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Abstract

Wastewater generated from hybrid grouper culture needs to be managed to im-
prove water quality before being recirculated or discharged in the aquatic envi-
ronment. Seaweed biofilter has been proposed in wastewater treatment technology
for marine fish farming. This study aimed at comparing which of these species
i.e. Ulva sp., Sargassum sp., Gelidium sp., and Dictyota sp. work best to absorb
nutrient wastewater hybrid grouper culture. This research utilized these seaweed
as treatments and controls with three replications using Completely Randomized
Design. A statistical analysis was conducted to investigate the significant differ-
ences in the nutrient absorptions among various seaweed species by using ANO-
VA and least significant difference. Non-parametric tests namely Kruskal-Walis,
Mann-Whitney, and t-test were used with confidence interval of 95%. The re-
sults revealed that Ulva sp. has the best ability to reduce the nitrogen by 80%,
while Dictyota sp. able to reduce phosphate generated from wastewater of hybrid
grouper culture by 88%. While the highest absorbtion of Total Kjeldahl nitrogen
(104%) and phosphate (182%) that were stored in thallus were performed by Ulva
sp.. Ulva sp. had the best performance and highest growth rate (1.9% d') as bio-
filter in hybrid grouper cultivation than other species. Ulva sp. has great potential
as a commodity to be used in the Integrated Multi Trophic Aquaculture (IMTA)
system for aquaculture sustainability.
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1. Introduction

The global demand for animal-based protein,
especially fish, is growing. According to FAO (2020)
the global fish consumption reached 156 million tonnes
in 2018. The technology in fish farming and aquacul-
ture has been accelerated to meet the demand of protein
food. In Indonesia, grouper, one of the highly demanded
fish, has become one of the most important fish products
and one of the most traded commodities in the South
East Asia. Grouper farming is considered more sustain-
able compared to the wild catch system as it reduces the
overfishing of wild grouper. According to Ministry of
Maritime Affairs and Fisheries, the production number
of grouper has increased by 11.95 kilotonnes in 2012 to
70.29 kilotonnes in 2017 (KKP, 2018). The giant tiger
grouper (Epinephellus fuscoguttatus-lanceolatus) is a
hybrid species of the tiger and giant grouper that is cul-
tured due to its rapid growth and high salinity tolerance
(De et al., 2014; Liang et al., 2013), and their resistance
to diseases (Anita and Dewi, 2020). In addition, it may
be cultured at a relatively low salinity approximately
14-20 ppt in highland areas at 393 m heigh above sea
level and far from the coast.

The intensive culture of hybrid grouper require
better aquaculture management system. Wastes from
this intensive aquaculture may contain the accumula-
tion of uneaten feed and fecal droppings of cultured fish.
Solid waste can increase the level of nitrogenous com-
pounds and stresses the cultured fish (Akinwole ef al.,
2016). Fish may be unable to utilize a major percentage
of nitrogen and phosphorous which are included as the
main component of feed, potentially resulting in envi-
ronmental pollution. These nutrients when they are re-
leased into the environment at high concentrations pose
as waste, may potentially harm fishes and other aquat-
ic organisms. They may lead to increase the dissolved
and suspended solids, as well as water turbidity. If solid
waste in aquaculture remains in the culture system, the
activity of aerobic bacteria may increase biological and
chemical oxygen demand and therefore deplete oxygen
availability (Santhi e a/., 2017). Furthermore, as men-
tioned by Edwards er al. (2015), the uses of pellets in
intensive aquaculture systems may trigger eutrophica-
tion, due to the input of excess phosphorus and nitrogen
of the water that potentially causing the harmful algal
blooms (HABs).

Hence, efforts should be made to control and
make use of the nutrient waste. One of the approaches
that have a potential to minimize the nutrient wastewa-
ter is by using seaweed as a biofilter (Marinho-Soriano
et al., 2009; Laramore et al., 2018; Troell et al., 2009).
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Seaweed biofilter has been proposed in waste-
water treatment technology in marine fish aquaculture
due to its environmental benefit, abundant availability,
and affordable cost (Arumugam ef a/., 2018). However,
it is also crucial to choose the appropriate seaweed spe-
cies that can be applied as biofilter in order to reduce
nutrient pollution in water, improve water quality, fish
growth, and maximize the economic value of the sea-
weed itself. In addition, the use of seaweed as a biofilter
and bioremediator has been extensively investigated,
such as Ulva, Palmaria palmata, Gracilaria, Kappa-
phycus, and Hypnea aspera (Trianti and Adharini, 2020;
Andayani et al., 2016; Anibal et al., 2013; Carneiro et
al., 2011; Castellar et al., 2015; Elizondo-Gonzalez et
al., 2018; Hayashi et al., 2008; Kang et al., 2011; Lar-
amore et al., 2018; Neori et al., 2003; Ribeiro et al.,
2017; Tremblay-Gratton et al., 2018).

