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Abstract. TAN (Total Ammonia Nitrogen) is the accumulation of nutrient elements needed by 

plankton to grow in intensive shrimp farming ponds. The purpose of this study was to 

determine the relationship effect of TAN concentration fluctuations on diatom abundance in the 

intensive shrimp culture cycle. This research was conducted during one intensive shrimp 

culture cycle at PT. Menjangan Mas Nusantara, Pandeglang, with its research variables is the 

dominance percentage of plankton abundance and the level of TAN solubility in ponds. The 

results showed that during the shrimp culture period the abundance of plankton was dominated 

by predominant diatom, chlorophyceae, and chyanophyceae classes. The percentage of diatom 

dominance during cultivation has a graph similarity with the level dissolved of TAN 

fluctuation in the pond. The dissolved of TAN itself is described continue to increase with 

shrimp farming age. Statically, the relationship between the dissolved effect of TAN 

concentration on diatom abundance in ponds was modeled by the regression equation y = 2.210 

+ 32.411 (R2= 0.88; α0.00). The conclusion obtained from the results of this study, the level of 

dominance by diatom abundance during shrimp culture period is strongly influenced by the 

fluctuation of TAN concentration as the main nutrient element in ponds with a significance 

level of 88%. 

Keywords: diatom, intensive pond, plankton, shrimp culture, TAN 

 

 
1. Introduction 

Intensive aquaculture is a pattern of maintaining cultivated commodities with the use of high stocking 

densities. Intensive aquaculture is usually applied to shrimp commodities that are kept in the tropics 

[26] [27]. Intensive shrimp culture pattern that has a high stocking density will trigger an increase in 

excessive feed input following the growth rate of shrimp biomass that is kept [29]. The residual feed 

and feces resulting from shrimp metabolism will have an impact on the solubility of nitrogen in the 

waters [16] [18]. Indicators of increasing nitrogen waste load can be seen by monitoring fluctuations 

in the concentration of TAN (Total Ammonia Nitrogen) in the waters. TAN is the total accumulation 

of ammonia (NH3) and ammonium (NH4+) compounds in the aquatic environment [22]. TAN is one 

of the nutrients that affect the level of abundance and dominance of plankton in intensive shrimp 

culture [9]. The presence of abundan plankton in aquatic ecosystems is an implication that in these the 

waters primary productivity level is quite high [34]. 
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In intensive shrimp culture, there are several plankton communities that are desired to grow 

dominantly, such as Chlorophyceae, Rotifera, and Bacillariophyceae [8] [14] [33]. Bacillariophyceae 

or also known as diatoms, is one of the plankton commonly found in aquaculture waters [35]. Diatoms 

are a group of plankton that are desired to grow as live food for shrimp [19] [33]. Diatoms have 

natural essential elements such as protein, carbohydrates, fat, and DHA which are good for shrimp 

growth [12] [19]. In aquaculture ponds, diatoms tend to be cosmopolitan or sensitive to nutrient 

elements changes and water quality fluctuations in the aquatic environment [6] [8]. 

Thus, it can be hypothesized that one of the factors that affect the diatom abundance level in the 

pond ecosystem is the presence of a dynamic concentration of TAN solubility during the operational 

cycle of shrimp farming [2]. The TAN solubility in aquaculture waters is strongly influenced by 

fluctuations in water quality parameters other such as pH and temperature [36]. The TAN solubility 

concentrations in pond waters will continue to run dynamically, especially when the shrimp have 

reached harvest size [3]. Thus, the purpose of this study was to determine the relationship between 

fluctuations of the TAN concentration in the diatoms abundance on intensive shrimp culture cycle. 
 

2. Materials and Methods 
This research was carried out in the vannamei intensive shrimp culture pond, Menjangan Mas 

Nusantara Company, Pandeglang, in March-May 2019. The study was conducted on 4 operational 

aquaculture ponds measuring 3,200 m2 with a stocking density of 110 fry/m2. Parameters observed 

were indicators of plankton structure, abundance, and dominance, as well as TAN (Total Ammonia 

Nitrogen) parameters. Research data collection was carried out once a week at 09.00 during the shrimp 

culture cycle. 

The plankton sample was taken as much as 500 ml with a water checker which was then 

compacted with a plankton net until 50 ml. Furthermore, the plankton samples were analyzed directly 

at the Water Quality Laboratory of Menjangan Mas Nusantara Company. Analysis of the identification 

and structure of the plankton abundance was carried out using a NEUBAUER© haemocytometer and 

an Olympus CX22 microscope based on the APHA method [1]. Furthermore, the abundance of 

plankton samples was calculated using the formula : 

Σcell/ml = N x 10-1/ 1 x 104 cm3 

Note: N is the plankton counted number, 10-1 diluent factor, 1x104 cm3 is the volume size of haemocytometer 

box. 

