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CULTIVATION OF THE SEAWEED Ulva spp. WITH 
EFFLUENT FROM A SHRIMP BIOFLOC REARING SYSTEM: 

DIFFERENT SPECIES AND STOCKING DENSITY*

ABSTRACT
This work evaluated the use of effluent from a marine shrimp biofloc rearing system to cultivate two 
species of the green seaweed of the genus Ulva. First, the growth of two Ulva species, U. ohnoi and 
U. fasciata, was evaluated. Second, the best-performing species was cultivated under two different 
stocking densities (2 g L-1 and 4 g L-1) to evaluate both growth and nutrient uptake rates, considering 
total ammonia nitrogen, nitrate, and orthophosphate. In both cases, environmental variables were 
monitored, and the cultivation medium, consisting of 25% biofloc water and 75% seawater, was 
exchanged weekly. Ulva ohnoi grew significantly better, considering all variables evaluated (p <0.05). 
The smaller stocking density produced a higher specific growth rate (p <0.05). Yield, however, 
was unaffected (p ≥0.05). No significant differences in the nutrient uptake rates were observed 
(p ≥0.05). Overall, this work highlights the importance of species selection for seaweed destined for 
aquaculture. Additionally, it also optimizes the cultivation of seaweeds, specifically U. ohnoi, using 
effluent from biofloc systems.
Keywords: BFT; biomitigation; growth performance; Litopenaeus vannamei; macroalgae; water 
quality.

CULTIVO DA MACROALGA Ulva spp. COM EFLUENTE DE CRIAÇÃO DE 
CAMARÃO MARINHO EM BIOFLOCOS: DIFERENTES ESPÉCIES E DENSIDADE 

DE ESTOCAGEM

RESUMO
Este trabalho avaliou o uso de água de um cultivo de camarão marinho em bioflocos como 
fertilizante no cultivo de Ulva. Inicialmente, o crescimento de duas espécies de Ulva, U. ohnoi 
e U. fasciata, foram avaliados. Subsequentemente, a alga com melhor desempenho foi cultivada 
sob duas densidades de estocagem (2 g L-1 e 4 g L-1), e o crescimento e a absorção de nutrientes 
(nitrogênio amoniacal total, nitrato e ortofosfato) foram avaliados. Em ambos os casos, variáveis 
ambientais foram monitoradas e o biofloco na concentração de 25% foi trocado semanalmente. 
Ulva ohnoi apresentou um crescimento significativamente melhor para todas as variáveis 
consideradas (p <0,05). A menor densidade de estocagem produziu uma taxa de crescimento 
específico significativamente maior (p <0,05), embora a produtividade não tenha sido afetada 
(p ≥0,05). Diferenças significativas na absorção de nutrientes também não foram observadas 
(p ≥0,05). No geral, este trabalho destaca a importância da seleção de espécies de macroalgas 
destinadas à aquicultura. Além disso, otimiza a viabilidade de se cultivar macroalgas utilizando 
água de sistemas de bioflocos.
Palavras-chave: alga marinha; BFT; biomitigação; desempenho produtivo; Litopenaeus vannamei; 
qualidade da água.

INTRODUCTION

Biofloc technology is an aquaculture technique that has been successfully applied 
in the rearing of many species, such as the marine shrimp Litopenaeus vannamei and 
the tilapia Oreochromis niloticus (Dauda, 2019). This kind of technology shows many 
advantages, such as reduced water and land area usage (Avnimelech et al., 2008), 
successful control of toxic nitrogenous wastes under intensive rearing conditions 
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(Avnimelech, 2015), and recycling of non-assimilated nutrients 
into microbial biomass that can be used as a supplemental food 
source (Burford et al., 2004; Avnimelech, 2007). However, 
particulate matter and dissolved substances still accumulate in the 
rearing unit and have to be controlled. This fact raises concerns 
in an age of environmentally conscious consumers, producers, 
and legislators.

