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ABSTRACT 

Seaweeds have many uses in industry and agriculture and many species have potential for 
integrated multi-trophic aquaculture (IMTA), since they are efficient in removing nutrients from 
water. The efficiency of Ulva flexuosa, U. fasciata and Gracilaria birdiae in removing nutrients from 
enriched water and their productive performance in outdoor tanks were quantified. These 
seaweeds (50 g; n = 5) were grown in tanks containing 50 L of eutrophic seawater, with a salinity of 
30, a temperature of 28.5 ± 2.8 °C, an irradiance of 547 ± 458 μmol photons m-2 s-1 and aeration. The 
nutrients levels were recorded daily and when total nitrogen removal was detected, the biomass 
was measured. After five days of cultivation, more than 98% of NH3 (H = 1.1; P = 0.56) and NO3

- 
(H = 2.7; P = 0.25) and 62.1% of PO43- (H = 0.0; P = 0.90) had been removed from the tanks. However, 
the mean daily growth rate (4.5 ± 2.5% day-1) and productivity (3.5 ± 1.9 g m-2 day-1) of U. fasciata 
and G. birdiae were higher than U. flexuosa (-13.6 ± 7.7% day-1; -6.24 ± 2.8 g m-2 day-1; P<0.01), 
demonstrating that microalga contamination by this species promoted high removal efficiency in 
the tanks, but a low productive performance. Based on these results, U. fasciata and G. birdiae show 
a greater potential for use in IMTA to improve water quality and produce biomass. 

Keywords: Gracilaria birdiae; productivity; daily growth rate; nutrient removal; Ulva fasciata; Ulva 
flexuosa 

 

EFICIÊNCIA BIOFILTRADORA E DESEMPENHO PRODUTIVO DE MACROALGAS COM 
POTENCIAL PARA AQUICULTURA MULTI-TRÓFICA INTEGRADA (AMTI) 

 
RESUMO 

As macroalgas são utilizadas em diversos setores industriais e agrícolas. Além disso, muitas 
espécies apresentam potencial para aquicultura multitrófica integrada (AMTI), pois são eficientes 
na remoção de nutrientes da água. A eficiência biofiltradora e desempenho produtivo das 
macroalgas Ulva flexuosa, U. fasciata e Gracilaria birdiae e foram quantificados em tanques outdoor. 
As algas (50 g; n = 5) foram cultivadas em tanques de 50 L, com água eutrofizada, salinidade 
30 e temperatura média 28,3 °C. Os nutrientes foram monitorados diariamente e a biomassa foi 
mensurada assim que detectada a extinção do nitrogênio. Após cinco dias de cultivo, mais de 98% 
de NH3 (H = 1,1; P = 0,56) e de NO3- (H = 2,7; P = 0,25) e 62,1% de PO43- (H = 0,0; P = 0,9) foram 
removidos dos tanques. Contudo, a taxa de crescimento (% dia-1) e a produtividade (g m-2 dia-1) 
de U. fasciata e de G. birdiae (4,5 ± 2,5% dia-1; 3,5 ± 1,9 g m-2 dia-1) foram superiores às de U. flexuosa 
(13,6 ± 7,7% dia-1; 6,2 ± 2,8; P<0,01), cuja contaminação por microalgas contribuiu para elevada 
eficiência de retirada nos tanques desta espécie, mas baixo desempenho produtivo. Desta forma, 
U. fasciata e G. birdiae foram indicadas para AMTI tanto para a manutenção da qualidade da água 
quanto para aproveitamento de biomassa.  

Palavras chave: Gracilaria birdiae; produtividade; remoção de nutrientes; taxa de crescimento diário; 
Ulva fasciata; Ulva flexuosa 
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INTRODUCTION 

Global aquaculture development is the result 

of the development and constant improvement 

of new production technologies (FAO, 2014). 

However, the intensification of aquaculture 

increases waste production, as well as water and 

energy consumption (MARTINS et al., 2011). In 

view of these problems caused by aquaculture, 

Recirculation Aquaculture Systems (RAS) 

represent an alternative type of cultivation that 

minimizes the impacts generated by intensive 

animal aquaculture (ROSENTHAL et al., 1986). 

Recirculation Aquaculture Systems offer various 

advantages over conventional aquaculture, 

including a reduction of water consumption 

(VERDEGEM et al., 2005; MARTINS et al., 2010), 

and improved control over water quality and 

occurrence of disease and the ability to control 

escapes of animals to the environment (ZOHAR 

et al., 2005). 