Meanwhile, to determine the percentage of plankton dominance index, calculations were made based on 

the Shannon-Wiener dominance index [5] [23] with using the formula: 

D = ( pi )2 
pi = ni/N 

Note: D is the index of plankton dominance, pi is the proportion of the i-th plankton species, ni is the number of 

individual taxa to-i, and N is the total number of plankton individuals. 

Meanwhile, for the analysis of TAN (Total Ammonia Nitrogen) concentration, it was carried out using 

the spectrophotometry method according to the guidelines of the APHA methods [1] at the Water 

Quality Laboratory of Menjangan Mas Nusantara Company. Next, to determine of the relationship 

between of fluctuations effect in TAN values on the diatom abundance, a simple linear regression 

analysis was performed with SPSS software Ver.16. 

3. Results and Discussion 
 

3.1. Plankton Community Structure 
Based on the data results from identification of abundance and the calculation of the plankton 

dominance index. During the shrimp culture period phytoplankton from the classes Chlorophyceae, 

Chyanophyceae, and Bacillariophyceae (diatoms) were the plankton group that dominated the 
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ecological structure in shrimp ponds (Figure 1.). While other types of phytoplankton from the class 

Euglenophyceae, Raphidophyceae, Desmophyceae were identified but did not dominate in general. 

The high phytoplankton abundance because these organisms are the main base of food chain producers 

in waters [11]. The high dominance of phytoplankton in the classes Chlorophyceae, Chyanophyceae, 

and Bacillariophyceae (diatoms) is caused by the high ratio of nutrient load and physico-chemical 

dynamics in shrimp pond waters [33]. In addition, dynamic weather changes also affect the dominance 

of certain plankton type in the waters [32]. Plankton are aquatic microorganisms that are very sensitive 

to changes in ecological parameters on their environmental habitats [15]. 

The results of the identification of the plankton genus can be seen in Table 1. Based on the 

identification results plankton from the diatom, chyanophyta, chlorophyta, and dinoflagellate classes 

have the highest diversity of genera compared to others. This result has a strong correlation with the 

status of the plankton dominance percentage in that class (Figure 1.). Meanwhile, for zooplankton 

identified very minimum. This indicates that there is an effective grazing process in the pond 

ecosystem. Grazing is a process of low-level predation in the food chain model on aquatic ecosystems 

[31]. The existence of a grazing process and proportional water nutrient levels will greatly support the 

balance of aquatic biological ecosystems. The genus diversity and stability of the plankton biological 

community in intensive ponds tends to be relatively higher when compared to traditional ponds [30].  

 
Figure 1. Plankton dominance percentage by class. 

Table 1. The data results of plankton diversity by class and genus 

Plankton Class Genus 

Phytoplankton Chlorophyceae Gleocystis sp., Westella sp., Chlamydomonas sp., Chlorella 
sp., Chodatella sp. Oocystis sp., Scenedesmus sp.,  

Chyanophyceae Anabaena sp., Chroococcus sp., Merismopedia sp., Microcystis 
sp., Oschillatoria sp., Spirulina sp., Gomphosphaeria sp. 

Bacillariophyceae Amphiphora sp., Skeletonema sp., Amphora sp., Cerataulina 
sp., Navicula sp., Chaetoceros sp., Coscinodiscus sp., 
Cyclotella sp., Pleurosigma sp., Streptotecha sp. 

Raphidophyceae Gonyostomum sp., 
Dynophyceae Alexandrium sp., Chryptomonas sp., Peridinium sp., 

Gymnodinium sp., Noctiluca sp., Protoperidinium sp. 
Desmophyceae Prorocentrum sp., 
Euglenophyceae Euglena sp., 

Zooplankton 
Centrohelea Acantocystis sp. 

Actinochrysophyceae Actinophrys sp. 
Tubulinea Amoeba sp. 

Ciliata Euplotes sp. 
Oligotrichea Strombidinopsis sp. 
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3.2 Dynamics of TAN (Total Ammonia Nitrogen) Concentration in Ponds 
The TAN concentration during shrimp culture period is dynamic fluctuating. TAN levels continued 

to increase with increasing shrimp culture periods, reaching the highest peak concentration at week 7 

of culture period (Figure 2.). 80% of TAN sources in ponds come from uneaten feed [28]. TAN 

fluctuations in pond waters are strongly influenced by the acid-base degree of the waters [13]. Apart 

from feed waste, TAN itself also comes from fertilization activities [7] [10]. On average, TAN levels 

in research ponds are still below with TAN quality standard for shrimp farming, which is <0.1 mg/L 

[14]. The fluctuating of TAN solubility in ponds indicates that the nitrification cycle runs well during 

the shrimp culture period [24]. 

