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Abstract. This study explored the environmental sustainability potential of integrated multi-trophic 

aquaculture (IMTA) utilizing extractive species in a re-circulating aquaculture system, with physico-

chemical parameters and growth models used as indicators of effective waste assimilation. Control and 

experimental glass tanks, each filled with 210-L of filtered seawater, were set-up to maintain the test 

organisms for 42 days: tank 1 (fed species, Chanos chanos, and Holothuria scabra), tank 2 (Perna 

viridis), and tank 3 (Sargassum siliquosum). Physico-chemical parameters such as temperature, dissolved 

oxygen, salinity, and total dissolved solids showed no significant differences between tanks, while pH 

differed significantly (p = 0.028). Nutrient analysis revealed significant reductions in ammonia and 

phosphate (p < 0.05), but nitrate levels, although reduced in the integrated multi-trophic aquaculture 

tanks, were not statistically different from the control. C. chanos exhibited low survival (17.39%) and a 

growth rate (0.017% d-1). Conversely, H. scabra and P. viridis showed high survival rates (100% and 

69.64%) with growth rates of 0.46% d-1 and a net decrease of -0.98% d-1, respectively. S. siliquosum’s 

nitrate removal was low (15.65%), but phosphate removal was high (79.61%), with tissue N and P 

contents significantly higher (p < 0.05) than initial values. Findings indicated that the cultured species’ 

growth and assimilation performances suggest IMTA potential for a sustainable marine aquaculture. 
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Introduction 

Water pollution is a significant issue in intensive aquaculture production in open 

marine waters (Sanz-Lazaro and Sanchez-Jerez, 2017). Recognizing the role this sector 

plays in providing food and livelihood to humanity, current research is pressing for more 

sustainable aquaculture practices and concepts (Fernandez-Gonzalez et al., 2018) that 

seek to balance economic benefits and environmental gains (Cranford et al., 2013; Park et 

al., 2012). One form of aquaculture technology considered to be environmentally 

sustainable is integrated multi-trophic aquaculture (IMTA) (Park et al., 2012). This 

management tool utilizes several extractive species of different trophic levels (Kerrigan 

and Suckling, 2018) to assimilate nutrients released by fed species such as fish and 

shellfish in traditional fish farms (Sanz-Lazaro and Sanchez-Jerez, 2017; Yu et al., 2016), 

thereby contributing to a harmonious ecosystem function (Mustafa et al., 2019). 

Most of the IMTA system established in Asia and is adapted by many countries in 

the world used deposit feeders (e.g., holothurians), suspension feeders (e.g., bivalves) 

and/or macroalgae (e.g., seaweeds) to maximize biofiltering capacities of dissolved and 

organic wastes released from farming operations. Experimental studies found potentials 

of highly marketable species as effective organic extractive components. These include 

sea cucumbers like Apostichopus japonicus (Yuan et al., 2015), Actinopyga bannwarthi 
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(Israel et al., 2019), Holothuria scabra (Chary et al., 2020) and mussels such as Mytilus 

edulis (Min, 2011). The latter, however, is debatable as more studies supported the 

claim of insignificant assimilation rate of wastes on the mussel’s diet (Irisarri et al., 

2015; Sanz-Lazaro and Sanchez-Jerez, 2017). Moreover, a large-scale study of 

Sargassum spp. revealed its efficiency to mitigate the total negative impact of 

aquaculture to the coastal environment (whole bay) while giving a quality seaweed 

product with better yield (Yu et al., 2016). 

In the Philippines, mariculture using commercial feeds (Largo et al., 2016) has been 

promoted and supported by the government as means of livelihood diversification for 

coastal fishers (Salayo et al., 2012). Consequently, the release of organic and inorganic 

wastes from cages in the surrounding water column was also intensified. Despite its 

launching for nearly two decades now, the lack of institutionalized intervention (Largo 

et al., 2016) to areas utilized for such operations aggravates water pollution problem 

(Salayo et al., 2012). As a matter of fact, waters in the traditional culture areas are now 

heavily polluted (Layugan et al., 2018). While integrated aquaculture has long been 

done in freshwater systems, the application of IMTA to address environmental 

sustainability issues of open sea culture systems is relatively a new concept (Largo et 

al., 2016). The research of Largo et al. (2016) reported the potential use of 

economically-important red seaweeds, Gracilaria heteroclada and Eucheuma 

denticulatum as biofilters for nitrate and ammonia concentrated in open water cages 

where abalone species (Haliotis asinina) was cultivated. 

Determination of the IMTA potential of marine species in a recirculating aquaculture 

system has been explored by several studies, but mostly, one extractive for one or more fed 

organisms. Recent findings revealed a decrease of inorganic nutrients such as total 

ammonia, nitrate, nitrite, and phosphate in nutrient-enriched system as species like H. 

scabra (Senff et al., 2020; Thuy et al., 2024), P. viridis (Srisunont and Babel, 2015), and S. 

siliquosum were integrated (Edwards et al., 2024). At varying densities, sandfish (Neofitou 

et al., 2019; Senff et al., 2022; Chatzivaasileiou et al., 2024), green mussels (Rejeki et al., 

2021), and Sargassum also exhibited survival and growth after assimilating wastes from 

grouper (Adharini et al., 2021) and shrimp (Yasir and Adharini, 2021) as fed species. 

The present study is intended to lay the groundwork for setting up an open water multi-

trophic aquaculture system (IMTA) by first investigating in a more controlled environment 

the suitability of extractive, high-value species namely sand fish (Holothuria scabra), 

green mussel (Perna viridis) and brown seaweed (S. siliquosum) which were integrated as 

components in fed aquaculture namely, milkfish (Chanos chanos). Particularly, this work 

sought to determine the biofiltration efficiencies of the extractive species of the wastewater 

coming from the fed species in an indoor glass tank set-up. This was carried out by: (1) 

investigating the growth of each cultured species; (2) determining the biofiltration potential 

of extractive species S. siliquosum; and (3) estimating the total amount of ammonia, nitrate 

and phosphate removed as excess nutrients from the fed species that enters the ambient 

seawater and as part of the seaweed biomass removed during harvest. 

Methods 

Extractive species used in the experiment 

The three extractive species that were utilized in this research (Fig. 1) were obtained 

from the nearest possible source within the Visayas region. For the culture trials, species 

of juvenile H. scabra (a benthic deposit-feeding sea cucumber) were obtained from a 
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fisher in Cordova, Cebu who identified the sea cucumber using a (laminated) 

photograph of the H. scabra. Young adults of P. viridis (a suspension feeding bivalve) 

were obtained from a mussel farm in Villareal, Samar Province. As for the brown 

seaweed S. siliquosum, vegetative fragments were obtained from Maribago, Lapulapu 

City (Mactan Island, Cebu) after securing a permit from the Bureau of Fisheries and 

Aquatic Resources – Region 7 (BFAR 7). All species were gradually acclimatized with 

sand-filtered seawater from the supply source to the transplant study area for seven days 

following the procedure of Layugan et al. (2018). 

 

 

 

Figure 1. Extractive and fed species integrated in an indoor laboratory setup: (A) Tank 1 - 

sandfish, H. scabra, (B) Tank 2 - green mussel, P. viridis and (C) Tank 3 - brown macroalgae, 

S. siliquosum, and (D) C. chanos. (Source: authors) 

 

 

Tank experiment on IMTA system with fed and extractive species 

A 42-day laboratory feasibility study was conducted in the Marine Research Station 

of the University of San Carlos adopting the methods of Correia et al. (2020) with some 

modifications. Four glass tank units (210 L; dimension: 89.2 cm × 56.1 cm × 60 cm) 

was set up to investigate the potential of IMTA concept for the local fish farms. The 

system involved juvenile (~7 cm) milkfish (Chanos chanos) as fed species, and sea 

cucumber (H. scabra, ~7 cm; 53.9 g), green mussel (juvenile P. viridis, ~ 5 cm shell 

length) and brown seaweed (S. siliquosum, vegetative thalli fragments, ~ 10 cm in 

length) as extractive species. After an acclimatization period of one week, both milkfish 

and sea cucumber were placed together in a single tank and the other species were 

placed in separate tanks – all tanks were connected with each other in a closed, re-

circulating system (Fig. 2). All tanks were supplied with common seawater that passed 

first through a filtration tank with sand and gravel before it goes into the individual 

tank. Each tank was aerated using air pumps connected with tubes. A water pump 

placed at the end of the last tank re-circulated the seawater back to the first tank 

containing the milkfish and sea cucumber after passing the filtration tank (Fig. 2). 