Seaweeds have been claimed to have the ability
to lower nutrient pollutions in the water. Nevertheless,
their use as biofilter must be mutually beneficial to the
cultured fish and the surrounded ecosystem. Whereas,
the effectiveness of each seaweed species as a biofil-
ter varies (Kang ef al., 2011). It may depend on water
volume and circulation, initial biomass, water quality,
and seaweed’s physiology (Hayashi er a/., 2008). Each
seaweed has a different life suitability tolerance which
impacts in its capacity to carry out the nutrient removal
process, to survive, and to grow.

Hybrid grouper farming systems in the high-
lands area with the salinity around 14-20 ppt, require
an appropriate seaweed species as a biofilter that can
tolerate the water conditions and work effectively. The
study of seaweed as biofilter for hybrid grouper culture
is still relatively limited. Hence, the research aimed at
comparing the ability of these species i.e. Sargassum
sp., Dictyota sp., Gelidium sp., and Ulva sp. as biofilter
in hybrid grouper culture at relatively low salinity con-
dition. The results of this study are expected to reduce
nutrient wastewater in hybrid grouper farming at low
salinity, allowing the wastewater to be recirculated and
reducing the impact of eutrophication if the wastewater
is discharged to aquatic environment.

2. Materials and Methods

2.1 Sample Collection and Acclimatization

Some seaweeds namely Chaetomorpha sp.,
Gracilaria sp., Caulerpa sp., Ulva sp., Sargassum sp.,
Padina sp., Dictyota sp. and Gelidium sp., were gained
from Trenggole Beach, southern of Yogyakarta. These
seaweeds were cleaned, and then acclimated in four



stages, from the salinity of 30, 25, 20, and 15 ppt. Each
stage of salinity reduction was acclimated for three days.
These steps were conducted to approach the wastewa-
ter culture condition (14-20 ppt). The acclimation used
aerated closed system, and water quality parameter was
observed continually. The result showed that Ulva sp.,
Sargassum sp., Dictyota sp., and Gelidium sp. were able
to survive. Therefore these seaweeds were utilized for
the subsequent tests.

2.2 Methods
2.2.1 Experimental design

The wastewater was obtained from the hybrid
grouper farms at the highland area located in northern
Yogyakarta that is fed by megame pellet size 3. Hy-
brid grouper wastewater aquaculture containing nutri-
ent waste is accommodated in temporary tanks, then
the wastewater is transferred to aquariums containing
different seaweeds according to the treatment by out-
door experiment with transparent roof (Figure 1). The
wastewater was then contained in 15 aquariums with
the volume of 15 L each. Every treatment used 3 grams
of seaweeds per liter. Therefore, every treatment used
45 grams of seaweeds for 15 L of wastewater. The sea-
weeds which had been previously acclimated were test-
ed as biofilters in grouper culture wastewater in a closed
system without any addition of seawater, and equipped
with aeration. The experimental design utilized Com-
pleted Randomized Design (CRD) consisting of PO as
control, P1 with Ulva sp., P2 with Sargassum sp., P3
with Gelidium sp., and P4 with Dictyota sp.. Addition-
ally, every treatment has three replications.

Figure 1. The schematic of experimental design.
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2.2.2 Parameter measurements

The parameter of water quality such as tempera-
ture, pH, salinity, Total Dissolved Solids (EZ-9909 5 in
1), and Dissolved Oxygen (DO Meter Lutron-5519),
and TSS (filtration method) were observed every 4 days.
The concentration of nitrate, phosphate, ammonia in
wastewater were examined by test kit (Visicolour ECO)
then observed under compact photometer (PF-12).

The efficiency of nutrient reduction was calcu-
lated using the following formula:

Nutrient reduction effectivity in water (%) =

(Water NO - Water Nf)/(Water NO) x 100 ....... )

where N0 represented the concentration of nutrient on
day 0; and Nf showed the concentration of nutrient on
final day in wastewater.

