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Abstract. This study was aimed to determine impact of stocking season, additional oxygen supply
and light intensity on performance of pacific white leg shrimp (Litopenaeus vannamei)
polycultured with seaweed Gracilaria verrucosa. Three sets of experiments were used and each
experiment was conducted separately in 3 different season (factor W). Three factors and the
interaction, that is, stocking seasons (W1: March-June;. W2 : July-October and W3 : November-
February), Oxygen supply (O, with or without supply aeration of 6.5 ppm) and light intensity (with
or without addition of light 640 lux) was observed. The experiment was conducted in 16
polyethilen net place in concrete tanks (1.2 m®). Shrimp (average weight 0.1 g and lenght 1.2 cm)
with density 94 slu‘imp’m‘and seaweed 2.188 g!m‘. cultured for 94 days. Data collected included
absolute growth, specific growth rate (SGR), survival rate (SR) and biomass production of shrimp
and seaweed. The result showed that culture period March to June, additonal light and suply DO
gave the best result with shrimp absolute growth 13.23 g, SGR 5.09 %/day, SR 99.64 % and
biomass production 1.256.36 gf’m". Absolute growth of G. verrucosa was 5.223.75g, SGR 268
%/day and biomass production 12.608.55 g/m’.

1. Introduction

Polyculture of pacific whiteleg shrimp (Litopenaeus vannamei) and seaweed (Gracilaria verrucosa) is a
common practice in Southeast Asia. Pacific whiteleg shrimp (L. vannamei) are suitable for this type of
polyculture because they are highly adaptive to different environmental conditions. For example, L.
vannamei are cultured in “ponds”, formerly excavated sand, from which 4 tons of L vannamei are
produced after 90 days of culture [1]. The use of G. verrucosa in the polyculture system benefits the
environment by trapping excess nutrients normally occurring in shrimp ponds but possibly leaving
negative effects on shrimp’s health. G.verrucosa also absorbs toxic substances from organic waste while
producing oxygen supply during the day. Hence, it reduces waste contamination and converts the waste
contamination into nutrients for its growth. Most of the time, polyculture is usually applied in extensive
ponds. However, it is also applicable in semi-intensive shrimp ponds with additional oxygen supply. In
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addition, the season for farming can also affect shrimp’s survival, growth and, in turn, production. Season
affects the pond environment, including the salinity, dissolved oxygen, temperature and consentration of
N (nitrate, nitrite and ammonia) in the water, which in tumn, contributes to the shrimp’s well-being and
seaweed growth. Selecting the right period for stocking and culturing shrimp is important for the success
of the polyculture of shrimp and seaweed.

2.Methodology
The study was conducted in the Laboratory of Coastal Development, Faculty of Fisheries and Marine
Sciences, Universitas Diponegoro. The experiment was done in different seasons in three periods, namely
March-June (post-wet season), July-October (dry season) and November-February (wet season). The
experiment used 16 polyethilene nets (1x1x1.2 m in size) placed in four concrete tanks (each tank was
6x5x1.2 m in size). For each period the shrimp (average weight of 0.1 g/individual average length of 1.2
cm) were stocked at a density of 94 shrimp/m’ along with sea weed at a density of 2.188 g/m’. The
experiment was carried out in split plot in time design with quadreplicate. There were three factors used in
this study, namely factor W (season), O (oxygen supply) and I (light intensity). Factor W was the season
in which the experiment was started and the stocking was conducted (W1: March-June; W2: July-October;
and W3: November-February). Factor O consisted of oxygen supply (2 levels, with or without aeration)
and light intensity (with or without additional light). The experiment was designated as follows: O1 (an
addition of light intensity of 640 lux without oxygen supply); O2 (an addition of oxygen supply of 1.5
m/second, equal to 6.5 ppm and without additional light); O3 (an addition of oxygen supply of 1.5
m/second and a light intensity of 640 lux) and O4 (without supply aeration and light (control)). A TL lamp
was used as the source of illumination in this study because it emits light similar to the sunlight [1].

The shrimp and the seaweed were weighted once every 12 days for 92 days. The growth parameters
measured were the absolute growth, specific growth, survival rate and production. The data were analyzed
statistically using Analysis of Variance and Duncan’s Multiple Range Test (DMRT) [2].