The excess of particulate matter generated in biofloc systems 
can be harnessed by underfed fish (Poli et al., 2019), while 
seaweeds could be used to take advantage of the excess dissolved 
inorganic nutrients (Chopin et al., 2008). Seaweeds already 
have huge economic relevance, their worldwide production 
volume being approximately 32.4 million tonnes, of which 
97.1% is provided by aquaculture (FAO, 2020). Specimens of 
the genus Ulva, for instance, can be cultivated for human and 
aquatic animal consumption (Fleurence et al., 2012), or for 
the extraction of biologically active substances, such as ulvan 
(Silva et al., 2013). Earlier works evaluating their cultivation in 
a biofloc system environment, or employing biofloc-rich water 
as fertilizer, are scarce, and some are not focused on assessing 
the production performance of the macroalgae per se (Brito et al., 
2014; Peña-Rodríguez et al., 2016).

Taking into account the potential of seaweeds, in general, 
and Ulva, in particular, to take advantage of excess dissolved 
inorganic nutrients generated in biofloc systems, as well as their 
economic relevance, this work aimed to evaluate two aspects 
of Ulva cultivation using water from a shrimp biofloc rearing 
system as fertilizer. First, we assessed the growth of two different 
species of Ulva, U. fasciata and U. ohnoi, collected from sea 
and lagoon, respectively, in the city of Florianópolis, SC, Brazil. 
Next, the best-performing seaweed was submitted to another 
experiment to assess its cultivation under two stocking densities 
(2 g L-1 and 4 g L-1), in which both the productivity and nutrient 
uptake rates were assessed. In both cases, environmental variables 
were also monitored.

MATERIAL AND METHODS

The two experiments were conducted at the Marine Shrimp 
Laboratory (LCM), which is part of the Department of Aquaculture 
of the Federal University of Santa Catarina (UFSC).

Seaweed from different locations
Ulva fasciata was collected from Prainha da Barra da Lagoa 

(approx. 27°34’26.2”S, 48°25’15.1”W), while U. ohnoi was 
collected from a set of brackish water lagoons near LCM (approx. 
27°34’57.2”S, 48°26’32.4”W). They were rinsed with water of 
suitable salinities (33 g L-1 seawater in the case of the former 
and 25 g L-1 brackish water for the latter) to remove associated 
fauna, flora and detritus, followed by stocking in 800 L tanks 
(useful volume) filled with the respective salinities for acclimation 
inside a greenhouse under natural irradiance. Daily, the water was 
renewed, and the salinity of the brackish water unit was adjusted 
to 33 g L-1 at the rate of 1 g L-1 per day. The tanks were equipped 

with 800 W heaters, and the temperature was adjusted to 25°C 
at the rate of 1°C per day.

Both species were evaluated in an experiment conducted in a 
completely randomized design in triplicate, lasting from 4 June 
2019 to 25 June 2019. Experimental units consisted of U-shaped 
tanks with 60 L of useful volume for the macroalgae culture, 
equipped with 100 W heaters to maintain temperature at 25°C and 
two air stones connected to a blower aeration system to maintain 
water circulation and adequate dissolved oxygen concentrations 
at night. The units were placed inside a greenhouse under natural 
irradiance. During the experimental period, the approximate average 
daily sunlight duration was 10.4 ± 0.0 h, based on data obtained 
through the National Oceanic and Atmospheric Administration 
(NOAA) Solar Calculator (https://www.esrl.noaa.gov/gmd/grad/
solcalc/calcdetails.html).

Initially, 15 L of water (salinity 34.5 ± 1.5 g L-1) from a 
shrimp biofloc rearing unit was filtered through a bag- type 
filter and mixed with 45 L of seawater (salinity 33 g L-1) in each 
of the 60 L tanks for a final salinity of approximately 33 g L-1. 
The seaweeds (199.57 ± 8.30 g) were then stocked and cultivated 
under a density of 3.3 g L-1. Weekly, tank water was discarded, 
and the same dilution procedure was performed. During this 
weekly procedure, biofilm present on the tanks was removed and 
the algae were also screened for adhered organisms.

Water temperature, dissolved oxygen concentration and illuminance 
were measured twice daily using an oximeter (YSI Pro20) and a 
digital luxmeter (Hikari HLX-881A). The values of illuminance 
(lux) were then converted to quantum irradiance (µmol photons 
m-2 s-1) by multiplying them by 0.018 (Gensler, 1986).