The seaweeds’ Total Kjeldahl Nitrogen (TKN)
content was tested using Kjeldahl method, therefore, the
phosphate content was analyzed through Spectropho-
tometry method. The absorption of TKN and phosphate
by seaweeds was assumed by the percentage of TKN
and phosphate addition in the seaweed thallus based on
the following formula:

The Addition of TKN or phosphate in thallus (%) =
(C£-CO)/CO X 100....c..coeiiiiiiieieineeeieeeene 2)

where C0 showed the concentration of TKN or phos-
phate on day O in thallus, and Cf represented the final
concentration of TKN or phosphate in thallus.
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Specific Growth Rate (SGR) of seaweeds was
calculated using the formula below:

SGR (% d') = (Ln Wt - Ln WO)/t X 100% .............. 3)

where WO represents wet weight on day 0, and Wt rep-
resents final wet weight in # time period.

2.2.3 Data analysis

In determining the data type (parametric or
non-parametric), statistical assessment was performed
through the normality and homogeneity tests. ANOVA
test was used for the normally distributed and homo-
geneous data, to observe the significant differences be-
tween the treatments in each water quality parameter.
Subsequently, it was analyzed using Least Significant
Difference (LSD) analysis. Kruskal- Walis analysis and
t-test or Mann-Whitney test were performed to analyze
the data that were not homogeneous and normally dis-
tributed. A confidence level of 95% (o = 0.05) was used
for all statistical tests. The data gathered in this study
were analyzed using statistical software SPSS version
18.0.

3. Results and Discussion
3.1 Water Quality of Hybrid Grouper Wastewater

The water quality of hybrid grouper culture
wastewater using seaweed during the experiments was
recorded (Table 1). Significant variations in DO and pH
were found between treatments. After the fourth day, the
DO in all treatments decreased by 3 mg L' due to bacte-
ria activity in decomposing wastewater, which required
oxygen, resulting in decreased oxygen levels. However,
DO level elevated afterward, and its maximum was re-
corded on the twelfth day of the treatment with Ulva sp.
at 11.4 mg L' in water temperature of about 29 °C, in-
dicating a substantial difference from the other species.
Furthermore, the DO dropped to an average of 6.1 mg
L' on the twentieth day after increasing on the twelfth
and sixteenth days.

The Ulva sp. and Dictyota sp. treatments had
a comparatively higher DO level than the control since
these two species had exceptional metabolism, sur-
vival ability, and photosynthesis process, resulting in
higher DO level in aquaculture effluent. Meanwhile,
because the metabolic process was disrupted to adjust
to the conditions of wastewater quality, the DO content
of the treatments with Sargassum sp. and Gelidium sp.
was lower than the control, and thus the photosynthet-
ic process was suboptimal. Ulva sp. and Dictyota sp.
were also found to have a higher pH (Table 1). Because
these seaweeds utilize bicarbonate for metabolism, the
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amount of H" in the water decreases, resulting in an in-
crease in pH. The concentration of dissolved CO, and
nitrification process will increase H*, which caused a
pH decrease in this wastewater treatment (Schuenhoff
et al., 2003). To summarize, Ulva sp. and Dictyota sp.
have the ability to regulate the pH of less-than-ideal wa-
ter conditions for aquatic life.

3.2 Nutrient Reduction in Wastewater

The nutrient reduction that consists of ammo-
nia, nitrate, and phosphate concentration during the ex-
periment was record (Figure 2). The ammonia content
in the wastewater treated with Ulva sp. was effectively
decreased to 0.57 £ 0.04 mg L' (64%) on the fourth day,
the lowest among the treatments. The concentration of
ammonia in all treatments increased on the sixteenth
day before falling to 74% on the twentieth day (Figure
2a). The growing ammonia concentration persisted until
the sixteenth day, implying that the process of convert-
ing ammonium to nitrate was disturbed subsequently
as a result of a drop in water temperature, reducing the
ability of nitrifying bacteria to break down ammonia.
Total ammonium nitrogen (TAN) removal is effective,
and peaks in the summer when air and water tempera-
tures rise (Matos ef al. 2006). The ability of a biofilter
to absorb nutrients is also regulated by temperature and
water exchange rate under varied environmental cir-
cumstances (Abreu et al., 2011).