3. Results and Discussions

3.1 Results

3.1.1 Growth, survival rate and production of pacific white leg shrimp (L.vannamei)

The average absolute weight growth of shrimp (L. vannamei) ranged from 8.93 + 0.0 g (the lowest,
treatment W304) to 13.13 = 0.1 g (the highest, treatment W103). The specific growth rate (%/day)
ranged from 4.68 + 0.00 (treatment W304) to 5.09 £ 0.00 (treatment W103). The survival rate (%)
ranged from 40.36 (W304) to 99.64 (W103). The production (g) ranged from 376.87 + 0.34 (W304) to
1,005.08 + 2.47 (table 1).
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Table 1. Average absolute growth, specific growth rate, survival rate and production of
pacific white shrimp (L.vannamei) measured in this study.

Treatme Average Specific growth Average Average
nt absolute rate (%/day) survival rate(%/) production(g)
growth (g)

w101 11.42+0.020 4.94+0.002 80.00+£0.290 865.85+0.760
w102 12.71+£0.040 5.05+0.003 93.22+0.120 964.71+£0.220
W103 13.23+0.000 5.09+0.000 99.64+0.180 1005.08+2.470
W104  9.95+£0.0100 4.79+0.001 50.36+0.180 467.30+0.380
W201 11.28+0.000 4.92+0.000 85.00£0.200 851.53+0.680
w202 12.63+0.050 5.04+0.004 73.22+0.180 944.37+1.370
W203 13.13+£0.000 5.08+0.000 93.93+0.180 972.46+0.080
W204  9.85+0.0100 4.78+0.001 45.00+0.200 394 .98+2.610
W301 10.75+0.000 4.90+£0.013 67.50+0.180 509.90+0.620
W302 11.83+£0.010 4.97+0.001 81.25+0.630 592.97+0.320
W303 12.57+0.000 5.04+0.000 90.36+0.340 646.80+0.220
W304  8.93+0.000 4.68+0.000 40.36+0.030 376.87+0.340

3.1.2. Effect of season-oxygen supply interaction on the growth of Pacific whiteleg shrimp

(L vannamei)

The results of the Analysis of Variance showed that there was no effect of season and oxygen supply on
the absolute growth and specific growth rate of the experimental shrimp in this study, but there was an
effect only on the survival rate (figure 1).
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Figure 1.Effect of intreaction of season and oxygen supply on the
survival of the pacific white shrimp (L. vannamei).

3.1.3.  Absolute growth, specific growth rate and production of G. verrucosa

The average absolute growth of seaweed ranged from 2,496.5 + 0.32 g/m” (the lowest, treatment W304)
to 5.223.75 £ 0.31 g/m’ (the highest, treatment W103). The specific growth rate of seaweed obtained in
this study ranged from 1.750 + 0.00 %/day (treatment W304) to 2.68 + 0.00 %/day (tretament W103).
The average production of seaweed ranged from 3.916.39 = 0.64 g (W304) to 10,086.85 + 0.79 g
(treatment W103) (table 2).
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Table 2 .Average absolute growth, specific growth rate, and
production of sea weed G.verrucosa) in present study.

Treatment Average Specific Production
absolute growth
growth rate (2)
(g)
(%/day)

W101 3024+0.200 1.9740.000 4994.19+0.430
w102 4895+0.540 2.59+0.000 9273.08+1.320
WI103 5223.75+£0.310 2.68+0.000 10086.85+0.790
W104 2663.25+0.130  1.82+0.000 4249.98+0.250
W201 2823.25+0.430 1.89+0.000 4576.35+0.880
w202 4721.75+0.380  2.54+0.000 8850.98+0.910
W203 5064+7.170 2.64+0.000 9724.65+0.590
W204 2518+2.190 1.76+0.000 3950.08+0.640
W301 2638.25+£3.880 1.82+0.000 4215.66+0.480
w302 4611+0.200 2.51+0.000 8583.67+0.490
W303 4887.5+£0.140  2.59+0.000 9372.50+8.690
W304 2496.5+0.320 1.75+0.000 3916.39+0.640

3.1.4. Effect of season-oxygen supply interaction on the specific growth rate of the seaweed G. verrucosa
The interaction between season and oxygen supply had a significant effect on the absolute growth of
Pacific whiteleg shrimp (L.vannamei), but no effect on the specific growth rate of seaweed (G. verrucosa)
(figure 2).
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Figure 2. Interaction of season of stocking and oxygen supply on the absolute
growth of sea weed (G. verrucosa).
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3.1.5.

Water quality during the study

doi:10.1088/1755-1315/137/1/012016

The water quality parameters measured were the dissolved oxygen (DO), temperature, salinity, pH.
transparancy, nitrate, nitrite, phosphat, CO, and total ammonia (table 3).

Table 3. Water quality measurement during the experiment.