Total ammonia nitrogen (TAN) (Grasshoff et al., 1983), 
nitrite (NO2

-) (Strickland and Parsons, 1972), nitrate (NO3
-) (APHA, 

2005), orthophosphate (PO4
3-) (APHA, 2005), alkalinity (APHA, 

2005), pH (pHmetro Tecnal) and salinity (Eco-Sense YSI EC30) 
were measured once a week. The water samples were collected 
immediately after the weekly biofloc dilutions.

Macroalgae were weighed weekly until harvest after gently 
squeezing to remove excess water. Growth performance was 
assessed through the following variables:
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where Wt and W0 are the final and initial weights, respectively, 
t is the experimental period in days, and V is the unit volume 
in m3. The specific growth rate was calculated according to 
Yong et al. (2013).

Different algae densities
Ulva ohnoi specimens were collected again from a set of small 

lagoons near LCM, rinsed with brackish water to remove associated 
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fauna, flora and detritus, and stocked in 800 L tanks (useful 
volume) in an acclimation room under a 12/12 h photoperiod. 
Daily, the water was renewed, and salinity was gradually raised 
from 25 g L-1 to 33 g L-1 at the rate of 1 g L-1. The tanks were 
equipped with 800 W heaters to allow an increase in temperature 
to 28.5°C at the rate of 1°C per day.

Two densities (2 g L-1 and 4 g L-1) of U. ohnoi were evaluated 
in an experiment conducted in a completely randomized design in 
quadruplicate, which took place between 26 September 2019 and 
16 October 2019 (Figure 1). Experimental units were the same as 
those employed in the aforementioned experiment. The average 
sunlight duration during the experimental period was 12.5 ± 0.2 h, 
based on data obtained through the NOAA Solar Calculator.

Initial seaweed biomass was 120.38 ± 0.24 g and 240.85 ± 0.34 g 
for the 2 g L-1 and 4 g L-1 treatments, respectively. They were 
stocked in the 60 L tanks after an initial dilution. The first and 
then weekly dilutions were performed as in the first experiment.

Environmental variables were monitored as in the first experiment, 
the difference being the addition of total suspended solids (TSS) 
(APHA, 2005), which were evaluated weekly. Algae growth was 
assessed as in the first experiment.

In addition to the water samples collected right after the dilution, 
water samples were also collected right before the new dilution for 
the analysis of TAN (Grasshoff et al., 1983), nitrate (APHA, 2005) 

and orthophosphate (APHA, 2005). The results of these analyses 
were not used in the environmental monitoring tables, as they 
reflected conditions already affected by the different treatments. 
Instead, they were used for the result of nutrient uptake rates.

Statistical Analysis
All data were submitted to Shapiro-Wilk and Levene tests to 

assess normality and homoscedasticity, respectively. Percentage 
data were arcsine transformed before the normality assessment. 
When both assumptions were met, the Student´s t-test was 
employed. When the equality of variances assumption was not 
met, the Welch’s t-test was performed. Otherwise, if the normality 
assumption was not met, the non-parametric Mann-Whitney 
U-test was used (Zar, 2010). Results were considered statistically 
significant when p <0.05. Data analysis was performed using 
jamovi software (Version 1.0) (Jamovi, 2019).

RESULTS

Significant differences for the environmental variables evaluated 
were observed only for pH in the first experiment and temperature 
for the second one, with the higher values being observed in the 
U. ohnoi and 2 g L-1 groups, respectively (Table 1). Regarding the 
growth performance, U. fasciata exhibited a decrease in biomass, 
resulting in a significant lower final biomass when compared to 
U. ohnoi (Table 2). In the assessment of the two stocking densities 
of U. ohnoi, statistically significant differences were observed 
for final biomass and specific growth rate, in which the higher 
value occurred for algae cultivated in the 4 g L-1 and 2 g L-1, 
respectively (Table 2). Finally, no significant differences for the 
nutrient uptake rates were found (Table 3).

DISCUSSION

In the first experiment, both species were subjected to similar 
environmental conditions, as demonstrated by the lack of statistical 
significance. The pH value was the exception, albeit the difference 
was numerically small. For the second experiment, a significant 
difference was observed, but only for temperature, which was 
again a numerically small difference. When comparing the two 
experiments, the rise in temperature observed in the second one 
was due to higher air temperatures and longer sunlight duration 
occurring in the months of September and October compared to 
June. As regards the differences in the concentrations of nutrients, 
they were a result of variations in the water quality of the biofloc 
shrimp tanks from which the water was collected. It is difficult to 
discuss potential differences in the growth performance of U. ohnoi 
when comparing the two experiments due to these variations and 
to the different stocking densities employed. Possible effects 
of nutrient concentrations and water temperature on its culture 
should merit specific studies.