In the tank where milkfish and sandfish were co-cultured, 2 cm layer of clean sand 

(Dobson, 2020) were obtained from where the sandfish were sourced. During the 

observation period, physico-chemical parameters were maintained in an outdoor condition 

where water temperature ranged from 27.17°C to 31.63°C, pH between 6.07 and 8.27, 

A B C 

D 
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salinity at around 35 psu, dissolved oxygen between 4.41 and 7.30 mg/L, and concentrations 

of total dissolved solids at a range of 1.02–3.29 mg/L. These parameters were determined 

using pH meter, refractometer, DO meter and Bante 900 benchtop multiparameter meter, 

respectively. As for the seaweed Sargassum, photoperiod was maintained at 12/12 h 

light/dark cycle (Correia et al., 2020) was irradiated by 100.69 ± 21.38 µmol m-2 s-1 

(mean ± SD) using light meter. The control tank contained milkfish only and was maintained 

with similar environmental conditions as the treatment tanks. 

 

 

Figure 2. Schematic diagram of IMTA treatment tanks. The broken line with an arrow indicates 

the recirculation flow from the filtration tank to IMTA tanks, supporting the maintenance of fed 

and extractive species. The blue layers represent the water levels maintained within each tank 

 

 

The fish tank was stocked with 7 juveniles of C. chanos of ~ 7 cm in length at a 

stocking density of 1657 g/m3, based on the total water volume of 120 L. Stocking 

densities for other IMTA species were calculated considering their initial biomass and the 

tank surface area: H. scabra at 40.1 g/m2 (initial biomass of 100 g distributed over the 

tank surface, n = 4; Senff et al., 2020), P. viridis juveniles at 19 500 g/m3 of (initial total 

biomass of 2 116 g; Correia et al., 2020), and S. siliquosum at 1 298 g/m3 (Correia et al., 

2020) (Fig. 2) with modifications to optimize biomass and resource use within the 120 L 

tank. The fish was fed with a commercial diet (Santeh) containing crude protein (31%) 

and crude fat (8%) (FAO, 2021) three times a day (8:00 AM, 12:00 NN, and 16:00 PM) at 

a feeding rate of 4% of biomass per day (FAO, 2021). Total feed intake was measured 

and recorded daily. From each tank, water samples were collected weekly at 9:00 o’clock 

in the morning, after feeding the milkfish (Correia et al., 2020). All water samples were 

chilled and sent to FAST Laboratory (Subangdaku, Mandaue City) within 6 h of 

collection for ammonia, nitrate, and phosphate analyses. The results were compared to the 

2016 DENR Water Quality Standards for marine waters. 

 

Growth rate of extractive species 

At the start and at the end of the experiment, the fish, sea cucumber, mussels and 

Sargassum were group-weighed using an analytical balance to get the total biomass of 

each species. The diameter and length of each sea cucumber and length and width of 

each green mussel shell were measured with a Vernier caliper (Correia et al., 2020). 

Except for the seaweed Sargassum, all test organisms’ daily growth rate (DGR) and 

survival rate (SR) were calculated using the following equations (Largo et al., 2016): 

 

  (Eq.1) 
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where Wf is the wet weight after t days culture and Wi is the initial weight 

 

 SR = NI – NF/NI × 100 (Eq.2) 

 

where NI = initial number of species and NF = final number of species 

As for the brown alga, S. siliquosum, the increase in biomass yield (Y) and daily 

growth rate (DGR) were determined using the following equation (Bermejo et al., 

2020): 

 

 Y (mg dw m-1 day-1) = [(Bt – B0) (dw/fw)/tL] (Eq.3) 

 

where Bt is the final algal wet weight for each rope (mg), B0 is the initial biomass, t is 

the cultivation period in days, dw is the dry weight, fw is the fresh weight and L is the 

length of the ropes. After the cultivation period, samples of Sargassum were dried for 

48 h in a Memmert drying oven at 60°C. 

The biofiltering efficiency (%) of the seaweed was calculated based on nutrient 

concentrations in the effluents from both the control and IMTA systems using 

Equation 4 (Hernandez et al., 2005, as cited in Kang et al., 2011); 

 

 Biofiltering efficiency (%) = (A – B) / A × 100 (Eq.4) 

 

where A and B are the nutrient concentrations (total nitrate and phosphate) in the 

effluent of the control and IMTA system, respectively; 

To determine the total N and P content in the macroalgal tissue, a sample containing 

30 g (dry weight) from the initial and final stocks were analyzed for total nitrogen and 

total phosphorus using macro-Kjeldahl and spectrophotometric method, respectively. 

The bio-mitigation capacity of the same seaweed was calculated using Equation 5 

(Bermejo et al., 2020): 

 

 Bio-mitigation capacity (mg N m-1 month -1) = [Nt (dw/fw)t Bt – N0 (dw/fw)0 B0] (Eq.5) 

 

where Nt and N0 (mg N g-1 dw) are the tissue N (or P) contents at the end and at the 

beginning of the cultivation period. 

 

Statistical analysis 

All statistical analyses were performed using Microsoft Excel (version 2021). 

Differences of the environmental conditions in control and IMTA tanks, as well as the 

initial and final inorganic nutrients accumulated by S. siliquosum tissues were compared 

using Student’s t-test. To test the variability of the concentrations of inorganic nutrients 

in the IMTA tanks one-way ANOVA was performed. Significance level is at p < 0.05. 

Results 

Growth of the cultured species in the IMTA tanks 

Growth performance of the species maintained inside tanks were evaluated for their 

survival rate, daily growth rate, and yield after being exposed to organic and inorganic 

wastes coming from the milkfish fed with commercial feeds (Table 1). In the control 
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set-up, the milkfish showed limited growth and 0% survival rate prior to the 

termination of the observation period likely due to potential microbial infection 

originating from the source, which will be described in detail in the subsequent 

subsection. In the IMTA set-up, on the other hand, the initial total or combined 

biomass (fresh) of C. chanos as fed species and the extractive species, namely, 

Holuthuria scabra, Perna viridis and Sargassum siliquosum were 39.8, 215.6, 2 116.0 

and 1 298.0 g, respectively. Their combined biomass was 3 669.4 g. After a 42-day 

period, the final biomass of each species was recorded as follows: C. chanos = 19.2 g, 

H. scabra = 257.1 g, P. viridis = 1 250 g, and S. siliquosum = 458.5 g. The overall 

biomass of the setup at the end of the period was 2 382 g, indicating a 35.08% 

reduction in total biomass. 