Treatments
Paramet WI101 WIO WI03 WI0O4 W20 W20 W20 W20 W3 W30 W3 W30
ers 2 1 2 3 4 or 2 03 4
DO 5.7 6.6 6.5 33 5.7 6.7 6.7 33 57 64 6.7 2.3
(ppm)
(night)
DO(ppm 6.7 6.7 6.7 6.6 6.9 6.9 6.9 6.9 6.7 6.7 6.7 67
) Day
pH 7.5-82 7.3 7.5-82 7278 73 72- 72 71- 72- 7.1- 72- 77-
8.1 7.9 7.9 7.9 7.8 7.8 7.8 7.8 78
Tempera 27.5- 27.1-  275- 27.4- 28.7- 27.7- 287- 272- 27. 268- 27. 251-
ture (°C) 31.1 31.2 312 31.1 33.0 331 332 333 1- 30.1  5- 30.1
30. .30.
2 1
Salinity 30 30 30 30 30 30 30 30 30 30 30 30
(ppt)
NO3 tt- tt- tt- 0.025 - tt tt 0.00  tt-  tt- tt-  0.045
(ppm) 0.005 0.006  0.004 0.00 1- 0.0 000 0.0
2 000 13 3 25
3
Total 0.011- 0.01- 0.01- 0.01- 0.01- 0.01- 0.01- 001- 0.0 001 0.0 0.011
NH3 0.01 0.02 0Mm 0.02 002 003 002 003 11- 1- 11- -
(ppm) 0.0 004 0.0 0054
28 7 31
Fosfat 0.21- 0.32-  0.32- 0.28- 0.22- 0.33- 0.33- 0.29- 0.2 028 03 0224
(ppm) 0.32 0.43 0.35 0.33 031 043 0.4 035 6- 5- 26- -
0.3 032 03 0327
27 8 58
co2 w-048 u it 0.44- tt- tt tt 0.44- - tt 0.42-
(ppm) 3.98 0.45 308 04 3.98
4
Transpar 80 80 80 80 80 80 80 80 80 80 80 80
ancy
(cm)
Nitrite 0.025 0.023 0.015 0084 003 002 002 0.09 0.0 002 00 0098
mg/l 6 7 7 6 41 9 19
3.2, Discussion

Overall, the results showed that stocking and rearing shrimp and seaweed in the post-wet season (March—
June) was advantageous for the cultured organisms. Stocking and culturing shrimp and seaweed in the
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period March-June with oxygen supply and light (W103) resulted in the highest absolute growth. This
result was higher than that of the other seasons with and without oxygen supply and light. The lowest
absolute growth was obtained in the period November-February without oxygen supply and light (W304).
This may be related to water quality, especially the DO and CO, at night. The DO at nighttime in the
treatment with the highest absolute growth was much higher (6.7 ppm), and the CO; was undetected.
Quite the contrary, the treatment with the lowest absolute growth had low DO (2.3 ppm) and CO, of 0.42-
3.98 ppm. Low concentration of DO at night usually causes a problem in shrimp farming [3]. Low DO in
treatment W304 may have caused the shrimp to spend extra energy to compensate for the dissolved
oxygen condition to meet physiological needs. For example, this may be done by pumping more water
through the gills, lowering the oxygen partial pressure (pO2), regulating the amount of gill surface used
for respiration, which may affect the osmoregulation [4]. During the experiment, the salinity was
maintained at 30 ppt, which was isosmotic for shrimp. Therefore. the energy spent for osmoregulation was
minimal. This may contribute to better growth because at isosmotic condition, the Na+/K+-ATPase
activity of shrimp is low, and the food utilization will be efficient [5]. It is possible for oxygen supply and
additional light to increase water temperature, which increases the metabolic activities and moulting
frequency and results in higher absolute growth of the shrimp [6, 7].

Water temperature is naturally the lowest in the period November-February, averaging 25.1-30.1 °C.
This is lower than the optimal temperature for the survival rate (SR) of Pacific whiteleg shrimp, showing a
paralel result with that of growth of shrimp. Previous study showed that the SR of shrimp is affected by
stocking time and oxygen supply [7.8,9]. The mortality of shrimp in this study may be related to season,
which in turn, will affect the water temperature and dissolved oxygen concentration that is less than
optimal.