 

Figure 2. TAN (Total Ammonia Nitrogen) solubility concentration during shrimp culture  

3.3 TAN Effect on Diatom Abundance 
TAN levels in dynamic research ponds is very fluctuating (Figure 2.). If observed, the fluctuation 

is similar to percentage fluctuations of diatom plankton dominance during the shrimp culture period 

(Figure 1). Similar fluctuations were seen at weeks 5 to 11 (Figure 3.). This condition is because the 

majority of plankton from the diatom genus are cosmopolitan. The effect of TAN solubility 

concentration on diatoms abundance in ponds was modeled by the regression equation y= 

2.210+32.411(R2=0.88;α0.00), meaning that 88% of the diatoms abundance in ponds was strongly 

influenced by TAN. Also, for every 1 mg/L increase of TAN concentration there will be an increase in 

the abundance of diatoms by 2.2% of the total plankton population. Diatom plankton have a high 

survival tolerance to changes in environmental conditions [25]. In pond ecosystems, the plankton 

abundance will increase and fluctuate with increasing of shrimp culture periods [33]. 

 

Figure 3. The relationship between effect of TAN (Total Ammonia Nitrogen) on diatom abundance  
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During the shrimp culture cycle plankton from the diatom, chlorophyceae, and chyanophyceae 

classes were dominant compared to other classes. Predominant plankton is a plankton genus that has a 

composition >10% of the total plankton composition in aquatic ecosystems [4]. The level of plankton 

dominance from the diatom, chlorophyceae, and chyanophyceae classes was followed by a higher 

diversity of genus structures from the three classes compared to other classes. This condition is 

triggered by the manipulation of plankton's environmental habitat [20]. 

In this study, diatoms, which belong to the predominant genus, are strongly influenced by the level 

of TAN solubility in ponds. TAN is a complex nutrient derived from waste from aquaculture 

ecosystems [10]. The TAN concentration itself will continue to increase and fluctuate when the shrimp 

culture period enters the age of >60 days [17]. In simpler terms, the diatom presence that are highly 

adaptive to dynamic of environmental fluctuations will last a long time because of the nitrogen 

compounds immobilization. Nitrogen compound are compounds whose immobilization is very strong 

due to the influence of other parameters [21]. 
 

4 Conclusion 
Based on the results of the study, it was concluded that the level of dominance by diatom abundance 

during shrimp culture period is strongly influenced by fluctuation of TAN concentration as the main 

nutrient element in ponds with a significance level of 88%. 
 

Acknowledgments 
On this occasion the author would like to special thanks for Mr. Henry Widjaya B.Sc and Mr. Ir. 

Junaedi Ispinanto as the owner and manager of Menjangan Mas Nusantara Comapany who 

collaborated with INVE Aquaculture for all the facilities, costs, time and opportunities to do research. 
 

References 
[1] APHA (American Public Health Association) 2006 Standart Methods for Examination of Water 

and Wastewater (New York: APHA-AWWA-WPVC Published) 

[2] Ariadi H, Fadjar M, Mahmudi M, Supriatna 2019 The relationships between water quality 

parameters and the growth rate of white shrimp (Litopenaeus vannamei) in intensive ponds 

AACL Bioflux 12(6) 2103-2116. 

[3] Ariadi H, Wafi A, Madusari B D 2021 Dinamika Oksigen Terlarut (Studi Kasus Pada Budidaya 
Udang) (Indramayu: Penerbit ADAB) 

[4] Arinardi O H, Trimaningsih S H, Riyono E, Asnaryanti 1995 Kisaran kelimpahan dan 
komposisi plankton predominan di sekitar Pulau Sumatra (Jakarta: Pusat Penelitian dan 

Pengembangan Oseanografi. Lembaga Ilmu Pengetahuan Indonesia (LIPI)) 

[5] Basmi H J 2000 Planktonologi: Plankton Sebagai Bioindikator Kualitas Perairan (Bogor: 

Institut Pertanian Bogor) 

[6] Bouvy M, Belieres A, Carre C, Got P, Pagano M, Agogue H, Bec B, Roques C, Bigot L, 

Chabanet P, Dupuy C 2022 Do microbial planktonic communities reflect the ecological 

changes of Glorieuses coral reefs (Iles Eparses, Western Indian Ocean)? Marine Pollution 
Bulletin 174 113218. 

