were 

only willing to pay a premium of $0.24 per pound for Chinese shrimp farmed with environmentally 

sustainable practices.  This compares to a premium of $5.40 per pound for US farmed shrimp under 

environmentally sustainable practices, and further demonstrates the issue of pushing the pollution 

problem onto other nations (Ortega et al. 2014).   

At the very minimum, education and labelling mechanisms should be developed to inform 

customers of where farmed seafood originates, and how it is grown.  There is a great need to 

distinguish between good and bad practices, and educate the public on the consequences of bad 

practices.  Such mechanisms already exist for wild-caught food, and are slowly being developed 

for farmed seafood as well (Gulbrandsen 2009).  Heavy regulation of seafood production in nations 

that consume predominantly imported seafood only moves problems to unregulated areas.  

Regulation must be accompanied with policy solutions that encourage the growth of a sustainable 

industry, and customers must understand the difference between good and bad practice.  

Otherwise, regulated countries will only continue to promote the destruction of unregulated areas. 
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Appendix 

Calculating Economic Analysis Costs and Benefits: 

Farm Production and Cost Analysis 

The present study investigated the economic benefits of integrating joint production of clams and 

shrimp on a farm where pond shrimp production is already established and operational.  Prior to 

introducing clam production, the study farm had a well-established system for shrimp sold as meat, 

as well as shrimp sold for broodstock.  Costs and benefits arising from meat production shrimp 

and broodstock were fixed at the levels that were produced and sold in 2015.  A simplified general 

flow of pond utilization to maintain the same levels of production over a 10-year period was 

assumed to estimate allocable costs between broodstock and meat shrimp.  Production of meat and 

broodstock shrimp involves stocking ½-acre juvenile ponds at high densities for 2 months of 

culture, and then transferring shrimp to multiple 1-acre ponds at lower densities for meat and 

broodstock production.  Meat shrimp ponds operate for 5 months before the entire pond is 

harvested, and typically yield 10,000lbs of shrimp per pond.  Broodstock shrimp ponds operate for 

6 months, and shrimp are harvested live for sale periodically based on demand.  Broodstock 

demand varies greatly throughout the year, and when there is a lack of demand, the unsold shrimp 

are typically harvested for sale as meat.  For the purpose of this study, broodstock sales were spread 

equally throughout all months of the year, and an average of 5,000lbs of shrimp were harvested as 

meat from each broodstock pond.  All ponds require a minimum of 1 month between harvest and 

re-stocking.   

Clam production involves spawning clams in an on-site hatchery, where they are raised in tanks 

for a 2-month period.  The third month of culture occurs in a ½-acre nursery pond, before the clams 

are split up and stocked in bags at high densities on the 4th month.  Under a joint production system, 

the 4th month is when the clams are stocked into previously established shrimp production ponds.  

The clams are kept in the shrimp pond for 3 out of the 5 months that the shrimp pond operates.  

For the purpose of this study, 6 shrimp meat production ponds are assumed to be stocked every 2 

months, which is the amount necessary to produce the quantity of meat shrimp that was sold during 

2015.  On the 7th month of culture, the clams are sorted for size and re-bagged in lower densities 

and stocked in newly established shrimp ponds for another 3-month period.  After 10 months of 

culture, clams are again sorted and re-bagged, and are laid on the bottom of a 1-acre clam harvest 

pond.  The clam harvest pond is stocked with very low densities of shrimp (<5/m2), for the sole 

purpose of maintaining algal bloom density.  Clam harvests for sale begin on the 12th month of 

culture, and continue through the 15th month of culture before the entire cohort is harvested.  

Cohorts of clams are produced every 3 months throughout the year, and there is a constant cycle 

of overlap between cohorts in the clam harvest pond, as older cohorts are harvested and younger 

cohorts stocked.  By the time of harvest, each cohort of clams has been cultured in a ½-acre nursery 

pond, 2 different 1-acre shrimp ponds, and a 1-acre clam harvest pond. 
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Fixed Non-Allocable Costs 

Fixed non-allocable costs that arise through farm production include the general operational costs 

that cannot be directly attributed to the production of a single product.  These costs include fixed 

general electricity costs, farm maintenance and landscaping labor, manager salary, land lease cost, 

and security labor.   Fixed general electricity costs are defined as the electricity usage that remains 

constant regardless of varying production levels.  The specific sources of these costs are the 2 wells 

that pump water to the farm, lighting in buildings and roads on the farm, and general appliances 

and tools that use electricity.  To estimate fixed general electricity costs, known electricity usage 

(pond aeration, hatchery lighting) was subtracted from the total electric usage measured on the 

farm during the month of May 2015.  Electricity usage from pond aeration varies with the number 

of ponds operating, and so it is considered a variable cost and separate from all other electric usage.  

Electricity costs incurred through clam hatchery operation are allocable costs, and also considered 

separate from general electricity cost.   