 
Table 1. Growth data of fed and extractive species in the recirculating IMTA system 

Parameters 

*Fed species Extractive species 

Control IMTA 

C. chanos 

(N = 7) 

C. chanos 

(N = 7) 

H. scabra 

(N = 4) 

P. viridis 

(N = 112) 
S. siliquosum 

DGR in weight (% fw d-1) - - 0.017 0.46 - 0.98 - 1.54 

Initial weight (g) 40.5 ± 0.36 39.8 ± 0.37 215.6 ± 14.16 2 116 ± 1.99 1 298 ± 83.67 

Final weight (g)  - 19.2 ± 0.29  257.1 ± 17.60 1 250 ± 2.31 458.5 ± 36.42 

DGR in length (cm-1 d-1) - 0.11 1.54 0.00003 - 

Initial mean length (cm) 7.00 ± 0.0 7.00 ± 0.00 7.75 ± 0.99 5.656 ± 0.80 - 

Final mean length (cm) - 11.67 ± 0.01 12.75 ± 1.65 5.658 ± 1.21 - 

DGR in width (cm-1 d-1) - - 0.0162 0.001 - 

Initial mean width (cm) - - 3.93 ± 0.21 2.62 ± 0.37  - 

Final mean width (cm) - - 3.25 ± 0.62 2.58 ± 0.41 - 

Survival rate (%) 0 17.39 100 ± 0.00 69.64 - 

Yield (mg dw m-1 d-1) - - - - - 276.1 

Initial algal wet weight (mg) - - - - 432, 670 

Final algal fresh weight (mg) - - - - 150, 500 

Final algal dry weight (mg) - - - - 17, 800 

Total weight reduced (%) - - - - 35.08 

Initial weight (milkfish 

+ IMTA species in g) 
- - - - 3 669.4 

Final weight (milkfish 

+ IMTA species in g) 
- - - - 2 382.0 

DGR means daily growth rate of the parameter measured 

*The initial sample size was 7 individuals; however, the remaining samples at the end of the 

observation period was 0 (4th week) in the control and 4 in the IMTA set-up 

 

 

In this study, the juvenile milkfish demonstrated poor growth rates in terms of body 

length and weight. The survival rate of C. chanos was 17.39%, with only 4 individuals 

remaining out of the original number of 23. Its average initial length of 7 cm and weight 

of 5.68 g increased to 11.67 cm and 6.4 g, respectively, after 42 days. These values 

accounted for a total increase in length of 1.59% and weight of 0.30% d-1, respectively. 
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Noticeably, prior to the death of the milkfish grown in tanks, some form of microbial 

infection (Fig. 3A) was manifested as external hemorrhagic red spots in the fish’s body 

surface, accompanied with skin lesions associated with fin rot. Mucus secretions near 

the gills and concentrated in the pectoral fin towards the vent was also noticed. The 

microbial organism isolated from the surface mucus of the dead milkfish (obtained from 

the Tank 1) appeared as microscopic filaments (Fig. 3B). 

 

 

Figure 3. (A) Chanos chanos sample from Tank 1 with multiple red spots on its body with 

microbial colony (yellowish) as pointed by the red arrow, (B) photomicrograph of freshly-

mounted mucoid sample containing the suspected pathogen, and (C) Biddulphia sp. obtained 

from the S. siliquosum thalli. (Source: authors) 

 

 

On the other hand, the survival rates of the extractive species varied among the 

species used (Table 1). H. scabra registered 100% survival rate. Its mean body length 

and weight increased from an initial mean length of 7.75 cm to 12.75 cm (9.09%) and 

from the initial mean weight of 215.6 g to 257.1 g (16%). Perna viridis recorded a 

69.64% survival rate with a daily growth rate (DGR) of -0.98% d-1 indicating loss in 

weight. While its mean initial shell length remained at 5.66 cm, shell width increased 

from 2.58 cm to 2.62 cm. Although there was an observed increase in shell width of 

1.62%, the mean initial and final shell weights (in grams) decreased from 18.89 to 16.03 

(15.1%). As for the S. siliquosum, the vegetative thalli fragments were replaced with 

new ones every three weeks (three sets of replacements): 399, 500, and 399 g. The 

adjustment of initial biomass for the second set was tried to observe whether there will 

be changes to the concentrations of the inorganic nutrients tested from the water 

samples. Thalli of S. siliquosum showed signs of deterioration and disintegration within 

the first three weeks of study period. Overgrowth of epiphytic diatom, Bidulpphia sp. 

(Fig. 3C) collected from the seaweeds’ thalli was also observed. The total initial algal 

fresh weight used in the set-up was 1 298 g and the total final harvested fresh weights 

from the three sets were 458.5 g or 35.32% difference as compared to the initial fresh 

weight (Table 1) showing a negative net growth of -1.54%. The final computed yield is 

-276.1 mg dw m-1 d-1 indicating a net biomass loss over the study period. 

 

Biofiltration potential of Sargassum siliquosum 

In this study, S. siliquosum showed biofiltering efficiency for inorganic nutrient 

(nitrate and phosphate) concentrations in the IMTA tanks when compared to the control 

tanks (Figs. 5D, 6D, 7B-C). Nitrate removal was relatively low, with an overall 

reduction of 15.65%, although the highest nitrate biofiltration occurred during the 2nd 

week of the experimental period. Conversely, the phosphate biofiltering efficiently was 

higher (79.61%), indicating a more effective removal by S. siliquosum. 

A B C 
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Chemical analyses further showed that there was a considerable increase of total tissue 

nitrogen and phosphorus of S. siliquosum thalli cultured in IMTA tanks at the start and 

end of the culture period (Fig. 4). Results showed that the total nitrogen and phosphorus 

in the macroalgal tissue (initial = 0.91 mg N / g ± 0.082 and final = 1.72 mg N /g ± 0.050; 

initial = 0.02 mg P / g ± 0.003 and final = 0.16 mg P / g ± 0.003) are statistically different 

(Total N is p = 0.014; Total P is p = 0.001). Computed from these values, the biofiltration 

rates were estimated at 183.3 mg N m-1 month-1 and 31.7 mg P m-1 month-1. 

 

 

Figure 4. Estimate of the total nitrogen and phosphorus content in S. siliquosum tissue. Data 

presented are means ± SD (n = 3) of dry weight samples at initial and final stocks 

 

 

Environmental conditions 

Figure 5 shows the results of the weekly average value of the water quality 

parameters measured in both control and IMTA tanks over a 42-day period, indicating 

the parameters to be within the optimal range of milkfish aquaculture production 

including changes in temperature, salinity, dissolved oxygen, pH, and total dissolved 

solids (Astuti and Warsa, 2020). The values of temperature, DO, salinity, and TDS were 

not significantly different (p > .05) between control and treatment (IMTA) tanks and all 

were within the Water Quality Standards of DENR (DAO 2016-08) for Marine Waters 

Class SC category. As for the pH levels, while the values between control and IMTA 

tanks differed significantly (p = 0.028), both are within the pH range of DENR DAO 

2016-08 water quality standards for marine waters under the Class SC category. 

Inorganic nutrients in each tank, monitored weekly from day 0 to day 42, showed 

ammonia and phosphate concentrations to be significantly different between control and 

experimental set up (p < .05) (Fig. 5D), while that of nitrate concentration, although 

higher in IMTA (mean 0.79 ± 0.004 mg/L) than that of the control (mean 

0.72 ± 0.001 mg/L), their values were not statistically different (p = 0.428). The primary 

sources of ammonia were the uneaten feeds (Santeh feeds, with 39% crude protein and 

7% crude fat according to its nutrient profile label) and fish feces. With reference to the 

DENR Water Quality Standards for Class SC category, the levels of ammonia in both 

control (1.56 mg/L) and IMTA (0.56 mg/L) were relatively high; nitrate concentrations, 

on the other hand, were comparatively low, while phosphate levels were high in the 

control, but low in the IMTA tanks (Fig. 6A–C). 

Weekly monitoring of nutrients showed ammonia to be fluctuating but generally 

increasing for nitrate in both control and IMTA tanks and for phosphate in IMTA tank 

p = 0.014 

p = 0.001 
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only (Fig. 6A–C). Concentrations of ammonia were highest in 4th (2.56 ± 0.006 mg/L) 

and 5th (1.59 ± 0.004 mg/L) weeks for control and IMTA tanks, respectively (Fig. 6A). 