In the literature, water quality values within the range observed 
in this study for the cultivation of Ulva species were reported 
for dissolved oxygen, temperature, pH and salinity (Khoi and 

Figure 1. Experimental design used for the evaluation of two 
stocking densities of Ulva ohnoi (2 and 4 g L-1) using effluent 
from a biofloc shrimp rearing unit.
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Fotedar, 2011; Mantri et al., 2011; Zou, 2014; Ge et al., 2018), as 
well as irradiance (Fortes and Lüning, 1980; Sand-Jensen, 1988; 
Ruangchuay et al., 2012). The concentrations of TAN, nitrite, 
nitrate, and orthophosphate were also within the range found in 
other studies (Khoi and Fotedar, 2011; Ge et al., 2018). Alkalinity 
remained above 100 mg L-1, which is recommended to improve 
the availability of inorganic carbon for algae (Oca et al., 2019).

When comparing the growth of the two species, U. ohnoi 
showed significantly higher values for all variables evaluated. 
These results are in agreement with previous assays performed 
in our laboratory in which U. fasciata collected from the sea did 

not grow well when cultured using the same methodology as 
described in the Material and Methods of this work for the first 
experiment (Unpublished data). In fact, a decrease in algae biomass 
was observed, similar to the case of the present study. Perhaps 
seaweeds growing in the lagoon were more adapted to culture 
conditions. For instance, growing under different environmental 
conditions in their natural habitats, such as stagnant water, 
as opposed to the wave-exposed algae collected at the beach, 
could have been the cause of the impaired growth. In fact, even 
intraspecific morphological variation is observed for wild algae 
populations subjected to different environmental conditions, such 
as wave exposure (Bociąg et al., 2013). Different morphologies 
can then affect nutrient uptake rates (e.g., Raven and Taylor, 
2003). We also noted that, in the experimental units, U. ohnoi 
remained closer to the water surface than U. fasciata. Considering 
that light intensity is attenuated as water depth increases, that fact 
may have played a role in the differing performances. Another 
explanation could be related to the water temperatures to which 
each species was adapted. It is known that this environmental 
variable affects the growth rate of seaweeds, with different species 
exhibiting different optimal temperatures for maximum growth 
(Mantri et al., 2011; Nakamura et al., 2020). U. ohnoi colleted 
in the lagoons could have been more adapted to the warmer 

Table 1. Environmental variables monitored throughout the two three-week experiments evaluating algae species (Ulva fasciata and 
Ulva ohnoi) and algae density in the culture of U. ohnoi when employing water from a biofloc system as fertilizer.

Variables Seaweed species p-value Densities (U. ohnoi) p-valueU. fasciata U. ohnoi 2 g L-1 4 g L-1

Dissolved oxygen (mg L-1) 6.71±0.60 6.73±0.62 0.831 5.88±0.48 5.92±0.54 0.559†
Temperature (°C) 23.8±3.0 24.0±3.1 0.539† 30.3±1.4 29.9±1.4* 0.005†
Photon irradiance (µmol 
photons m-2 s-1) 58.5±44.8 92.0±90.7 0.103† 85.7±73.4 83.7±70.4 0.818†

TAN (mg L-1) 0.20±0.17 0.22±0.18 0.691† 0.10±0.23 0.13±0.13 0.182†
NO2

- (mg L-1) 0.12±0.12 0.07±0.05 0.243‡ 0.08±0.04 0.06±0.05 0.200†
NO3

- (mg L-1) 3.4±1.0 2.2±1.2 0.257 7.56±1.83 6.33±1.37 0.148
PO4

3- (mg L-1) 1.06±0.08 0.87±0.18 0.168 0.27±0.04 0.24±0.03 0.080†
pH 8.20±0.03 8.26±0.05* 0.035 8.64±0.21 8.54±1.46 0.057†
Alkalinity (mg CaCO3 L

-1) 159±9 166±18 0.329‡ 125±15 127±16 0.620†
Salinity (g L-1) 34.3±0.5 34.4±0.3 0.267† 34.0±0.2 34.1±0.3 0.341
TSS (mg L-1) - - - 173±46 155±38 0.194†

Data presented as mean ± standard deviation. *Statistically significant. ‡Welch’s t-test. †Mann-Witney U-test. When symbol absent, Student’s t-test. TAN: Total ammonia 
nitrogen. TSS: Total suspended solids.