The nitrate concentration in wastewater treat-
ed with Ulva sp. grew until the fourth day, and then it
steadily fell to 1.5 + 0.3 mg L. On the twentieth day
of treatment, the nitrate level had dropped by 80%.
Meanwhile, the other treatments exhibited a rise in ni-
trate concentration (Figure 2b). This increase might be
caused the condition of the nitrification process, which
is influenced by environmental parameters. Roleda and
Hurd (2019) stated that nutrient absorption are influ-
enced by several factors, such as water movement, light,
temperature, carbon dioxide, and salinity. The Ulva sp.
absorbed nitrate faster than the other treatments (con-
trol; Sargassum sp.; Gelidium sp.; and Dictyota sp.).
Furthermore, Ulva sp. demonstrated the most effective
nitrate reduction starting on the fourth day, whereas
the other seaweed treatments exhibited a drop by the
eighth day. A similar finding is shown by Castellar et
al. (2015), which stated that Ulva was able to decrease
nitrogen nutrients more efficiently than Gracilaria bird-
iae. This nitrate content drop suggests that the seaweeds
have absorbed the nitrate in the water, which serves as
a nutrient removal system. Ulva absorbs dissolved inor-
ganic nitrogen in less than one hour, and stores nitrate
in the thallus as an internal reserve (Anibal e a/. (2013).



Table 1. The dynamics of water quality parameter of wastewater during experiments with different

seaweeds species

Concentration on day

0 4 12 16 20
PO 1443 +0.12 14.80 £0.17 1520+0.15 1540+0.12 15.90+0.31 16.13+£0.26
Pl 14.33+£0.37 15.10+0.00 15.60 = 0.00 15.63 £0.03 16.43+0.09 160,43 +£0.03
Salinity P2 14.47+0.22 14.53+0.12 1527+0.18 1547+0.20 16.03+0.23 16.17+£0.22
P3 14.50 £ 0.03 15.07+0.09 15.60 +0.10 15.80+£0.12 16.30+0.12 16.60 +0.12
P4 14.55+0.03 15.17+0.09 15.70 = 0.06 15.63+0.33 16.40 + 0.06 16.57+0.13
PO 7.17+0.05 7.52+0.12 7.90+0.09 7.94+0.04 8.21+0.05 7.67+0.05
Pl 7.30+£0.02 7.86£0.10 821£0.10 8.19+0.09 8.19+0.05 7.67£0.09
pH P2 7.26+0.04 7.10£0.01 745£0.04 7.77+0.04 8.07+0.07 7.73£0.04
P3 7.26£0.02 731+0.12 7.50+0.03 7.97 +0.08 7.92+0.04 7.41+0.04
P4 7274004 7.44£0.06 7.92+0.02 8.23+0.07 8.26£0.06 7.68£0.01
PO 1643 +0.12 16.43+0.20 17.03+0.24 17.13+0.19 18.10+0.20 18.13+£0.24
Pl 16.23+0.49 16.80 +0.06 17.50 £ 0.06 17.53+£0.09 18.50 = 0.06 18.57+0.07
TDS P2 16.30+0.12 16.47+0.27 17.10+0.20 1726+0.22 18.13+0.23 18.17+£0.32
P3 16.00+0.29 16.73+£0.03 17.50£0.10 17.67+0.09 18.50+0.15 18.43+0.18
P4 16.13+0.19 16.77+0.12 17.57+0.03 17.70 £ 0.00 18.67+0.09 18.43+0.12
Po 2.53+0.11 1.04+0.08 0.23£0.06 0.66 £0.11 0.53+0.09 0.33+£0.00
Pl 2.37+0.02 1.33+0.22 0.20£0.10 0.58=+0.13 0.44£0.05 0.37£0.03
TSS P2 2.57+0.08 1.03+0.13 032+0.14 0.38+0.10 0.47+0.12 0.40 +0.05
P3 2.67+£0.04 1.54+0.14 0.17+0.11 0.50+0.11 0.66 £ 0.08 0.43+0.04
P4 2.59+0.04 1.17+0.14 0.36£0.09 0.54+0.12 0.70+£0.03 0.43£0.09
PO 5.67+0.24 3.20+0.47 7.03+0.22 9.30+0.21 9.77+0.39 6.23+0.28
Pl 6.37+0.34 3.30+£049 6.33+£0.32 11.57+0.09 10.90+0.21 6.20£0.17
DO P2 5.53£0.15 2.60+0.15 590+0.15 8.63+£027 10.50+0.51 563027
P3 6.13+0.22 2.87+0.97 6.50+0.31 10.13+£0.41 10.00+0.29 590£0.29
P4 6.80+0.20 3.10+0.15 6.73+0.20 10.07+0.41 11.00+0.21 6.23+0.28

Description: PO (Control), P1 (Ulva sp.), P2 (Sargassum sp.), P3 (Gelidium sp.), P4 (Dictyota sp.).