[7] Boyd C E 1976 Nitrogen Fertilizer Effects on Production of Tilapia in Ponds Fertilized with 

Phosphorus and Potassium Aquaculture 7 385-390. 

[8] Boyd C E 2000 Water Quality An Introduction (New York: Springer Science+Business Media) 

[9] Budiardi T, Widyaya I, Wahjuningrum D 2007 Hubungan Komunitas Fitoplankton Dengan 

Produktivitas Udang Vaname (Litopenaeus vannamei) Di Tambak Biocrete Jurnal 
Akuakultur Indonesia 6(2) 119-125. 

[10] Burford M A, and Lorenzen K 2004 Modeling Nitrogen Dynamics in Intensive Shrimp Ponds: 

The Role of Sediment Remineralization Aquaculture 229 129-145. 

[11] Davidson K, Gowen R J, Harrison P J, Fleming L E, Hoagland P, Moschonas G 2014 

Anthropogenic Nutrients and Harmful Algae in Coastal Waters Journal of Environmental 
Management 146 206-216. 

[12] De Abreu J L, Brito L O, de Lima P C M, da Silva S M B C, Severi W, and Galvez A O 2019 

Effects of addition of Navicula sp. (diatom) in different densities to postlarvae of shrimp 

Litopenaeus vannamei reared in a BFT system: Growth, survival, productivity and fatty acid 

profile. Aquaculture Research 50 2231-2239. 

1



11th International and National Seminar on Fisheries and Marine Science
IOP Conf. Series: Earth and Environmental Science 1118 (2022) 012001

IOP Publishing
doi:10.1088/1755-1315/1118/1/012001

6

 

 

[13] Decamp O, Conquest L, Cody J, and Forster I 2007 Effect of Shrimp Stocking Density on Size-

fractionated Phytoplankton and Ecological Groups of Ciliated Protozoa within Zero-water 

Exchange Shrimp Culture Systems Journal of The World Aquaculture Society 38(3) 395-

406. 

[14] Edhy W A, Azhary K, Pribadi J, dan Chaerudin M K 2010 Budidaya Udang Putih (Litopenaeus 
vannamei.Boone,1931) (Jakarta: CV. Mulia Indah) 

[15] Gu B, Wang Y, Xu J, Jiao N, Xu D 2021 Water mass shapes the distribution patterns of 

planktonic ciliates (Alveolata, Ciliophora) in the subtropical Pearl River Estuary Marine 
Pollution Bulletin 167 112341. 

[16] Gunarto 2006 Apakah Nilai Reduksi dan Oksidasi Potensial Sedimen Tambak Berpengaruh 

Terhadap Produksi Udang windu di Tambak ? Media Akuakultur 1(3) 91-96. 

[17] Hariati A M, Aulaniam, Herawati E Y, Wiadnya D G R 2017 Effect of Immobilized Bacteria on 

TAN Suppression, Survival Rate, and Biomass Harvest of Pacific White Shrimp, 

Litopenaeus vannamei, Grown in Biofloc Culture System Nature Envirobment and Pollution 
Technology 16(4) 995-1002. 

[18] Iber B T, and Kasan N A 2021. Recent advances in Shrimp aquaculture wastewater 

management Heliyon 7 e08283. 

[19] Lestari D P, Ekawati A W, Maftuch 2014. Dried Skeletonema costatum in Feed Formulation for 

the Growth of Vaname Shrimp (Litopenaeus vannamei) Journal Experimental Life Science 
4(2) 45-49. 

[20] Levine S N, Borchardt M A, Braner M, and Shambaugh A D 1999 The Impact of Zooplankton 

Grazing on Phytoplankton Species Composition and Biomass in Lake Champlain (USA-

Canada) Journal Great Lakes Research 25(1) 61-77. 

[21] Masuda S, Sato T, Mishima I, Maruo C, Yamazaki H, Nishimura O 2021 Impact of nitrogen 

compound variability of sewage treated water on N2O production in riverbeds Journal of 
Environmental Management 290. 112621. 

[22] Nurhatijah N, Muchlisin Z A, Sarong M A, and Supriatna A 2016 Application of Biofloc to 

Maintain The Water Quality in Culture System of The Tiger Prawn (Penaeus monodon) 

AACL Bioflux 9(4) 923-928. 

[23] Odum E P 1971 Fundamental of Ecology (London: W.B. Saunders) 

[24] Osien M N, and Cohen R A 2020 Mixtures of tetrakis hydroxymethyl phosphonium chloride 

and ammonium influence plankton community structure in blackwater pond mesocosms 
Emerging Contaminants 6 62-71. 