Nitrate levels also increased but only up to the 2nd week in the control tank, after which 

it gradually went down towards the 4th week (1.04 ± 0.004 mg/L) (Fig. 6B) while it 

generally went up in the IMTA tanks until the 5th week (1.60 ± 0.003 mg/L) (Fig. 6B). 

Phosphate, on the hand, consistently increased up to 4th week (6.6 ± 0.014 mg/L) 

followed by a slight decline in the following week in the control tank, whereas it 

dramatically went up in the IMTA tank of up to 1.75 ± 0.0002 mg/L (Fig. 6C). Overall, 

nutrient levels for ammonia and phosphate were significantly high in the control tank 

than in the IMTA tanks (p < 0.05; Fig. 5D); however, within IMTA tanks 1, 2, and 3, 

nutrient concentration were not statistically different (p < 0.05; Fig. 6D). In Figure 6D, 

nutrient concentrations in IMTA tanks were presented separately together with the 

control to illustrate tank-specific differences resulting from the biological responses of 

different IMTA species placed in tanks. 

 

 
 

 1 

p = 0.01 

p = 0.003 

C D 

  1 

 2 

p = 0.01 

p = 0.003 

A B 

C D 

 

Figure 5. Environmental conditions in water samples between control and IMTA tanks during 

the observation period, showing significant difference in the concentrations of pH (C), nutrients 

ammonia, and phosphate (D). Data presented are means ± SD (n = 6) at p < 0.05 

Discussion 

Growth of fed and IMTA species 

Decreased biomass (35.08%) of both fed and IMTA species after 42 days indicates 

poor growth and mortality of some species used in the system. Since H. scabra and P. 

A B 
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viridis have high tolerance to environmental pollution (Wolkenhauer et al., 2010; 

Layugan et al., 2018), and S. siliquosum was recorded to have high reproductive and 

vegetative wet biomass (Hurtado and Ragaza, 1999), multiple environmental stressors 

that are either natural or anthropogenic in origin could have affect the health of these 

marine species such as increase of water temperature, salinity variation, and nutrient 

enrichment (Carrier-Belleau et al., 2021). 

 

 

Figure 6. Inorganic nutrients accumulated in the control and IMTA tanks based on weekly 

measurements of total ammonia, nitrate, and phosphate, showing a general increase but 

fluctuating values for ammonia in both control and IMTA tanks (A), an upward trend up to the 

second week for nitrate in the control tank but up to the 5th week for the IMTA tank (B), while 

consistently increasing for phosphate in the control up to the 4th week and to the 5th week in the 

IMTA tank (C); all three nutrients dominated in mean concentrations in the control tank but 

with significantly lower in values up to the end of the culture period in IMTA tanks 1, 2 and 3 

(D). The broken red lines represent the acceptable limits of nutrients based on the DENR Water 

Quality Standard for aquaculture farms. Data presented are means + SD (n = 3). Statistical 

groupings indicated by brackets are based only on data from IMTA tanks (p < 0.05) 

 

 

While high mortality of juvenile C. chanos in this study could be attributed to 

combined effect of high temperature, poor water quality demonstrated by elevated 

environmental ammonia, and the presumed ascendance of opportunistic bacterial 

pathogens (Fig. 3B) isolated from the surface skin mucus of the fed species (Hanke et 

al., 2019; Estante-Superio et al., 2021) present in the IMTA system. Results showed that 

growth rate per day in terms of weight (0.30%) of the milkfish was much lower than the 

average rate (2.4-2.7% d-1) stipulated by FAO for milkfish fingerling (FAO, 2022). 
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Daily temperature during the experiment is substantially varied reaching a maximum of 

31.7°C at mid-day. In an indoor-based system, this was within the reported range (26°C 

to 33°C) of Hanke et al. (2019) where chronic thermal stress induced increase in 

ontogenetic and regenerated cortisol levels resulting to poor growth of juvenile 

milkfish. 

On the other hand, the overall growth of H. scabra in weight and length indicates 

its potential to effectively assimilate organic benthic deposits, thus, reduce particulate 

organic matter settling in aquaculture farms. Robinson et al. (2019) highlighted high 

biomass densities of H. scabra reared under organic enriched land-based RAS. In this 

study, the remarkable 100% survival of H. scabra is in agreement with previous 

studies demonstrating holothurian’s growth by assimilating organic wastes from 

sediments (Neofitou et al., 2019; Senff et al., 2022; Chatzivaasileiou et al., 2024) at 

low stocking density (Namukose et al., 2016). As observed throughout the 

experiment, sandfish moved on the glass surfaces, on surface and inside the sediments 

while feeding. This behavior caused bioturbation of the sediments and is believed to 

simultaneously reduce organic nutrients on sediments while oxygenating it (Purcell 

and Kirby, 2006). 

Mussels cultured in open seawater grow at an average of > 1% d-1 (Srisunot and 

Babel, 2015; Tantanasarit et al., 2013) and in tanks at 0.5 d -1 and 0.8 d-1 (Rejeki et 

al., 2021) at lower and higher densities, respectively. For this experiment, mussel 

tanks were grown at very high densities (19, 500 g m-2) achieved a negative daily 

growth rate of -0.74 g d-1. Although there was an observed increase in shell width 

(1.62%), the mean final shell weight (in grams) decreased at 15.1%. The slight 

increase of shell width is very low compared to the shell width increase of similar 

species recorded before and after IMTA study of Melendres and Largo (2021). No 

increase of shell length and decrease of shell weights indicates the species ’ stress 

condition, including food source and space attachment (Srisunot and Babel, 2015; 

Rejeki et al., 2021). 

Previous studies explored the feasibility of open sea suspension culture of Sargassum 

seedlings and vegetative cuttings using long-line. For tank experiments, research 

endeavors of Sargassum were focused to develop technologies for sexual (Largo et al., 

2020; Ko et al., 2020) and asexual reproduction (Kavale et al., 2023; Guo et al., 2024). 

In this study, we found that vegetative thalli grown in IMTA tanks revealed a daily 

growth rate of -1.54% d-1, which is similar to what was reported by Adharini et al. 

(2021) grown in aquarium; however, lower compared to open sea culture using raft 

method (1.12 ± 0.40% d-1), but higher SGR in fixed-off bottom method (-2.03 ± 0.23% 

d-1) (Yangson et al., 2022). 

Thalli degradation of Sargassum was observed after three weeks which could be 

attributed to light limitation and nutrient competition. Mean light intensity that was 

made available to mature plants in the treatment tanks was lower to the light 

requirement for benthic Sargassum (150 mmol photons m-2 s-1) (Redmond et al., 2014). 

Along with the noticeable overgrowth of diatom Biddulphia sp. (Fig. 3C), low light and 

microscopic epiphytes influence photosynthetic capabilities affecting growth and 

biomass of the host plant species (Chen et al., 2019; El-din et al., 2015). 

For future cultivation of similar species in tanks, microbial factors that could have 

affected the physiological performances of species utilized in the system can be 

eliminated by applying appropriate disinfection treatments (e.g., ultraviolet irradiation) 

of seawater to control microbial sources (Douillet and Pickering, 1998). 
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Also, to add data to the growth of S. siliquosum inside the IMTA recirculating 

system, it is recommended that weighing of the seaweeds will be done after seven days 

and vegetative thalli will be adjusted when needed to maintain the initial density (Mai et 

al., 2008; Correia et al., 2020). 