During the treatment, the concentration of
phosphorus steadily decreased until the twentieth day.
However, on the twelfth day, Dictyota sp. had the quick-
est decline in phosphate concentration, reaching 0.73 +
0.09 mg L' (82%), while the lowest was 0.50 + 0.06 mg
L' (88%). Ulva sp., Gelidium sp., and Sargassum sp., on
the other hand, were able to reduce phosphate concen-
trations by 83 %, 76 %, and 70%, respectively, on day 20
(Figure 2c¢). This decrease of phosphate concentration in
wastewater in all treatments is because the phosphate
can be readily absorbed and utilized by cells in the thal-
lus. It can be proven that the content of Total Kjeldahl
Nitrogen (TKN) and total phosphate in the thallus has
increased, and then there has been an increase in growth
until the end of this experiment. This is also confirmed
by Arumugam er al. (2018) that phosphate was trans-
fered extracellulary including absorption of phosphate
by chemical bond formation and absorption by active
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sites on the surface of biosorbents. Meanwhile, intracel-
lular transfer consists of biotransformation and intracel-
lular phosphate accumulation.

Ulva sp. treatment showed the most significant
reduction in ammonia in the water, followed by Sargas-
sum sp., Gelidium sp., and Dictyota sp.. However, there
were no significant variations in the percent reduction
of ammonia in the water in any treatments (Figure 3a).
Although it was not statistically different from Sargas-
sum sp. and Gelidium sp., the treatment using Ulva sp.
showed the highest percentage of nitrate reduction in
water, reducing the nitrate level by 80% (Figure 3b).
Furthermore, Dictyota sp. showed the most significant
percentage reduction in phosphate (88%); it was con-
siderably different from the control, Sargassum sp., and
Dictyota sp., but not statistically different from Ulva sp.
(83%) (Figure 3c).

November 2021 137



Adbharini et al. / JIPK, 13(2):133-143

0 4 8 Day
=4—P(0 (Control) =8—P1 (Ulva sp.)

=——P3 (Gelidium sp.)

=&—P2 (Sargassum sp.)

——P4 (Dictyota sp.)

Figure 2. The concentration change of (a) Ammonia (N H3); (b) Nitrate (NO*); (c) Phosphate (PO43') in

hybrid grouper culture wastewater for twenty days with different seaweeds during experiment.

33 Absorbtion of Total Kjeldahl Nitrogen (TKN)
and Total Phosphate of Wastewater into the Thallus

The addition of total phosphate content in sea-
weed thallus is higher than the addition of TKN (Figure
4). Ulva sp. had the greatest effective absorption of N
and P from wastewater, owing to the largest percent-
age addition of TKN and phosphate levels in its thallus.
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In comparison to Ulva sp., Dictyota sp., Sargassum sp.,
and Gelidium sp. showed the lowest N and P absorption.
The ability of seaweed to absorb oreliminate nutrients
in water is considered to be based on the percentage
addition of TKN and phosphate concentrations in the
thallus. As a result, the larger percentage of TKN and
phosphate addition may indicate that the seaweed has
better effectiveness to absorb and utilize these nutrients
for metabolism and growth process.
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Figure 3. Reduction of (a) Ammonia (NH3); (b) Nitrate (NO—3—-); (c) Phosphate (PO43-) in hybrid grouper culture
wastewater for twenty days with different seaweeds. Description: PO (Control), P1 (Ulva sp.), P2 (Sargassum sp.), P3
(Gelidium sp.), P4 (Dictyota sp.). Each data point is mean+SD (n=3). Different superscripts at each bar in the same graph

shows that there are significant differences (p <0.05).