One of the principles of RAS is the use of 

filters that enhance the development of nitrifying 

bacteria responsible for the oxidation of ammonia 

to nitrate, although these metabolic wastes 

accumulate in the system and can harm the 

development and health of animals (DAVIDSON 

et al., 2009; GOOD et al., 2009). The nitrate that 

accumulates in RAS can cause chronic toxicity to 

fish, particularly in systems that operate with 

low water renewal (DAVIDSON et al., 2014). A 

contemporary method to deal with this issue is to 

use organisms of different trophic levels in RAS to 

those used in integrated multi-trophic aquaculture 

(IMTA). NEORI (2008) reports that seaweeds can 

filter these undesirable substances, and can take 

advantage of using their biomass for an economic 

purpose and can be turned into an ecologically-

balanced farm. 

Many species of macroalgae are effective in 

removing nutrients from water and show a high 

potential for IMTA in RAS (HAYASHI et al., 2008; 

NEORI, 2008; MARINHO et al., 2013). Several 

studies have proven the efficiency of macroalgae 

in retaining nitrogen compounds derived from 

IMTA (NEORI et al., 2003; NEORI, 2008; 

COPERTINO et al., 2009; CRUZ-SUÁREZ et al., 

2010; MARINHO et al., 2013). In addition, IMTA 

uses various industrial applications for algae 

(NEORI, 2008; BIXLER and PORSE, 2010) and 

these are recognized as a high-quality food and 

have traditionally been used as food and feed 

(FLEURENCE, 1999; FAO, 2014), especially in 

Asian countries (KUMAR et al., 2008). Many algae 

species have a suitable chemical composition 

for use as an ingredient in aquaculture with 

the potential for large-scale production (AL 

HAFEDH et al., 2014), without being anti-

nutritional (PEREIRA et al., 2012). 

Despite several applications, macroalgae 

production is in its infancy in Brazil and in the 

south and southeastern is limited to the exotic 

species, Kappaphycus alvarezii. Macroalgae of the 

genera Ulva and Gracilaria are notable for having 

a global occurrence (GUIRY and GUIRY, 2015) 

and for being suitable for intensive cultivation in 

tanks (RAPOSO et al., 2014; CASTELAR et al., 

2014). In this context, the aim was to evaluate the 

biofiltering efficiency of three species of Brazilian 

macroalgae: Ulva flexuosa, U. fasciata and Gracilaria 

birdiae and to analyze their productive performance, 

with the goal of improving water quality and 

generating biomass for different uses. 

MATERIAL AND METHODS 

Specimens of Ulva were collected on rocky 

shores in southeastern Brazil (U. flexuosa – 

23°03'42"S, 43°34'02"W; U. fasciata – 23°02'42"S, 

43°32'03"W) and the seedlings of G. birdiae in 

northeastern Brazil (12°48'00"S, 38°14'00"W). 

These species were acclimated for 21 days in 

outdoor cylindrical tanks containing 50 L seawater, 

with constant aeration. Temperature and light 

were natural and the tanks were protected of rain 

by a translucent PVC (Polyvinyl Chloride) tile. 

The water was obtained from a tide channel 

adjacent to the mangrove of the Reserva Biológica 

de Guaratiba (Biological Reserve of Guaratiba), 

Rio de Janeiro, RJ, therefore, it was naturally 

enriched in macro-nutrients (ammonia, nitrite, 

nitrate and phosphate). 

After acclimation, 50 g (wet mass) of each 

species was placed into an outdoor tank 

containing 50 L seawater, with an algal density 

per tank of 1 g L-1. Five tanks were used in the 

experiment for each species (n = 5). Cultures 

were grown in the same abiotic conditions of 

acclimatization, of 15 days. Temperature and 

light were quantified hourly using data loggers 
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(ONSET/HOBO UA-002-64). Salinity was measured 

with a portable refractometer, to maintain it at 

30 PSU. The concentrations of ammonia, nitrite, 

nitrate and phosphate were measured daily via 

colorimetry. 

After five days, the filtering efficiency of each 

alga was evaluated by the formula of removal 

efficiency (RE), i.e., the capacity of the alga to 

remove nutrients from water: RE = (Initial 

nutrient – final nutrient)/initial nutrient x 100. 

After seven days of cultivation, the biomass 

production was measured by the daily growth 

rate, (DGR) (% day-1) = [(final mass/initial 

mass)1/time of cultivation - 1] x 100 and productivity (P) 

was assessed by the formula: P (g m-2 day-1) = 

[(final mass - initial mass)/(area x cultivation 

time)]; both formulae were used by CASTELAR 

et al. (2014). 

Biotic and abiotic data were tested for 

normality and homogeneity of the variance. Since 

the assumptions of parametric analyses were not 

met, the Kruskal-Wallis test was used to test 

differences in RE, DGR and P between the three 

algal species (ZAR, 1996). Differences between 

species were identified using the post hoc test of 

multiple comparisons of mean ranks for all groups. 

The data are presented as means ± standard 

deviation. The confidence interval for significance 

tests was 95% (P = 0.05) and the Bonferroni 

correction of significance was applied to ensure 

conservativity of analysis when unplanned 

comparisons among means were made. Statistica 

7.0. software from StatSoft Inc. was used for 

analyses. 