Table 2. Growth performance variables assessed throughout the two three-week experiments evaluating algae species (Ulva fasciata 
and Ulva ohnoi) and algae density in the culture of Ulva ohnoi when employing water from a biofloc system as fertilizer.

Variable Seaweed species p-value Densities (U. ohnoi) p-valueU. fasciata U. ohnoi 2 g L-1 4 g L-1

Final biomass (g) 189.0±74.6 379.6±51.7* 0.022 301.9±24.8 378.8±53.0* 0.039
Biomass gain (g) -† 182.5±50.3 - 181.5±24.9 137.9±53.1 0.188
SGR (%day-1) -† 3.0±0.6 - 4.3±0.4 2.7±0.7* 0.006
Yield (g m-3 day-1) -† 138.3±38.1 - 137.5±18.8 104.5±40.2 0.188

Data presented as mean ± standard deviation. *Statistically significant. Student´s t-test used in all instances. SGR: Specific Growth Rate. †There was no growth, no 
biomass gain and no yield.

Table 3. Nutrient uptake rates assessed in a three-week experiment 
evaluating algae density in the culture of Ulva ohnoi when 
employing water from a biofloc system as fertilizer.

Variables 2 g L-1 4 g L-1 p-value
TAN uptake efficiency (%) 77.71±26.89 83.79±16.26 0.712
NO3

- uptake efficiency (%) 58.40±10.97 44.64±18.81 0.253
PO4

3- uptake efficiency (%) 96.78±1.64 94.54±2.10 0.145
Data presented as mean ± standard deviation. Student’s t-test used in all instances. 
TAN: Total ammonia nitrogen.
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water temperatures occurring in the greenhouse, in contrast to 
U. fasciata collected from the sea.

In the second experiment, the final biomass was significantly 
higher in the stocking density of 4 g L-1 of U. ohnoi; however, 
the specific growth rate was significantly higher in the lower 
stocking density. This could be explained either by lack of 
nutrients or by self-shading. However, no significant differences 
between treatments were observed for the initial concentration 
of nutrients, or the nutrient uptake rates. Alkalinity, an indicator 
of inorganic carbon availability, was also statistically equal 
among treatments. Therefore, a more likely explanation is that 
of self-shading caused by excessive algae biomass, which could 
have been caused by the type of aeration system employed, which 
did not promote an adequate circulation of the algae in the water 
column. This phenomenon of decreasing growth performance as 
algae stocking density increases is often observed in the literature 
For instance, there was a significant decrease in the growth rate 
of Gracilaria tikvahiae when its stocking density increased from 
0.5 g L-1 to 10 g L-1 (Kim and Yarish, 2014). In another study, 
the algae Agarophyton vermiculophyllum exhibited a significant 
decrease in its specific growth rate when the stocking density 
increased from 0.2 g L-1 to 2 g L-1 (Shin et al., 2020). In the case of 
yield, no significant differences were observed. Still, this suggests 
that a lower stocking density of algal biomass is to be preferred, 
considering that similar yields are obtained with fewer inputs.

The growth results of both experiments were altogether 
consistent with data reported for Ulva spp., namely U. fasciata 
(Mantri et al., 2011), U. lactuca (Khoi and Fotedar, 2011), 
U. reticulata (Msuya et al., 2006; Msuya, 2007) and U. ohnoi 
(Lawton et al., 2013).

Considering that no significant differences were observed in the 
nutrient uptake rates when comparing the two densities, future 
studies could assess if higher concentrations of biofloc effluent 
could produce different results, having in mind that probable higher 
water turbidities could compromise the growth performance and 
yield of the macroalgae.

Overall, the results obtained in this work add to previous results 
showing the feasibility of using water from biofloc rearing units as 
a fertilizer for the culture of macroalgae, in general (Pedra et al., 
2017; Shin et al., 2020), and Ulva, in particular (Ge et al., 2018).