Ulva sp. had the highest TKN addition percent-
age (104%), while Gelidium sp. had the lowest (3%)
(Figure 4a). However, not all absorbed nutrients were
digested and retained because they returned to the wa-
ter in different forms; high levels of ammonium and
nitrate in water produce an increase in nitrogen accu-
mulation in thallus (Ribeiro et al., 2017). The percent
addition of phosphate tended to be greater than that of
TKN content in the seaweed thallus. It could be because
the phosphate concentration in water was higher than
ammonia but lower than nitrate. Ulva sp. had the high-
est percentage addition of phosphate content (182%),

Copyright ©2021 Faculty of Fisheries and Marine Universitas Airlangga

whereas Gelidium sp. had the lowest (9%) (Figure 4b).
However, according to Ribeiro ef a/. (2017), not all of
the absorbed inorganic phosphate was used for growth
because it can also boost pigment, protein, and phos-
phorus levels in the thallus.

34 SGR of Seaweed

Ulva sp. had the most optimum SGR at 1.9%
d!, Dictyota sp. at 0.36% d™!, and Gelidium sp. at 0.25%
d! (Figure 5). Ulva sp. has the greatest SGR due to its
superior capacity to cope with harsh wastewater condi-
tions. In addition, Ulva sp. has a high tolerance and good
environmental adaptability to variations in irradiance,
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Figure 5. Specific Growth Rate of different seaweeds for twenty days in wastewater of hybrid grouper cul-
ture. Description: P1 (Ulva sp.), P2 (Sargassum sp.), P3 (Gelidium sp.), P4 (Dictyota sp.). Each data point is
mean*SD (n=3). Different superscripts at each bar shows that there are significant differences (p <0.05).
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temperature, salinity, and humidity (Castellar ez a/. 2015;
Mantri et al. 2020). Tsagkamilis et al. (2010) also af-
firms this, stating that Ulva sp. can thrive in low salinity
environments. Ulva sp. also had the highest ability to
absorb nutrients than the other seaweeds examined in
this study. Ulva sp. has the most expansive thallus sur-
face to uptake nutrients than the other seaweed species
did. According to Rosenberg and Ramus (1984), the ra-
tio of thallus surface area to volume has a positive as-
sociation with nutrient uptake rate. Moreover, Ulva sp.
can use these nutrients for metabolic activities, giving it
the highest SGR among the treatments.

Sargassum sp. had the lowest SGR because
some thalli died, resulting in thalli that were fragile and
flabby, affecting the ultimate weight and SGR. Tem-
perature and salinity, as well as the carbon and nitro-
gen content of the thallus, are limiting environmental
variables (Li e al., 2019). Sargassum sp. was unable
to resist the low salinity conditions, and as a result, it
became inefficient in absorbing nutrients, resulting in
the death of some thalli. Gelidium sp. thalli tips turned
green, while Dictyota sp. thalli tips became pale and
weak. This change in color to a whitish pale is known as
ice-ice disease, and it is caused by stress in aquatic en-
vironmental circumstances that are not compatible with
some species’ tolerance. In this study, several Dictyo-
ta sp. thalli tips were infected with ice-ice disease and
fragmented because they could not withstand the hybrid
grouper wastewater.

Hybrid grouper wastewater had relatively low
salinity (14-20 ppt), whereas Gelidium, Dictyota, and
Sargassum naturally live in water with a salinity of more
than 25 ppt. This condition reduces the species’ abili-
ty to survive, making it more susceptible to virus and
bacterial infection, harming the thalli. In addition, the
attachment of epiphytes, which are green mosses that
stick to the dead white surface of the thallus, is com-
mon in some regions of the thalli that suffer from ice-
ice disease. When tested in the Integrated Multi-Trophic
Aquaculture (IMTA) system with red abalone, the same
thing happened to Gracilaria chilencis, which was in-
fected by filamentous algae (Macchiavello and Bulboa,
2014). Ulva sp., on the other hand, showed no signs of
epiphytic infection in our study. Therefore, Ulva sp.
optimally grows and efficiently absorbs nutrients better
than Sargassum sp., Gelidium sp., and Dictyota sp.

4. Conclusion

Ulva sp. was proven to have the best effective-
ness as biofilter to reduce and absorb nutrient in the
grouper aquaculture wastewater compared to Sargas-

Copyright ©2021 Faculty of Fisheries and Marine Universitas Airlangga

sum sp., Gelidium sp., and Dictyota sp. Moreover, Ulva
sp. is easy to find, has highest survivability and growth
rate. Therefore, Ulva sp. becomes a promising commod-
ity of seaweed to be utilized in Integrated Multi Trophic
Aquaculture (IMTA) system for sustainable aquacul-
ture production and ecofriendly fisheries, as well as to
prevent water pollution or eutrophication problems in
aquatic environment.
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