RESULTS 

The water temperature and irradiance were 

similar among the tanks of different species 

during the experimental period. The temperature 

varied from 24.2 to 34.9 °C, with a mean of 28.5 

± 2.8 °C and the irradiance varied from 29 to 

1,675 μmol photons m-2 s-1, with a mean of 547 ± 

458 μmol photons m-2 s-1.  

The three species were apparently efficient in 

removing nutrients, mainly nitrogen, from the 

water, but the green algae (Ulva spp.) removed 

nutrients more rapidly than the red alga (G. birdiae). 

After one day of cultivation, 81.9 ± 6.3% of the 

ammonia (NH3) was removed in tanks containing 

Ulva, and by the third day, 89.1 ± 4.7% of the 

nitrate (NO3
–) was removed. After five days of 

cultivation, 98.2 ± 3.7% NH3 (H = 1.1; P = 0.56) 

and 98.4 ± 3.0% NO3
- (H = 2.7; P = 0.25) and 

62.1 ± 0.0% of phosphate (PO4
3-) (H = 0.0; P = 0.90) 

were also removed by the three macroalgae 

(Figure 1). However, the growth performance 

among species was significantly different. The 

mean daily growth rate and mean productivity 

of U. fasciata and G. birdiae (4.5 ± 2.5% day-1; 3.5 ± 

1.9 g m-2 day-1) were superior to those obtained 

for U. flexuosa (-13.6 ± 7.7% day-1; -6.24 ± 2.8 g m-2 

day-1; P<0.01; Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Nutrients concentration (ppm) 

throughout the experimental period (initial, T0, to 

five days of experiment, T5). A = ammonia (NH3); 

B = Nitrite (NO2); C = Nitrate (NO3
-); D = 

Phosphate (PO4
3-).  
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Figure 2. Mean (black squares); standard error (empty rectangles) and standard deviation (bars) of daily 

growth rate (A) and productivity (B) of Gracilaria birdiae, Ulva flexuosa and Ulva fasciata after five days of 

experiment. 

DISCUSSION 

All studied species were apparently efficient 

in removing nutrients from seawater, since after 

five days almost all the dissolved nitrogen was 

removed and the RE values were similar or 

higher than those observed in several other 

studies using macroalgae (Table 1). However, the 

RE data must be interpreted with caution. Some 

studies used control tanks, without macroalgae, 

to discriminate the amount of nutrients absorbed 

by macroalgae from that by other sinks 

(MARINHO-SORIANO et al., 2011; COPERTINO 

et al., 2009). The use of control tanks is 

questionable, because of differences in the 

dynamics between tanks with and without 

macroalgae. In addition to nutrient removal, 

macroalgae change the availability of light, affect 

gas exchange, and produce metabolites, which 

promote changes in pelagic and benthic 

microbiota (CRUZ-SUÁREZ et al., 2010), i.e., the 

micro-community differs between tanks with and 

without macroalgae. Therefore, the nutrient 

removal values observed in tanks without 

macroalgae cannot be simply subtracted from 

those observed in tanks with macroalgae. 

Moreover, growth data complement the RE 

interpretation. Macroalgae are not the exclusive 

sink for nutrient removal in the environment, 

and microalgae, bacteria and the volatilization of 

ammonia are also efficient sinks. Despite of this, 

in commercial aquaculture recycling some 

nutrient in another product is useful. 

Our results agree with the RE results for 

U. fasciata and G. birdiae cultivated with 

Litopenaeus vannamei (RAPOSO et al., 2014) and 

are also similar to those of other studies that 

cultured Ulva spp. in animal effluent and in 

domestic effluents and found that they efficiently 

removed nutrients (NEORI et al., 2003; 

YOKOYAMA and ISHIHI, 2010; OLIVEIRA et al,. 

2012; SODE et al., 2013; BALOO et al., 2014). 

Moreover, the more rapid assimilation of 

ammonia than nitrate confirms the preference of 

Ulva for ammonia, as was shown to be an 

important function in IMTA for U. rigida and 

U. clathrata (= Enteromorpha clathrata) by ANÍBAL 

et al. (2014). 

The reuse of seawater, which reduces 

production costs and improves water quality by 

macroalgae removing nutrients in IMTA, triggers 

a series of environmental benefits that culminate 

in improving the productive performance of 

other organisms in the system. RAPOSO et al. 