[25] Prihatini E S, dan Husen 2012 Keanekaragaman Plankton Di Kawasan Mangrove Desa Labuhan 

Kecamatan Brondong Kabupaten Lamongan GROUPER Jurnal Ilmiah Fakultas Perikanan 

11-18. 

[26] Primavera J H 1993 A Critical Review of Shrimp Pond Culture in The Philippines Reviews in 
Fisheries Science 1(2) 151-201. 

[27] Sabu E A, Gonsalves M J, Nazareth D, Sreepada R A 2022 Influence of environmental variables 

on methane related microbial activities in a tropical bio-secured zero-exchange shrimp 

culture system Aquaculture Reports 22 100950. 

[28] Sanders J 2004 Phytoplankton & Climate Change: Model Shows Long-Held Constant in Ocean 
Nutrient Ratio May Vary as Ecological Conditions Change (Georgia: Georgia Institute of 
Technology) 

[29] Supono 2015 Manajemen Lingkungan Untuk Akuakultur (Yogyakarta: Plantaxia) 

[30] Utojo 2015 Keragaman Plankton dan Kondisi Perairan Tambak Intensif dan Tradisional di 

Probolinggo Jawa Timur. Biosfera 32(2) 83-97. 

[31] Wafi A, Ariadi H, Muqsith A, Mahmudi M, Fadjar M 2021 Oxygen Consumption of 

Litopenaeus vannamei in Intensive Ponds Based on the Dynamic Modeling System Journal 
of Aquaculture and Fish Health 10(1) 17-24. 

[32] Wells M L, Trainer V L, Smayda T J, Karlson B S O, Trick C G, Kudela R M, Ishikawa A, 

Bemard S, Wulff A, Anderson D M, Coachlan W P 2015 Harmful Algal Blooms and 

Climate Change: Learning From The Past and Present to Forecast The Future Harmful Algae 

49 68-93. 

[33] Widigdo B, dan Wardiatno Y 2013. Dinamika Komunitas Fitoplankton Dan Kualitas Perairan 

Di Lingkungan Perairan Tambak Udang Intensif: Sebuah Analisis Korelasi Jurnal Biologi 



11th International and National Seminar on Fisheries and Marine Science
IOP Conf. Series: Earth and Environmental Science 1118 (2022) 012001

IOP Publishing
doi:10.1088/1755-1315/1118/1/012001

7

 

 

Tropis 13(2) 160-184. 

[34] Zhang Y, Ban X, Li E, Wang Z, Xiao F 2020 Evaluating ecological health in the middle-lower 

reaches of the Hanjiang River with cascade reservoirs using the Planktonic index of biotic 

integrity (P-IBI) Ecological Indicators 114 106282. 

[35] Zhang S, Liu H, Ke Y, and Li B 2017 Effect of the Silica Content of Diatoms on Protozoan 

Grazing Frontiers in Marine Science 4(202) 1-10. 

[36] Zhou L, and Boyd C E 2016 Comparison of Nessler, phenate, salicylate and ion selective 

electrode procedures for determination of total ammonia nitrogen in aquaculture Aquaculture 
450 187-193. 



oid:7918:39657434Similarity Report ID: 

19% Overall Similarity
Top sources found in the following databases:

2% Publications database Crossref Posted Content database

19% Submitted Works database

TOP SOURCES

The sources with the highest number of matches within the submission. Overlapping sources will not be
displayed.

1
Universitas Riau on 2023-05-07 9%
Submitted works

2
Forum Perpustakaan Perguruan Tinggi Indonesia Jawa Timur II on 202... 2%
Submitted works

3
Universitas Jenderal Soedirman on 2023-05-22 1%
Submitted works

4
Universitas Riau on 2023-05-07 1%
Submitted works

5
Universitas Brawijaya on 2020-07-14 1%
Submitted works

6
Universitas Brawijaya on 2019-06-01 1%
Submitted works

7
Universitas Brawijaya on 2019-10-29 <1%
Submitted works

8
Indian Institute of Technology, Madras on 2016-06-01 <1%
Submitted works

9
Forum Perpustakaan Perguruan Tinggi Indonesia Jawa Timur II on 202... <1%
Submitted works

Sources overview



oid:7918:39657434Similarity Report ID: 

10
Universitas Palangka Raya on 2023-06-27 <1%
Submitted works

11
UIN Sultan Syarif Kasim Riau on 2022-09-25 <1%
Submitted works

12
Universitas Brawijaya on 2020-07-16 <1%
Submitted works

13
Universitas Tidar on 2022-08-30 <1%
Submitted works

Sources overview