CONCLUSION

When comparing the two algae species, we found that U. ohnoi 
performed significantly better than U. fasciata when cultured using 
effluent from a biofloc shrimp tank. Furthermore, in the assessment 
of different stocking densities of U. ohnoi (2 and 4 g L-1), the 
lower one proved to be more efficient as a significantly higher 
specific growth rate was achieved. Also, U. ohoni has a high 
capacity to retain the nutrients from the biofloc water. This work 
highlights the importance of species selection for wild macroalgae 
destined for aquaculture, as growth performance can vary greatly 
from one species to another. In addition, it also optimizes the 
cultivation of seaweeds and, specifically U. ohnoi, using water 
from biofloc systems.

ACKNOWLEDGEMENTS

This research is part of the Aquavitae project (Horizon 2020, 
grant number 818173) and FAPESC (2020TR728). The Conselho 
Nacional de Desenvolvimento Científico e Tecnológico (CNPq) 
granted a scholarship to the first author (119737/2017-5) and research 
fellowships to Felipe do Nascimento Vieira (305357/2017-4) and 
Leila Hayashi (308631/2017-0). This work was also suported 
by the Coordenação de Aperfeiçoamento de Pessoal de Nível 
Superior - Brasil (CAPES) - Finance Code 001.

REFERENCES

APHA – American Public Health Association, Water Works Association, Water 
Environment Federation. 2005. Standard methods for the examination 
of water and wastewater. 21st ed. Washington, DC: APHA. 1100p.

Avnimelech, Y. 2007. Feeding with microbial flocs by tilapia in minimal 
discharge bio-flocs technology ponds. Aquaculture (Amsterdam, 
Netherlands), 264(1-4): 140-147. http://dx.doi.org/10.1016/j.
aquaculture.2006.11.025.

Avnimelech, Y. 2015. Biofloc technology - a practical guidebook. 3rd ed. 
Baton Rouge: The World Aquaculture Society. 258p.

Avnimelech, Y.; Verdegem, M.C.J.; Kurup, M.; Keshavanath, P. 2008. 
Sustainable land-based aquaculture: rational utilization of water, land 
and feed resources. Mediterranean Aquaculture Journal, 1(1): 45-55. 
http://dx.doi.org/10.21608/maj.2008.2663.

Bociąg, K.; Robionek, A.; Rekowska, E.; Banaś, K. 2013. Effect of 
hydrodynamic disturbances on the biomass and architecture of the 
freshwater macroalga Chara globularis Thuill. Acta Botanica Gallica, 
160(2): 149-156. http://dx.doi.org/10.1080/12538078.2013.822826.

Brito, L.O.; Arantes, R.; Magnotti, C.; Derner, R.; Pchara, F.; Olivera, A.; 
Vinatea, L. 2014. Water quality and growth of Pacific White shrimp 
Litopenaeus vannamei (Boone) in co-culture with green seaweed Ulva 
lactuca (Linaeus) in intensive system. Aquaculture International, 22: 
497-508. http://dx.doi.org/10.1007/s10499-013-9659-0.

Burford, M.A.; Thompson, P.J.; McIntosh, R.P.; Bauman, R.H.; Pearson, 
D.C. 2004. The contribution of flocculated material to shrimp 
(Litopenaeus vannamei) nutrition in a high-intensity, zero-exchange 
system. Aquaculture (Amsterdam, Netherlands), 232(1-4): 525-537. 
http://dx.doi.org/10.1016/S0044-8486(03)00541-6.

Chopin, T.; Robinson, S.M.C.; Troell, M.; Neori, A.; Buschmann, A.H.; Fang, 
J. 2008. Multitrophic integration for sustainable marine aquaculture. In: 
Jørgensen, S.E.; Fath, B.D. (Eds.). Encyclopedia of ecology. Oxford: 
Elsevier. v. 3, pp.2463-2475

Dauda, A.B. 2019. Biofloc technology: a review on the microbial interactions, 
operational parameters and implications to disease and health 
management of cultured aquatic animals. Reviews in Aquaculture, 
12(2): 1193-1210. http://dx.doi.org/10.1111/raq.12379.