 

Practical modifications to enhance species growth 

The consistent weight loss observed across species in the current IMTA system 

suggests that further refinement of the design is necessary to promote species growth 

and enhance productivity. To address these limitations, practical modifications should 

be considered. For instance, replacing glass tanks with alternative materials or design 

modifications in milkfish tanks can help lower water temperatures, which are critical for 

optimal fish growth (Kodama et al., 2021; A’yun and Takarina, 2017). Additionally, 

sourcing water from the marine environment with lower nutrient levels can mitigate 

eutrophication risks and better mimic natural conditions, potentially reducing stress on 

cultured species (Duarte and Krause-Jensen, 2018). Incorporating mussel spat instead of 

juveniles can increase biofiltration capacity (Lauzon-Guay, 2005), while increasing 

light exposure for mature Sargassum can promote higher biomass productivity 

(Cheung-Wong et al., 2022), both of which are key for optimizing nutrient uptake. 

Furthermore, increasing water movement within the tanks can enhance nutrient 

circulation, especially benefiting filter feeder such as mussels, by improving mass 

transfer and waste removal (Maar et al., 2023). 

Future research should focus on systematically identifying the key limiting factors 

within the system, such as water quality, nutrient availability, and species-specific 

environmental needs. Optimizing species selection, adjusting stocking densities, and 

refining feeding strategies are crucial steps toward improving growth performance 

(Ghosh et al., 2025). Addressing these challenges will be essential for advancing IMTA 

systems from conceptual models to practical solutions capable of supporting sustainable 

aquaculture development. Despite current challenges, the core principles of nutrient 

sharing and waste reduction inherent in IMTA was observed in the study, thus, continue 

to offer significant potential for environmentally sustainable aquaculture when 

integrated and managed effectively. 

 

Accumulation of inorganic nutrients in macroalgal tissues 

There is limited land-based study that evaluated nutrient removal efficiency of 

Sargassum siliquosum integrated in an IMTA system using macroalgal tissue as 

indicator. In this study, total nitrogen and phosphorus contents in S. siliquosum tissue 

increased by 89.01% and 700%, respectively, as response to the feed input in the fed 

species tank. The relative increases of values in both nutrients showed changed 

nitrogen: phosphorus ratio, from the initial 46:1 to 11:1, suggesting a lower nitrogen 

and higher phosphate uptake rates. Although these findings demonstrated that, indeed, 

mature vegetative thalli can significantly assimilate total nitrogen and phosphorus 

from enriched aquaculture water, the changed N:P ratio at the end of the experimental 

period may indicate decreased status of seaweed health. Similarly, other studies also 

reported positive absorption of inorganic nutrients, nitrate, phosphate, and even urea 

and ammonium in tissues of Sargassum species in integrated recirculated aquaculture 

systems (Edwards et al., 2024; Theobald et al., 2024; Adharini et al., 2021; Yasir and 

Adharini, 2021). As far as we are aware, past studies did not compute for bio-
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mitigation capacity of Sargassum in IMTA system. Analysis of our results estimated 

bio-mitigation capacities of 183.3 mg N m-1 month-1 and 31.7 mg P m-1 month-1. 

These findings suggested that S. siliquosum is a good IMTA candidate in tropical 

aquaculture farms. 

 

Inorganic nutrient levels show potentials of extractive species as IMTA candidates 

Enrichment of the control and IMTA tanks with residual commercial feed led to the 

significant differences of the pH, inorganic nutrients ammonia, and phosphate in the 

recirculating aquaculture system. Results of the study demonstrated that integration of 

species such as Holothuria scabra, Perna viridis, and Sargassum siliquosum in the 

system potentially accumulated and reduced the nutrients from the water. In this study, 

feed and fish feces were the primary sources of ammonia. Absorption of nutrients from 

feeds by cultured fishes alone, including Chanos chanos, was reportedly at limited 

capacity (20%–30% only) (Effendi et al., 2020). This resulted to statistically significant 

higher concentrations of the nutrients in control tanks as compared to that of the IMTA 

tanks. This further suggests that the elevated pH values were consequence of the 

increasing total ammonia in waters (Salama et al., 2013), not the increase of nitrate and 

phosphate in water. However, noticeably, the total phosphate in the control tank after 42 

days (4.25 ± 0.01 mg P/L) was alarming. This values strongly indicate water pollution 

as total phosphates in water bodies recommended for aquaculture should not exceed 

0.05 mg/L (Boyd, 2015; FAO, 2024; Edwards et al., 2024). 

Between IMTA tanks, the increased levels of ammonia (0.187 ± 0.005) where C. 

chanos is placed exceeded the prescribed maximum limit of ammonia in aquaculture 

waters in the Philippines and most part of the world (DENR, 2016; Edwards et al., 

2024). This concentration can be attributed to the observed lost balance, tissue erosion, 

slow growth and eventually, death of the fed species. High environmental ammonia can 

disrupt the homeostatic mechanisms that fishes regulate. Aside from the overall effects 

of overabundant ammonia to C. chanos growth, reproduction and immune responses, 

other physical manifestations such as hemorrhage and darkened body color, damage to 

gill morphology, and loss of equilibrium (Yan et al., 2021; Zeitoun et al., 2016) were 

observed in this study. 

In the present study, the total ammonia and nitrate concentrations were lowest in 

IMTA tanks 1 and 3, respectively, where extractive species H. scabra and S. siliquosum 

are placed, and total phosphate was lowest in tank 2 where P. viridis was integrated. 

The decreased level of ammonia in the surrounding water in IMTA tank 1 contradicted 

the findings of Robinson et al. (2019) where concentrations of ammonia continue to 

increase in the first two months of sandfish culture, but comparable with other studies 

(Senff et al., 2020; Thuy et al., 2024). Nitrate uptake in recirculating nitrogenous 

wastewater was also reported successful in other study that utilized S. siliquosum 

(Edwards et al., 2024). Separate studies utilizing holothurians and green mussels 

mentioned significant increase of nitrates in experimental tanks (Robinson et al., 2019; 

Setyarini and Adharini, 2022). The latter could be a result of phosphate excretion as 

metabolic product of mussels (Setyarini and Adharini, 2022). Phosphate concentration, 

which was lowest in IMTA tank 2, agrees to the reported phosphorus absorption 

efficiency of P. viridis in aquatic systems (Srisunont and Babel, 2015). The biofiltering 

efficiency of S. siliquosum for inorganic nutrients, nitrate and phosphate, is indicative 

for its potential effectivity in reducing both nutrients within the system. While this study 

observed a relatively low nitrate biofiltration (15.65%) by Sargassum grown at higher 
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densities in land-based RAS, other studies has reported higher efficiencies ranging from 

50-80% when population of similar genus were cultured in open marine environments 

(Abdulwahid et al., 2023; Yasir and Adharini, 2021). This suggests that environmental 

variables within the set-up may inhibit optimal nitrate uptake. Factors such as low light 

intensities may limit photosynthetic activity for mature Sargassum thalli (Yasir and 

Adharini, 2021); elevated pH levels above 6.0 in RAS water potentially decreasing 

removal of nitrate ions adsorption capacity of the thalli (Meirinawati and Wahyudi, 

2023); and even water motion, which can interfere water uptake (Edwards et al., 2024), 

all likely contribute to S. siliquosum nitrate biofiltration efficiency. On the other hand, 

the biofiltering efficiency for phosphate in this study was higher compared to that of 

nitrate efficiency. This result supports the findings reported by Yasir and Adharini 

(2021), where genus Sargassum reducing rate for phosphate was 86%. Comparably, this 

study indicates higher phosphate biofiltration than other species of macroalgae (Ulva 

pertusa, Saccharina japonica, Gracilariopsis chorda) grown in similar recirculating 

system at different water levels that exhibit lower biofiltration efficiencies ranging from 

22.0% to 65.2% (Kang et al., 2011). Though phosphorus pollution does not directly the 

fed fish species, it does play a major role to seaweed growth and effective removal of 

phosphate from eutrophicated water (Lopez-Miranda et al., 2025; Yasir and Adharini, 

2021; Ohtake et al., 2020; Kang et al., 2011). This suggests that S. siliquosum is well-

suited as a biofilter in IMTA system. 