Farm maintenance, landscaping, and security labor costs are all necessary for farm operations, 

however they cannot be directly attributed to production.  The cost of this labor does not 

necessarily vary with changing levels of production.  Maintenance labor is measured as two 

employees with $35,000 salaries each ($70,000 annual total), landscaping is measured as two 

employees with a combined annual hourly cost of $54,000, and security labor is measured as three 

employees earning $26,000 annually ($78,000 annual total).   

The farm manager oversees all aspects of farm operations.  Although this includes activities related 

directly to production, his role is necessary for coordination of the entire operation, and so is 

considered a fixed non-allocable cost.  His salary cost is measured as $60,000 annual.  The land 

lease is an annually re-occurring cost that amounts to $23,071 regardless of operational size.   

Fixed Allocable Shrimp Costs 

For the purpose of this study, most costs arising directly from shrimp production are considered 

fixed.  The focus is looking at economic effects of integrating clam production onto an already 

existing shrimp farm, and so the level of production is considered constant.  This causes the fixed 

allocable shrimp costs to include feed and feeding labor costs, general pond labor costs, harvest 

labor costs, and post-larval shrimp cost.   

Post-larval shrimp are spawned and raised in a hatchery, with a fixed cost of $10 per 1000 post-

larvae.  Juvenile shrimp ponds that are a ½-acre in size are generally stocked with 1,200,000 post-

larvae, where the shrimp are grown for approximately 2 months before they are transferred to 

larger growout ponds and stocked in lower densities.  During the 2 months of operation, electricity 

costs arise from aeration equipment that are calculated by the wattage usage and hours of each 

required piece of equipment.  Feed was calculated by company records indicating it is typically 

about 2650 lbs over the 2 month period.  Shrimp that will be sold as meat and that will be sold as 

broodstock are raised together throughout the juvenile pond culture period, and each juvenile pond 

typically supplies 3 shrimp meat production ponds and 1 broodstock production pond.  For this 

reason, only 85.7% of the costs incurred during the juvenile pond growth period are allocated as 

shrimp meat production costs.  The remaining 14.3% is allocated as broodstock production costs.   
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After the 2-month juvenile pond period, 4 one-acre growout ponds are generally stocked with 

200,000 shrimp each for shrimp meat production, and 1 one-acre pond is stocked with 150,000 

shrimp for broodstock production.  The shrimp growout production ponds are fed at a rate of 2% 

estimated biomass of shrimp in the pond, and feed cost was calculated through farm records for 

typical pounds fed per growout period.  The cost of feed after shipping to the farm is $0.79/lb.  

Pond feeding is accomplished by means of a truck with an automatic feeder, driven by farm 

personnel.  The labor associated with feeding was calculated as 53 hours per week at the general 

labor wage of $14/hour.  Fuel consumption associated with feeding was calculated as 4 miles per 

feeding, with 3 feedings per day, 10 miles per gallon for the feeding truck, at a cost of $3.50 per 

gallon.   

General pond labor costs arise from the need to weigh and monitor each operating shrimp pond.  

These costs were calculated as 70 hours of general labor per week at the cost of $14 per hour.  

Pond harvesting for shrimp meat is accomplished by multiple employees catching shrimp with 

nets.  This generally requires 35 hours of labor per week from 5 employees ($14 per hour) plus 35 

hours per week from a supervisor employee ($16 per hour).   

Fixed Allocable Broodstock Costs 

The business of selling shrimp broodstock is highly variable, and for the purposes of this study, 

broodstock sales amounts from 2015 were assumed.  The number of broodstock ponds operating 

is generally constant from year to year, in order to keep an available supply of preferably sized 

shrimp at all times.  Broodstock shrimp are treated equally to meat production shrimp during the 

juvenile pond culture period, and account for an average of 14.3% of all allocable electric and feed 

costs incurred during juvenile pond culture.  When a broodstock pond is stocked after the juvenile 

culture period, the feed type and costs associated are different than with meat production ponds.  

Feed costs are based on $0.86 per pound of premium feed, as well as $1.25 per pound of frozen 

squid fed. 

The sale of broodstock shrimp involves a different harvest method than meat shrimp, and requires 

live shipment that creates additional costs.  Harvesting and shipping is based on order demand, 

and for the purpose of this study the amount shipped in a year is based on the amount sold by the 

company in 2015.  Harvesting involves about 36 hours of labor per harvest, and labor costs for 

packing prior to shipping are fixed at about $150 per person, per shipment.  This creates an average 

cost of $504 per shipment for harvesting, and $1.77 per shrimp for shipping labor.  There is an 

additional shipping charge of about $17.19 per shrimp.  Calculating the total fixed costs that were 

allocated to harvesting and shipping broodstock shrimp involved multiplying these amounts by the 

total amount of broodstock shipped in 2015.  The pond aeration costs associated with broodstock 

production were calculated as the number of months the ponds are operating in a given year, 

multiplied by the electricity costs associated with one month of operation.   