FAO – Food and Agriculture Organization of the United Nations. 2020. State 
of world fisheries and aquaculture. Rome: FAO. 206p.

http://dx.doi.org/10.1016/S0044-8486(03)00541-6


Martins et al.  Bol. Inst. Pesca 2020, 46(3): e602. DOI: 10.20950/1678-2305.2020.46.3.602 6/6

CULTIVATION OF THE SEAWEED Ulva spp....

Fleurence, J.; Morançais, M.; Dumay, J.; Decottignies, P.; Turpin, V.; Munier, 
M.; Garcia-Bueno, N.; Jaouen, P. 2012. What are the prospects for 
using seaweed in human nutrition and for marine animals raised 
through aquaculture? Trends in Food Science & Technology, 27(1): 
57-61. http://dx.doi.org/10.1016/j.tifs.2012.03.004.

Fortes, M.D.; Lüning, K. 1980. Growth rates of North Sea macroalgae in 
relation to temperature, irradiance and photoperiod. Helgoländer 
Meeresuntersuchungen, 34: 15-29. http://dx.doi.org/10.1007/BF01983538.

Ge, H.; Ni, Q.; Li, J.; Chen, Z.; Zhao, F. 2018. Integration of white shrimp 
(Litopenaeus vannamei) and green seaweed (Ulva prolifera) in minimum-
water exchange aquaculture system. Journal of Applied Phycology, 
31: 1425-1432. http://dx.doi.org/10.1007/s10811-018-1601-4.

Gensler, W.G. 1986. Advanced agricultural instrumentation: design and use. 
Dordrecht: Martinus Nijhoff Publishers. 480p.

Grasshoff, K.; Ehrhardt, M.; Kremling, K. 1983. Methods of seawater analysis. 
2nd ed. New York: Verlag Chemie Weinhein. 419p.

Jamovi. 2019. The Jamovi Project. Version 1.1 [online] URL: <https://www.
jamovi.org/>

Khoi, L.V.; Fotedar, R. 2011. Integration of western king prawn (Penaeus 
latisulcatus Kishnouye, 1896) and green seaweed (Ulva lactuca 
Linnaeus, 1753) in a closed recirculating aquaculture system. 
Aquaculture (Amsterdam, Netherlands), 322-323: 201-209. http://
dx.doi.org/10.1016/j.aquaculture.2011.09.030.

Kim, J.K.; Yarish, C. 2014. Development of a sustainable land-based Gracilaria 
cultivation system. Algae - Korean Phycological Society, 29(3): 217-
225. http://dx.doi.org/10.4490/algae.2014.29.3.217.

Lawton, R.J.; Mata, L.; Nys, R.; Paul, N.A. 2013. Algal bioremediation 
of waste Waters from land-based aquaculture using Ulva: selecting 
target species and strains. PLoS One, 15(3): e0231281. http://dx.doi.
org/10.1371/journal.pone.0231281.

Mantri, V.A.; Singh, R.P.; Bijo, A.J.; Kumari, P.; Reddy, C.R.K.; Jha, B. 
2011. Differential response of varying salinity and temperature on 
zoospore induction, regeneration and daily growth rate in Ulva fasciata 
(Chlorophyta, Ulvales). Journal of Applied Phycology, 23: 243-250. 
http://dx.doi.org/10.1007/s10811-010-9544-4.

Msuya, F. 2007. The effect of stocking density on the performance of the 
seaweed Ulva reticulata as a biofilter in earthen pond channels, 
Zanzibar, Tanzania. Western Indian Ocean Journal of Marine Science, 
6(1): 65-72. http://dx.doi.org/10.4314/wiojms.v6i1.48227.

Msuya, F.E.; Kyewalyanga, M.S.; Salum, D. 2006. The performance of the 
seaweed Ulva reticulata as a biofilter in a low-tech, low-cost, gravity 
generated water flow regime in Zanzibar, Tanzania. Aquaculture 
(Amsterdam, Netherlands), 254(1-4): 284-292. http://dx.doi.org/10.1016/j.
aquaculture.2005.10.044.