Finally, the differences of the inorganic nutrients in the study set-up promised 

efficacy of the chosen organisms to decontaminate coastal ecosystems in tropical 

regions. Further investigations to understand better the contribution of each species in 

the IMTA system can include determination of total suspended solids in filter-feeder’s 

tank and sediment analyses of organic matter in deposit-feeder’s tank. 

Conclusion 

As the health of the marine ecosystem continually faces multiple stressors, the 

exploration of IMTA system using locally available species known to bioremediate 

polluted marine waters is important. Findings revealed that integration of C. chanos, H. 

scabra, P. viridis and S. siliquosum is viable for a marine aquaculture set-up. Growth of 

C. chanos is influenced primarily by both the fingerling’s physical condition at the time 

of transfer and water quality (i.e., temperature, nutrients) in the maintaining tanks rather 

than by the species present within the system. Co-culture of C. chanos and H. scabra is 

possible showing high economic potential and environmental benefits. The remaining 

samples of P. viridis proved its wide tolerance to changing environmental conditions. S. 

siliquosum also indicated biofiltration efficiency as shown in the reduced inorganic 

nitrate and phosphate levels in IMTA tanks. Assimilated nutrients in the macroalgal 

tissues at biomass after harvest added evidence to the bio-mitigation capacity of S. 

siliquosum as IMTA candidate. 

Acknowledgements. This work was supported by a grant from the Department of Science and 

Technology Accelerated Science and Technology Human Resource Development Program (DOST – 

ASTHRDP). The authors would like to sincerely thank the panel members: Dr. Paul John Geraldino, Dr. 

Nathaniel Aňasco, Dr. Julie Otadoy, and Dr. Alvin Monotilla for the comments and suggestions that 

improved the dissertation work. We also gratefully acknowledge the help of Mr. Reynaldo Tobias for the 

laboratory assistance. 



Azcuna-Montaňo - Largo: Integration of extractive (Holothuria scabra, Perna viridis, and Sargassum siliquosum) with a fed species 

(Chanos chanos) in a land-based IMTA recirculating aquaculture system  
- 2021 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 24(2):2007-2025. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2402_20072025 

© 2026, ALÖKI Kft., Budapest, Hungary 

REFERENCES 

[1] A’yun, Q., Takarina, N. D. (2017): Ambient temperature effects on growth of milkfish 

(Chanos chanos) at aquaculture scale in Blanakan, West Java. – AIP Conference 

Proceedings 1862(1): 030117. 

[2] Abdulwahid, A. S., Mohammed, F., Noori, S. D., Shakir, M. N., Hamoodah, Z. J., 

Ahmed, N. M. (2023): Investigating the nitrate adsorption of Sargassum polycystum 

biomass. – Journal of Chemical Health Risks 13(4): 683-690. 

[3] Adharini, R. I., Murwantoko, Probosunu, N., Setiawan, R. Y., Satriyo, T. B. (2021): The 

effectiveness of seaweeds as biofilter for reducing wastewater nutrient and preventing 

water pollution from hybrid grouper culture. – Jurnal Ilmiah Per-ikanan dan Kelautan 

13(2): 133-143. 

[4] Astuti, L. P. and Warsa, A. (2019): Survival rate and growth rate of milkfish (Chanos 

chanos, Forsskal 1775) seeds in the acclimatization process at Ir. H. Djuanda reservoir. – 

IOP Conference Series: Earth Environmental Science 535: 1-7. 

[5] Bermejo, R., Cara, C. L., Macías, M., Sanchez-Garcia, J., Hernandez, I. (2020): Growth 

rates of Gracilariopsis longissima, Gracilaria bursa-pastoris and Chondracanthus teedei 

(Rhodophyta) cultured in ropes: implication for N biomitigation in Cadiz Bay (Southern 

Spain). – Journal of Applied Phycology 32: 1879-1891. 

[6] Boyd, C. E. (2015): Water Quality: An Introduction. – Springer, Berlin. 

[7] Carrier-Belleau, C., Drolet, D., McKindsey, C. W., Archambault, P. (2021): 

Environmental stressors, complex interactions and marine benthic communities’ 

responses. – Scientific Reports 11: 4194. 

[8] Chary, K., Aubin, J., Saduol, B., Fiandrino, A., Coves, D., Callier, M. D. (2020): 

Integrated multi-trophic aquaculture of red drum (Sciaenops ocellatus) and sea cucumber 

(Holothuria scabra): assessing bioremediation and life cycle impacts. – Aquaculture 

516(3): 734621. 

[9] Chatzivasileiou, D., Dimitriou, P. D., Tsikopoulou, I., Lampa, M., Papageorgiou, N., 

Tsapakis, M., Karakassis, I. (2024): Holothurians play an important role in mitigating the 

impacts of aquaculture on sediment conditions. – Marine Pollution Bulletin 198: 115856. 

[10] Cheung-Wong, R. W. Y., Kotta, J., Hemraj, D. A., Russell, B. D. (2022): Persistence in a 

tropical transition zone? Sargassum forests alternate seasonal growth forms to maintain 

productivity in warming waters at the expense of annual biomass production. – Science of 

the Total Environment 851: 158154. 

[11] Correia, M., Azevedo, I. C., Peres, H., Magalhães, R., Oliva-Teles, A., Almeida, C. M. 

R., Guimarães, L. (2020): Integrated multi-trophic aquaculture: a laboratory and hands-on 

experimental activity to promote environmental sustainability awareness and value of 

aquaculture products. – Frontiers in Marine Science 7(156): 1-12. 

[12] Department of Environment and Natural Resources (DENR) (2016): DENR 

Administrative Order No. 2016-08. – Water Quality Guidelines and General Effluent 

Standards of 2016. http://pab.emb.gov.ph/wp-content/uploads/2017/07/DAO-2016-08-

WQG-and-GES.pdf. 

[13] Dobson, G. T., Duy, N. D. Q., Southgate, P. C. (2020): First assessment of the potential 

for the coculture of sandfish (Holothuria scabra) with Babylon snail (Babylonia 

areolata) in Vietnam. – Journal of the World Aquaculture Society 52: 527-541. 

[14] Duarte, C. M., Krause-Jensen, D. (2018): Intervention options to accelerate ecosystem 

recovery from coastal eutrophication. – Frontiers in Marine Science 5: 470. 

[15] Edwards, G., Visch, W., Hurd, C. L., Smith, G., Fitzgibbon, Q. (2024): Nitrogen 

excretion by the lobsters Panulirus ornatus and Thenus australiensis and uptake by the 

brown algae Sargassum siliquosum: implications for integrated recirculated aquaculture 

systems. – Aquaculture 581: 740486. 



Azcuna-Montaňo - Largo: Integration of extractive (Holothuria scabra, Perna viridis, and Sargassum siliquosum) with a fed species 

(Chanos chanos) in a land-based IMTA recirculating aquaculture system  
- 2022 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 24(2):2007-2025. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2402_20072025 

© 2026, ALÖKI Kft., Budapest, Hungary 

[16] El-Din, S. N. G., Shaltout, N. A., Nassar, M. Z., Soliman, A. (2015): Ecological studies 

of epiphytic microalgae and epiphytic zooplankton on seaweeds of the eastern harbor, 

Alexandria, Egypt. – American Journal Environmental Science 11(6): 450-473. 

[17] Estante-Superio, E. G., Pakingking, R. V., Corre, V. L., Cruz-Lacierda, E. R. (2021): 

Vibrio harveyi-like bacteria associated with fin rot in farmed milkfish Chanos chanos 

(Forsskal) fingerlings in the Philippines. – Aquaculture 534: 736259. 