(2014) found an increase in the growth of shrimp 

(Litopenaeus vannamei) when cultured together 

with U. fasciata. In addition, seaweeds were more 

efficient than traditional biofilters used in 

bacterial RAS. When U. lactuca was cultured in 

RAS with the paua abalone (Haliostis iris), 

ammonia levels were lower than those observed 

using a bacterial filter (0.03 mg L-¹ vs. 0.10 mg L-1), 

and the nitrate level was undetectable and the pH 

was less variable, whereas the algal biomass 

increased to 50% (CAHILL et al., 2010). 
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Table 1. Maximal values of nutrients (NH3 = ammonia; NO3

– = nitrate; PO4
3- = phosphate) removal 

efficiency (RE; %), daily growth rate (DGR; % day-1) and productivity (P; wet mass; g m-2 day-1) of both Ulva 

and Gracilaria cultivated in different aquaculture systems (IA = indoor aquaria; IMTA = integrated multi-

trophic aquaculture; OT = outdoor tanks; RAS = recirculation aquaculture system) by different authors. 

Species System Nutrient ER DGR P References 

Ulva fasciata OT 
NH3 
NO3– 
PO43- 

100 
100 
62.1 

8.4 6.4 Present study 

Gracilaria birdiae OT 
NH3 
NO3– 
PO43- 

100 
99.2 
62.1 

5.2 5.1 Present study 

Ulva lactuca OT NH3 85.0 ND 194* 
VANDERMEULEN and 
GORDIM, 1990 

Gracilaria birdiae IA 
NH3 
NO3– 

PO43- 

34.0 
100 
93.5 

3.6 3.7 
MARINHO- 
SORIANO et al., 2009  

Ulva lactuca IMTA + fish 
NH3 
NO3– 

93.2 
24.0 

10.6 267.4 AL-HAFEDH et al., 2014 

Gracilaria caudata OT + Artemia 
NH3 

NO3– 
PO43- 

30.0 
70.0 
NE 

ND ND 
MARINHO-SORIANO et al., 
2011 

Ulva lactuca IA 
NH3 
NO3– 
PO43- 

28.8 
28.8 
41.4 

34.4 ND NIELSEN et al., 2012 

Ulva lactuca 
Gracilaria edulis 

RAS + shrimp NH3 
40 
70 

4.7 
4.3 

ND BALOO et al., 2014 

Gracilaria chilensis 
 

IMTA + abalone 
 

NH3 
NO3– 
PO43- 

100* 
73.3* 
63.1* 

ND ND 
MACCHIAVELLO and 
BULBOA, 2014 

Ulva lactuca IMTA + abalone 
NH3 
NO3– 
PO43- 

100* 
80.8* 
73.3* 

2.6 73.6 
MACCHIAVELLO and 
BULBOA, 2014 

Ulva fasciata 
Gracilaria birdiae 

IMTA + shrimp NO3– 
97 
94 

0.2 
1.1 

ND RAPOSO et al., 2014 

*Calculated data based on cited study; ND – no data 

Although U. fasciata and G. birdiae showed 

lower DGR and P values than those observed in 

other studies, the productive performance of these 

species can be considered satisfactory, since they 

lead to an estimated mean production potential of 

12 t ha-1 year-1. Furthermore, considering the use 

of biomass in the market of high-value bioactive 

products (KUMAR et al., 2008; YOKOYAMA 

and ISHIHI, 2010; ALMEIDA et al., 2011), the 

cultivation of seaweeds in IMTA becomes even 

more economically interesting. 

Ulva fasciata and G. birdiae continued to grow, 

even though the temperature was higher than 30 °C 

for 31% of the experimental period. YOKOYAMA 

and ISHIHI (2010) stated that biofilters adapted to 

high temperatures are necessary to remove the 

increased amount of nutrients discharged from 

fish farms during the warm season, when the 

feeding activity of fish increases, especially 

tropical fish (BEAMISH, 1981). Also, Ulva and 

Gracilaria species are widely distributed along the 

Brazilian coast (MOURA, 2010; PLASTINO and 
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OLIVEIRA, 2002) and grow in the intertidal 

(KOEMAN, 1985; PLASTINO and OLIVEIRA, 

2002), indicating their ability to tolerate wide 

ranges of irradiance, temperature, salinity and 

even desiccation. 

The low daily growth rate, low productivity 

and high nutrient removal observed in U. flexuosa 

tanks were attributed to microalgal contamination 

(Penales, Bacillariophyta), since a rapid biomass 

loss was observed following the covering of the 

thallus early during the experiment. In contrast, 

CASTELAR et al. (2014) reported high growth 

rates and productivity for this species in the 

same outdoor system, suggesting the potential of 

U. flexuosa cultivation.  

CONCLUSION 

Ulva fasciata and G. birdiae cultivated in 

outdoor tanks remove nutrient from seawater 

with a high efficiency and show satisfactory 

growth even in high thermal conditions, and can 

therefore act as a biofilter for the release of 

nutrients by fish. These species are suitable for 

RAS and IMTA to improve water quality and 

generate biomass. Methods to control the 

contamination of U. flexuosa cultures by microalgae 

must be investigated, since the feasibility of this 

species was previously reported. 
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