Fixed Allocable Clam Costs 

Economies of scale were investigated for both joint and non-joint production of clams on the 

shrimp farm, and few costs associated with production were considered fixed.  The primary fixed 

costs were the clam manager salary of $40,000, and the electricity costs associated with operating 
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the clam hatchery and nursery pond.  These electric costs were calculated as the wattage usage and 

hours of a blower unit, lighting used to culture algae, and wattage used in aeration of the ½-acre 

clam nursery pond. 

Variable Allocable Clam Costs 

Variable costs associated with clam production include hatchery labor, production labor and 

general supplies.  Costs were investigated for both joint and non-joint production of clams, and for 

4 different production levels.  Production levels were based on the number of clams spawned and 

stocked in ponds per year, on a system of 4 spawns per year.  The production quantities 

investigated in this study were 2 million, 3 million, 4 million and 4.5 million clams spawned per 

year.  Growth and survival rates were assumed based on current data for low production level 

clams raised entirely in ½-acre ponds, with very low density shrimp. 

Hatchery labor varies slightly between producing over 4 million clams per year, and producing 

under 4 million clams per year.  The labor cost difference between production of 2 million and 3 

million clams per year is negligible, as is the difference between producing 4 million and 4.5 

million clams per year.  Electricity costs associated with clam hatchery production remain fixed 

across all levels of production, as the aeration and lighting electric costs do not change between 

producing 2 million and 4.5 million clams annually. 

Clam production labor cost varies between production levels, on a non-linear scale.  The non-

linear relationship primarily arises from the number of higher paid supervisors required to oversee 

general labor hours.  The number of employees and hours required at each production level was 

estimated based on the labor hours required to complete each general activity throughout the 

production cycle of the clams. 

General supplies associated with clam production include containment bags, trays to suspend bags 

in the pond, and harvest equipment.  The number of containment bags and suspension trays vary 

according to production levels on a linear scale.  Each bag and tray are assumed to have an 

economic life of 4 years, before they must be replaced.  Harvest equipment includes scales and 

baskets for weighing, as well as footwear for employees.     

Net Present Value 

Net present value was calculated based on fixed costs and variable costs for shrimp meat 

production, broodstock, and clam production, with a 4% discount rate over 10 years.  NPV was 

calculated for each level of clam production that was investigated, and for both a joint clam and 

shrimp production system as well as a non-joint production system.  Shrimp production was 

assumed as already established, and clam production began at the first year of the NPV analysis.  

No NPV was calculated for sole clam production, as shrimp production is the basis for the 

companies’ existence, and no other products would be offered without it. 

Economies of Scale 

Varying levels of clam production under both joint and non-joint systems were investigated to 

determine if economies of scale exist.  There are numerous fixed costs that do not change between 
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levels of clam production, and most of the variable costs do not change on a linear scale.  These 

traits are the source of varying incremental net benefits that may arise between production levels.  

The presence of economies of scale was measured as the cost per pound of clams produced at each 

level of production, under both joint and non-joint systems.  Per pound cost of production was 

measured using the same NPV data over a 10-year period.  If the cost per pound for clam 

production decreases with higher levels of production, economies of scale exist. 

Economies of Scope 

Economies of scope were examined for integrated production of shrimp and clams by measuring 

the cost savings that arise under a joint production system compared to a non-joint production 

system.  The difference between joint and non-joint production cost was divided by the cost of 

joint production to determine a percent savings between each production method.  The level of 

cost savings was investigated for the same varying levels of clam production as used to determine 

the presence of economies of scope. 

Fish Meal Use Efficiency 

The feed used in the shrimp ponds is a 35% protein commercial shrimp feed.  The protein is 

comprised of a mix of fish meal and soybean meal, and consists of about 10% soybean meal and 

25% fishmeal.  Estimated fish meal used for shrimp production was calculated as 25% of the 

weight fed to shrimp ponds throughout the year.  Clam production does not directly require any 

feed input, however the clams do require the presence of algae and phytoplankton as a food source.  

Shrimp pond conditions provide an abundance of algae as a product of unconsumed feed and 

shrimp waste, and do not require any additional feed input under joint shrimp/clam production.  

Sole clam production ponds do require shrimp stocked at low densities and low level feed input to 

maintain the water conditions required for clam growth, as well as for preventing fouling from 

filamentous algae.  Under a joint production system, clams are cultured in shrimp ponds for 6-7 

months, and in sole clam ponds for 6-7 months.  There is feed input that can be directly allocated 

to clam production for about half of the culture period, although this amount is very small relative 

to shrimp production feed input.  The revenue per pound of fishmeal used was calculated for sole 

shrimp production and joint production of shrimp and clams to investigate the efficiency of 

fishmeal use in joint and non-joint systems. 

 

 

 