[18] FAO (2021): Aquaculture Feed and Fertilizer Resources Information System. – FAO, 

Rome. http://www.fao.org/fishery/affris/species-profiles/milkfish/faqs/en/. 

[19] FAO (2022): Milkfish—Growth. – FAO, Rome.  

https://www.fao.org/fishery/affris/species-profiles/milkfish/growth/en. 

[20] FAO (2024): The State of World Fisheries and Aquaculture 2024—Blue Transformation 

in Action. – FAO, Rome. https://doi.org/10.4060/cd0683en. 

[21] Fernandez-Gonzalez, V., Toledo-Guedes, K., Valero-Rodriguez, J. M., Agraso, M. M., 

Sanchez-Jerez, P. (2018): Harvesting amphipods applying the integrated multitrophic 

aquaculture (IMTA) concept in off-shore areas. – Aquaculture 489: 62-69. 

[22] Ghosh, A. K., Hasanuzzaman, A. F. M., Islam, S. S., Sarower, M. D., Mistry, S. K., 

Arafat, S. T., Huq, K. A. (2025): Integrated multi-trophic aquaculture (IMTA): 

Enhancing growth, production, immunological responses, and environmental 

management in aquaculture. – Aquaculture International 33: 336. 

[23] Guo, L., Pang, G., Luo, L., Gao, C., Chen, B., Ma, Z. (2024): Asexual proliferative 

seedling technology for Sargassum fusiforme constructed using tissue culture method. – 

Frontiers in Marine Science 11: 1363703. 

[24] Hanke, I., Ampe, B., Kunzmann, A., Gärdes, A., Aerts, J. (2019): Thermal stress 

response of juvenile milkfish (Chanos chanos) quantified by ontogenetic and regenerated 

scale cortisol. – Aquaculture 500: 2430. 

[25] Hernandez, I., Fernandez-Engo. M. A., Perez-Llorens, J. L., Vergara, J. J. (2005): 

Integrated outdoor culture of estuarine macroalgae as biofilters for dissolved nutrients 

from Sparus aurata waste waters. – Journal of Applied Phycology 17: 557-567. 

[26] Hurtado, A. Q., Ragaza, A. R. (1999): Sargassum studies in Currimao, Ilocos Norte, 

northern Philippines I. Seasonal variations in the biomass of Sargassum carpophyllum J. 

Agardh, Sargassum ilicifolium (Turner) C. Agardh and Sargassum siliquosum J. Agardh 

(Phaeophyta, Sargassaceae). – Botanica Marina 42(4): 321-325. 

[27] Irisarri, J., Fernandez-Reiriz, M. J., Labarta, U., Cranford, P. J., Robinson, S. M. C. 

(2015): Availability and utilization of waste fish feed by mussels Mytilus edulis in a 

commercial integrated multi-trophic aquaculture (IMTA) system: a multi-indicator 

assessment approach. – Ecological Indicators 48: 673-686. 

[28] Israel, D., Lupatsch, I., Angel, D. L. (2019): Testing the digestability of seabream wastes 

in three candidates for integrated multi-trophic aquaculture: grey mullet, sea urchin and 

sea cucumber. – Aquaculture 510: 364-370. 

[29] Kang, H. Y., Park, S. R., Chung, I. K. (2011): Biofiltration efficiency and biochemical 

composition of three seaweed species cultivated in a fish-seaweed integrated culture. – 

Algae 26(1): 97-108. 

[30] Kavale, M. G., Largo, D. B., de la Torre, E. O., Baritugo, A. T., Azcuna-Montaño, M. 

(2023): Plantlets directly developed from secondary phyllodes of Sargassum siliquosum 

J. Agardh: implication for seedling production during the off-reproductive season. – 

Aquaculture 563: 738977. 

[31] Kerrigan, D., Suckling, C. C. (2018): A meta-analysis of integrated multitrophic 

aquaculture: extractive species growth is most successful within close proximity to open-

water fish farms. – Reviews in Aquaculture 10(3): 560-572. 

[32] Ko, S. J., Kim, Y. K., Hong, S. W., Kang, M. S., Park, C. S., Hwang. E. K., Lee, Y. D. 

(2020): Artificial seed production and cultivation of Sargassum macrocarpum (Fucales, 

Phaeophyta). – Algae 35(2): 123‐131. 



Azcuna-Montaňo - Largo: Integration of extractive (Holothuria scabra, Perna viridis, and Sargassum siliquosum) with a fed species 

(Chanos chanos) in a land-based IMTA recirculating aquaculture system  
- 2023 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 24(2):2007-2025. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2402_20072025 

© 2026, ALÖKI Kft., Budapest, Hungary 

[33] Kodama, M., Diamante, R. A., Salayo, N. D., Castel, R. J. G., Sumbing, J. G. (2021): 

Growth performance and condition factor of juvenile milkfish (Chanos chanos) cultured 

in a marine pen in relation to body size and temperature. – Japan Agricultural Research 

Quarterly 55(2): 191-200. 

[34] Largo, D. B., Diola, A. G., Marababol, M. S. (2016): Development of an integrated multi-

trophic aquaculture (IMTA) system for tropical marine species in southern Cebu, Central 

Philippines. – Aquaculture Reports 3: 67-76. 

[35] Largo, D., Diola, A., Rance, G. M. (2020): Culture of the brown seaweed Sargassum 

siliquosum J. Agardh (Phaeophyceae, Ochrophyta): from hatchery to out-planting. – 

Journal of Applied Phycology 32: 1-18. 

[36] Lauzon-Guay, J.-S. (2005): Effect of mussel density and size on the morphology of blue 

mussels (Mytilus edulis) grown in suspended culture in Prince Edward Island, Canada. – 

Aquaculture. https://doi.org/10.1016/j.aquaculture.2005.03.048. 

[37] Layugan, E. A., Tabasin, J. P. B., Alejos, M. S., Pidoy, L. E. (2018): Growth performance 

of green mussel Perna viridis transplanted inn Buguey Lagoon, Philippines. – Acta 

Scientific Agriculture 2(6): 43-47. 

[38] Lopez-Miranda, J. L., Elizalde-Mata, A., Esparza, R., Estevez, M. (2025): Study of 

Sargassum spp. as a biosorbent material for the elimination of contaminants dissolved in 

water. – MRS Advances 10: 379-385. 

[39] Maar, M., Larsen, J., Schourup-Kristensen, V., Taylor, D. (2023): Nutrient extraction and 

ecosystem impact by suspended mussel mitigation cultures at two contrasting sites. – 

Science of the Total Environment 888: 164168. 

[40] Mai, H., Fotedar, R., Fewtrell, J. (2008): Removal of inorganic nitrogen by integrating 

seaweed (Sargassum sp.) into western king prawn (Penaeus latisulcatus, Kishinouye 

1896) culture. – Conference on International Research on Food Security, Natural 

Resource Management and Rural Development, University of Hohenheim, October 7-9. 

[41] Meirinawati, H., and Wahyudi, A. J. (2023): Seaweed as bioadsorbent for nitrogen and 

phosphorus removal. – Journal of Environmental Science and Sustainable Development 

6(1): 183-209. 

[42] Melendres, A. R. Jr, Largo, D. B. (2021): Integrated culture of Eucheuma denticulatum, 

Perna viridis, and Crassostrea sp. in Carcar Bay, Cebu, Philippines. – Aquaculture 

Reports 20: 100683. 

[43] Min, H. (2011): Effects of nutrients from fish farms on culture of blue mussel (Mytilus 

edulis). – Thesis. Norwegian University of Science and Technology, Trondheim. 

[44] Mustafa, S., Estim, A., Saufi, S. (2019): Biodynamics in tropical integrated aquaculture 

systems and challenges in producing organic food using low-carbon methods. – Borneo 

Journal of Marine Science and Aquaculture 3(1): 1-8. 