During wet season (November to February) water temperature ranges between 25.1 "C and 27.1 “C. On
the other hand, high day temperature in the dry season can also cause high mortality shrimp production is
population weight gain over certain period of time [10] determined by growth rate, mortality rate and
biomass in a certain period of time.[11] One of the natural factors determining production is stocking
season. The addition of oxygen supply and light in this study aimed to alleviate the low DO at night. Light
is necessary for facilitating photosynthesis by seaweed for it to provide extra DO for shrimp. The gain in
treatment W304 (wet season, no oxygen supply and no additional light) showed how all of the three
factors could impact shrimp production negatively [12]. Seaweed growth is affected by environmental
conditions such as light, temperature, pH and nutrient. Light intensity and the length of lighting period are
important factors for the culture of algae, including seaweed. The results of this study showed that oxygen
supply and additional light had no significant effect on seaweed growth despite longer period of
photosynthesis (W103). However, the light intensity of 3.500 lux was optimum for the production of
good absolute growth of seaweed. In addition, salinity of 30 ppt is suitable for seaweed as it is the salinity
of the coast from which the seaweed used in this study originated. The lack of light for the seaweed
cultured in November-February, and the lack of additional light resulted in low weight gain. Light
intensity influences spore production and the growth of ectocarpus because tetraspora and karpospora
production occurs only in the summer [13, 14].

4. Conclusion

This study showed that the most suitable period for the polyculture of the shrimp L. vannamei and the
seaweed G. verrucosa is March to June. An additional light intensity of 640 lux and oxygen supply of 6.5
ppm can produce high growth rate, survival rate and production of shrimp and seaweed.




ASEAN-FEN INTERNATIONAL FISHERIES SYMPOSIUM - 2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 137 (2018) 012016 doi:10.1088/1755-1315/137/1/012016

5. References

[1
[2l.
[3

— e —

[4].
[5].
[6].

[71.

[8].
[9].

[10].

[11].

[12].

[13].

[14].

Trobos 2013 The Magazine Agribisnis of Marine and Fisheries 12 (1) 24-26

Srigandono B 1990 Experimental Design Faculty of Husbandry UNDIP Semarang 178 p
Zonneveld N, Huisman E A and J H Boon 1991 Principles of fish culture (Jakarta: Gramedia
Pustaka Utama) 54 p (In Indonesia)

Fujaya Y 2004 Basic of Fish Fisiology for Developing Fisheries (Jakarta: Technology Rineka
Cipta) 179 p (In Indonesia)

Anggoro S 2000 Osmotic regulatory patterns and enzyme work Na-K-ATPase tiger shrimp
(Penaeus monodon) of various molting phases J. Aquac.ind. 1 (2) : 15-20. (In Indonesia)

Vinatea L W, Muedas, R Arantes 2011 The Impact of Oxygen Consumption by Shrimp
Litopenaeus vannamei According to Body Weight.temperature. Salinity and Stocking Density on
Pond Aeration a Simulation Maringi 33(2) 125-132

Spanopoulos-Hernandez M, C A Martinez-Palacios, R C Vanegas-Perez, C Rosasand L G Ross
2005 The Combined Effects of Salinity and Temperature on The Oxygen Consumption of
Juvenile Shrimps Litopenaeus stylirostris (Stimpson 1874) J. Aquac 244:341-348
Anongponyoskun M A Choksuchart, J Salaeno and P Aranyakananda 2012 J. Nat. Sci. 46 (5) :
751-758

Ruiz-Velazco J] M J. A Hernandez-Llamas .and V M Gomez-Munoz 2010 J. Agquac.
Engineering 43 : 114-119

Edmonson W T and G G Winberg 1971 A manual and methods for assesment of secondary
productivity in freshwater (London : IBP Blackwell Sc 1 Pub) 358p

Tagqwa F H 2008 The effect of potassium addition on adaptation time of salinity decrease and
time of natural feed replacement by artificial feed to performance pasca larva vannamei Shrimp
(Litopenaeus vannamei) (Bogor : Bogor Agricultural Institute) 83 p (In Indonesia)

Salisbury F B dan C W Ross 1995 Plant physiology Volume 2 (Bandung : Institute of
Technology Bandung) 173 p (In Indonesia)

Masyahoro and Mappiratu 2010 Respons from a Variety of Different Dept Againts Seeds of
Seaweeds and Harvest Time Eucheuma cottonii) in Palu Bay. The Magazine of Litbang Sulteng 3
(2) 104-111. (In Indonesia)

Alamsjah M A, N O Ayuningtias and S Subekti 2010 J. Fish. Mar. Sci. 2 21-30




The effects of season, aeration and light intensity on the
performance of pacific whiteleg shrimp (Litopenaeus
vannamei) polycultured with seaweed (Gracilaria verrucosa)