Nakamura, M.; Kumagai, N.H.; Tamaoki, M.; Arita, K.; Ishii, Y.; Nakajima, 
N.; Yabe, T. 2020. Photosynthesis and growth of Ulva ohnoi and 
Ulva pertusa (Ulvophyceae) under high light and high temperature 
conditions, and implications for green tide in Japan. Phycological 
Research, 68(2): 152-160. http://dx.doi.org/10.1111/pre.12410.

Oca, J.; Cremades, J.; Jiménez, P.; Pintado, J.; Masaló, I. 2019. Culture of the 
seaweed Ulva ohnoi integrated in a Solea senegalensis recirculating 
system: influence of light and biomass stocking density on macroalgae 
productivity. Journal of Applied Phycology, 31: 2461-2467. http://
dx.doi.org/10.1007/s10811-019-01767-z.

Pedra, A.G.L.M.; Ramlov, F.; Maraschin, M.; Hayashi, L. 2017. Cultivation 
of the red seaweed Kappaphycus alvarezii with effluents from shrimp 
cultivation and brown seaweed extract: effects on growth and secondary 
metabolism. Aquaculture (Amsterdam, Netherlands), 479: 297-303. 
http://dx.doi.org/10.1016/j.aquaculture.2017.06.005.

Peña-Rodríguez, A.; Magallón-Barajas, F.J.; Cruz-Suárez, L.E.; Elizondo-
González, R.; Moll, B. 2016. Effects of stocking density on the 
performance of brown shrimp Farfantepenaeus californiensis co-culture 
with the green seaweed Ulva clathrate. Aquaculture Research, 48(6): 
1-9. http://dx.doi.org/10.1111/are.13114.

Poli, M.A.; Legarda, E.C.; Lorenzo, M.A.; Martins, M.A.; Vieira, F.N. 2019. 
Pacific white shrimp and Nile tilapia integrated in a biofloc system under 
different fish-stocking densities. Aquaculture (Amsterdam, Netherlands), 
498: 83-89. http://dx.doi.org/10.1016/j.aquaculture.2018.08.045.

Raven, J.; Taylor, R. 2003. Macroalgal growth in nutrient-enriched estuaries: 
a biogeochemical and evolutionary perspective. Water Air and Soil 
Pollution Focus, 3: 7-26. http://dx.doi.org/10.1023/A:1022167722654.

Ruangchuay, R.; Dahamat, S.; Chirapat, A.; Notoya, M. 2012. Effects of 
culture conditions on the growth and reproduction of gut weed, Ulva 
intestinalis Linnaeus (Ulvales, Chlorophyta). Songklanakarin Journal 
of Science and Technology, 34(5): 501-507.

Sand-Jensen, K. 1988. Minimum light requirements for growth in Ulva 
lactuca. Marine Ecology Progress Series, 50: 187-193.

Shin, S.K.; Kim, S.K.; Kim, J.H.; Han, T.; Yarish, C.; Kim, J. 2020. Effects 
of stocking density on the productivity and nutrient removal of 
Agarophyton vermiculophyllum in Paralichthys olivaceus biofloc 
effluent. Journal of Applied Phycology, 32: 2605-2614. http://dx.doi.
org/10.1007/s10811-019-02014-1.

Silva, M.; Vieira, L.; Almeida, A.P.; Kijjoa, A. 2013. The marine macroalgae 
of the genus Ulva: chemistry, biological activities and potential 
applications. Journal of Oceanography and Marine Research, 1(1): 
1-6. http://dx.doi.org/10.4172/2332-2632.1000101.

Strickland, J.D.H.; Parsons, T.R. 1972. A practical handbook of seawater 
analysis 2nd ed. Ottawa: Fisheries Research Board of Canada. 310p.

Yong, Y.S.; Yong, W.T.L.; Anton, A. 2013. Analysis of formulae for determination 
of seaweed growth rate. Journal of Applied Phycology, 25: 1831-1834. 
http://dx.doi.org/10.1007/s10811-013-0022-7.

Zar, J.H. 2010. Biostatistical analysis. 5th ed. New Jersey: Prentice Hall. 944p.

Zou, D. 2014. The effects of severe carbon limitation on the green seaweed, 
Ulva conglobate (Chlorophyta). Journal of Applied Phycology, 26: 
2417-2424. http://dx.doi.org/10.1007/s10811-014-0268-8.

http://dx.doi.org/10.1007/s10811-014-0268-8