[45] Namukose, M., Msuya, F. E., Ferse, S. C., Slater, M. J., Kunzmann, A. (2016): Growth 

performance of the sea cucumber Holothuria scabra and the seaweed Eucheuma 

denticulatum: integrated mariculture and effects on sediment organic characteristics. – 

Aquaculture Environment Interactions 8: 179-189. 

[46] Neofitou, N., Lolas, A., Ballios, I., Skordas, K., Tziantziou, L., Vafidis, D. (2019): 

Contribution of sea cucumber Holothuria tubulosa on organic load reduction from fish 

farming operation. – Aquaculture 501: 97-103. 

[47] Ohtake, M., Nishihara, G. N., Inoue, Y., Tsuchiya, K., Toda, T. (2020): Phosphorus 

demand and uptake during growth and maturation of the brown alga Sargassum 

macrocarpum. – Phycological Research 68(4): 277-289. 

[48] Park, M. S., Min, B. H., Kim, Y. D., Yoo, H. (2012): Biofiltration efficiency of 

Saccharina japonica for integrated multi-trophic aquaculture (IMTA). – Korean Journal 

of Fisheries and Aquatic Sciences 45(4): 351-357. 

[49] Purcell, S. W., Kirby, D. S. (2006): Restocking the sea cucumber Holothuria scabra: 

sizing no-take zones through individual-based movement modelling. – Fisheries Research 

80: 53-61. 



Azcuna-Montaňo - Largo: Integration of extractive (Holothuria scabra, Perna viridis, and Sargassum siliquosum) with a fed species 

(Chanos chanos) in a land-based IMTA recirculating aquaculture system  
- 2024 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 24(2):2007-2025. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2402_20072025 

© 2026, ALÖKI Kft., Budapest, Hungary 

[50] Redmond, S., Kim, J., Yarish, C., Pietrak, M., Bricknell, I. (2014): Culture of Sargassum 

in Korea. – NOAA Sea Grant, Orono Maine. 

[51] Rejeki, S., Debrot, A. O., van den Brink, A. M., Ariyati, R. W., Lakshmi Widowati, L. 

(2021): Increased production of green mussels (Perna viridis) using longline culture and 

an economic comparison with stake culture on the north coast of Java, Indonesia. – 

Aquaculture Research 52: 373-380. 

[52] Robinson, G., Caldwell, G. S., Jones, C. L. W., Stead, S. M. (2019): The effect of 

resource quality on the growth of Holothuria scabra during aquaculture waste 

bioremediation. – Aquaculture 499: 101-108. 

[53] Salama, Y., Chennaoui, M., Mountadar, M., Rihani, M., Assobhei, O. (2013): The 

physicochemical and bacteriological quality and environmental risks of raw sewage 

rejected in the coast of the city of El Jadida (Morocco). – Carpathian Journal of Earth 

Environmental Science 8: 39-48. 

[54] Salayo, N. D., Perez, M. L., Garces, L. R., Pido, M. D. (2012): Mariculture development 

and livelihood diversification in the Philippines. – Marine Policy 36(4): 867-881. 

[55] Sanz-Lazaro, C., Sanchez-Jerez, P. (2017): Mussels do not directly assimilate fish farm 

wastes: shifting the rationale of integrated multi-trophic aquaculture to a broader scale. – 

Journal Environmental Management 201: 82-88. 

[56] Senff, P., Blanc, P. P., Slater, M., Kunzmann, A. (2020): Low-technology recirculating 

aquaculture system integrating milkfish Chanos chanos, sea cucumber Holothuria scabra 

and sea purslane Sesuvium portulacastrum. – Aquaculture Environment Interactions 12: 

471-484. 

[57] Senff, P., Elba, B., Kunzmann, A., Gillis, L. G., Robinson, G. (2022): Carbon 

supplementation promotes assimilation of aquaculture waste by the sea cucumber 

Holothuria scabra: evidence from stable isotope analysis. – Aquaculture 547: 737295. 

[58] Setyarini, E. N., Adharini, R. I. (2022): The use of Perna viridis to improve water quality 

of shrimp pond wastewater aquaculture. – ACCL Bioflux 15(4): 2220-2226. 

[59] Srisunot, C., Babel, S. (2015): Uptake, release, and absorption of nutrients into the marine 

environment by the green mussel (Perna viridis). – Marine Pollution Bulletin 97: 285-

293. 

[60] Tantanasarit, C., Babel, S., Englande, A. J., Meksumpun, S. (2013): Influence of size and 

density on filtration rate modelling and nutrient uptake by green mussel (Perna viridis). – 

Marine Pollution Bulletin 68: 38-45. 

[61] Theobald, E. J., Irving, A. D., Capper, A., Costa, J. F., Diaz-Pulido, G., Andrews, E. L., 

Kelly, J., Jackson, E. L. (2024): Selection of marine macroalgae for nutrient biofilter and 

bioproduct trials in the coastal waters of Queensland, Australia. – Aquaculture 

International 32: 9631-9669. 

[62] Thuy, M. N., Phuong, Q. D. T., Duy, N. D. Q., Lal, M. M., Southgate, P. C. (2024): 

Integrated aquaculture of sandfish (Holothuria scabra) with snubnose pompano 

(Trachinotus blochii) for increased production and nutrient recycling. – Aquaculture 

Reports 34: 101880. 

[63] Wolkenhauer, S. M., Uthicke, S., Burridge, C., Skewes, T., Pitcher, R. (2010): The 

ecological role of Holothuria scabra (Echinodermata: Holothuroidea) within subtropical 

seagrass beds. – Journal of the Marine Biological Association of the United Kingdom 

90(2): 215-223. 

[64] Yan, X., Chen, Y., Dong, X., Tan, B., Liu, H., Zhang, S., Chi, S., Yang, Q., Liu, H., 

Yang, Y. (2021): Ammonia toxicity induces oxidative stress, inflammatory response and 

apoptosis in hybrid grouper (Epinephelus fuscoguttatus x E. lanceolatu). – Frontiers 

Marine Science 8(667432): 1-15. 

[65] Yangson, N. A. T., Edubos, J. I., Tahiluddin, A. B., Toring, C. C., Toring-Farquerabao, 

M. L. B. (2022): A preliminary study on the cultivation of brown seaweed Sargassum 

cristaefolium using fixed-off bottom and raft methods. – Journal of Agriculture 

Production 3(1): 17-29. 



Azcuna-Montaňo - Largo: Integration of extractive (Holothuria scabra, Perna viridis, and Sargassum siliquosum) with a fed species 

(Chanos chanos) in a land-based IMTA recirculating aquaculture system  
- 2025 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 24(2):2007-2025. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2402_20072025 

© 2026, ALÖKI Kft., Budapest, Hungary 

[66] Yassir, M. A., Adharini, R. I. (2021): The effectiveness of Sargassum polycystum C. 

Agardh (1824) density to reduce nitrate and phosphate in vannamei shrimp aquaculture. – 

IOP Conference Series: Earth and Environmental Science 919: 012009. 

[67] Yu, Z., Robinson, S. M. C., Xia, J., Sun, H., Hu, C. (2016): Growth, bioaccumulation and 

fodder potentials of the seaweed Sargassum hemiphyllum grown in oyster and fish farms 

of South China. – Aquaculture 464: 459-468. 

[68] Yuan, X., Zhou, Y., Mao, Y. (2015): Apostichopus japonicus: a key species in integrated 

polyculture systems. – Developments in Aquaculture Fisheries Science 39: 323-332. 

[69] Zeitoun, M. M., EL-Azrak, K. E. M., Zaki, M. A., Nemat-Allah, B. R., Mehana, E. E. 

(2016): Effects of ammonia toxicity on growth performance, cortisol, glucose and 

hematological response of Nile Tilapia (Oreochromis niloticus). – ACEH Journal of 

Animal Science 1(1): 21-28. 