ORIGINALITY REPORT

12, . 126

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

G Mahasri, R Kusdarwati, Kismiyati, Rozi, H 30/
Gustrifandi. " Effectivity of immunostimulant ’
from protein membrane for decreasing the
mortality rate of white shrimp () in traditional
plus pond ", IOP Conference Series: Earth and
Environmental Science, 2018

Publication

L A Wati. "Analyzing the development of 20/
Indonesia shrimp industry"”, IOP Conference ’
Series: Earth and Environmental Science, 2018

Publication

Vivi Endar Herawati, Pinandoyo, Y.S. ZW
Darmanto, Nurmanita Rismaningsih et al. ’
"Effect of feeding with Phronima sp. on
growth, survival rate and nutrient value
content of Pacific white shrimp (Litopenaeus
vannamei) Post-larvae", Aquaculture, 2020

Publication




A D Puspa, T Osawa, | W Arthana. "
Quantitative assessment of vulnerability in
aquaculture: climate change impacts on
whiteleg shrimp () farming in East Java
Province ", IOP Conference Series: Earth and
Environmental Science, 2018

Publication

T

H H Madduppa, P Santoso, B Subhan, AW
Anggoro, N K D Cahyani, D Arafat. "Different
species, life form, and complexity of dead
coral head affect the species diversity and
density of decapods", IOP Conference Series:
Earth and Environmental Science, 2019

Publication

T

M Solahudin, W Slamet, A’ S Dwi. " Vaname ()
Shrimp Fry Counting Based on Image
Processing Method ", IOP Conference Series:
Earth and Environmental Science, 2018

Publication

(K

A Wadi, A Ahmad, M Tompo, H Hasyim, A
Tuwo, M Nakajima, H Karim. " Production of
Bioethanol from Seaweed, and by
Simultaneous Saccharification and
Fermentation Methods ", Journal of Physics:
Conference Series, 2019

Publication

T

| G P Wiratama, V Novianty. "Simulation and
parametric study of the innovated process to

<1%



purify bioethanol with ethylene oxide
hydration as an auxiliary reaction", IOP
Conference Series: Materials Science and
Engineering, 2020

Publication

| Putra, | Efendi, | Lukisyowati, U M Tang, R
Rusliadi, R A Manik. " Effects of Various
Carbon Doses on Tilapia ( sp) Culture with
Biofloc Technology ", IOP Conference Series:
Earth and Environmental Science, 2020

Publication

<1%

Shipeng Zhao, Shuping Zhang. "The deep
processing of seaweed industrial waste--
Influence of several fermentation on seaweed
waste of feed", IOP Conference Series: Earth
and Environmental Science, 2018

Publication

<1%

Septi Nur Azizah, Titik Susilowati, Tristiana
Yuniarti, Dicky Harwanto, Fajar Basuki. " The
Effect of Different Stocking Density of Eggs on
The Production of Sangkuriang Catfish Seeds (
Burchell 1822) by Using Filtration System ",
|OP Conference Series: Earth and
Environmental Science, 2019

Publication

12

Paul Schmitz, Alfred Schonlein. "Chapter 6
Speziell strukturierte lineare Probleme",

<1%



Springer Science and Business Media LLC,
1978

Publication

R A Katili, F A Dali, N Yusuf. "Quality of dried <1 o
seaweed Kappaphycus alvarezii with ’
traditional drying methods from North
Gorontalo", IOP Conference Series: Earth and
Environmental Science, 2019
Publication

] Tresnati, | Yasir, A D Bestari, A Yanti, R <'I %
Aprianto, A Tuwo. "Effect of salinity on the
growth of seaweed Gracilaria changii (Xia and
Abbott, 1987)", IOP Conference Series: Earth
and Environmental Science, 2021
Publication

L V D Putra, U Agustono, S H Kenconojati. " <1 o
The Effect of Adding Lysine in Commercial
Feed on Growth Rate, Feed Efficiency, and
Feed Convertion Ratio to Tambaqui ()", IOP
Conference Series: Earth and Environmental
Science, 2019
Publication

A Maalej, E Petit-Teixeira, L Michou, A Rebai, F <1 o

Cornelis, H Ayadi. "Association study of VDR
gene with rheumatoid arthritis in the French
population”, Genes & Immunity, 2005

Publication




Exclude quotes On Exclude matches Off

Exclude bibliography On



The effects of season, aeration and light intensity on the
performance of pacific whiteleg shrimp (Litopenaeus
vannamei) polycultured with seaweed (Gracilaria verrucosa)

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/ ’I OO Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8




