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Abstract

The studies on the effects of gutweed (Ulva intestinalis Linnaeus) in nutrient 

cycling and production of natural food for cultured black tiger shrimp (Penaeus monodon) were 

conducted in microcosms under two conditions; without shrimp rearing  and with shrimp rearing. 

The effect of gutweed under condition - without shrimp rearing was studied in a brackish water 

microcosm in which the sludge from shrimp pond was added on the bottom and 20 ppt saline water 

was added into the microcosm at 10 cm deep. The sludge was stirred once a week for 2 weeks in 

order to increase oxygen transfer and nutrient release from sludge. Gutweed was grown in the 

microcosms at two densities; 28 and 56 g/m2, in comparison with the control without gutweed. The 

effects of gutweed on changing of abiotic factors (water and sediment qualities) and biotic factors 

(living organisms) were determined -. The results showed that - raking of the shrimp pond sludge 

could stimulate releasing of nutrients which was sufficient to promote a growth of gutweed up to 40 

times of the initial stocks within 3 weeks resulting in higher chlorophyll a than that from 

phytoplankton and consequently effected in higher uptake of nutrients as well as a higher dissolved 

oxygen production from photosynthesis. The amounts of ammonia and nitrate were decreased while 

dissolved phosphorus was increased along with gutweed growth until- died off when the 

concentrations of ammonia and nitrate were lowest. This indicated that nitrogen is probably a 

limiting factor for growth of gutweed when sludge from shrimp pond was used as a source of 

nutrients. The biomass of gutweed was in a negative correlation with the amounts of total 

phosphorus and total ammonia in sediment indicating that the release of nutrients from sludge is an 

importance process to promote gutweed growth. Furthermore, the results also found the aggregation 

of chironomid larvae, mosquito larvae, nauplius of copepods and adult copepod especially 
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harpacticoid with the densed area of gutweed which these are natural food organisms suitably for 

support living and growth of the stocked shrimp larvae. The amount of these natural foods 

significantly showed a positive correlation with the biomass of gutweed. The results from this study 

indicate that gutweed in shrimp pond effect on changing of shrimp pond ecosystem providing a 

better environment and shelter of natural food organisms that are suitable for growth of shrimp. 

The experiment under shrimp rearing condition was also conducted to explain the 

effects of gutweeds on growth, stomach contents as well as transformation and budget of nitrogen 

and phosphorus in black tiger shrimp pond. The experiment was conducted in brackish water 

microcosms of which the sludge from shrimp pond and 125 liters (depth 5 cm) of brackish water of 16 

ppt were added into the microcosms. The sludge was also raked once a week for two weeks in order to 

increase oxygen transfer and nutrient release from sludge. The experiment was comprised of 3 

feeding regimes; without pelleted feed, with commercial pelleted feed, and without pelleted feed but 

planting gutweed (27 g/m2 for two weeks). Black tiger shrimp post larvae (PL20; average weight 

0.013 g/PL) were stocked into each microcosm at a density of 53 PL/m2 and cultivated for 5 weeks. 

The results showed that the raking of the sludge and  lowering of water depth could promote the 

production of natural foods to support shrimp (stocking density of 53 PL/m2) growth for 2 weeks 

without supplementary of pelleted feed and shrimps mainly showed a behavior of benthic 

scavenger. The plantation of gutweed provided additionally more productivity of natural foods to 

prolonging support shrimp growth for 4 weeks but shrimps changed feeding behavior to be water 

column scavenger. Moreover, the biomass of chironomid larvae significantly showed a positive 

correlation with shrimp growth. Shrimp fed with commercial pelleted feed still grew after 4 weeks 

because of a continuous feeding. The results from the study on transformation and budget of nitrogen 

and phosphorus showed that the gutweed could take up nutrients released from sludge and 

transformed to be natural foods. The net accumulation of nitrogen and phosphorus compounds in 

sediment was the lowest in gutweed plantation shrimp pond but the cycling of nutrients to shrimp 

production through the natural productivity was the highest. There was nitrogen accumulation from 

excess feed to sediment in shrimp pond that feeding with commercial pelleted feed and there was 

higher in excretion of nitrogen and phosphorus from shrimp resulting in degradation of  water and 

sediment qualities in shrimp pond. 
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Therefore the plantation of gutweed in the shallow water shrimp pond at the 

beginning of shrimp production cycle is probably one of the alternative ways to rehabilitate the 

ecosystem of shrimp pond to be suitable for black tiger shrimp culture leading to the environmental 

sound friendly and sustainability in shrimp culture.
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 3.8 /  2.4 /

 1.4 /  (FAO, 2010) 

2551  506,602 

808,300  42,751.7  (

, 2553) 

 (intensive 

shrimp culture) 

 (Páez-Osuna, 2001) 

 (eutrophication) 

 (Chua et al., 1989; Gowen et al., 1990; Phillips et al., 1991; Beveridge 

et al., 1994; Wu et al., 1994; Hargreaves, 1998; Naylor et al., 1998)

 (wastes) 
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 (Ulva intestinalis Linnaeus) 

 2 
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2549) 

 (microhabitat) 
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)
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3

1.  3

 (biotic factors) 

 (abiotic factors) 

2.

 3 

 3 

3.

 3 



4

 2 

2.1

-

 2531 

 ( , 2552) 

 2550  90.68 % 

 9.32 %  (  2-1)  1 

 2534 

 (Penaeus monodon)  2545 

 (Litopenaeus vannamei)

 (  2550) 

 508,445.595  97.17 %  2.74 % 

 (  2-2)

 (2552)   2550 

 30,311 

 12,059  39.78 

 7,500 

 8,799   29.03  

 6,202  20.46 
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 2-1

 2529 – 2550 ( , 2552) 

( )  ( ) %  ( ) %

2529 120,413 102,527 85.15 17,886 14.85 

2530 129,777 106,211 81.84 23,566 18.16 

2531 141,503 85,870 60.68 55,633 39.32 

2532 178,698 85,204 47.68 93,494 52.32 

2533 201,239 83,012 41.25 118,227 58.75 

2534 268,565 106,495 39.65 162,070 60.35 

2535 276,500 91,616 33.13 184,884 66.87 

2536 321,028 65,514 29.75 225,514 70.25 

2537 361,219 97,773 27.07 263,446 72.93 

2538 365,455 105,914 28.98 259,541 71.02 

2539 348,660 109,160 31.31 239,500 68.69 

2540 333,277 105,717 31.72 227,560 68.28 

2541 330,008 77,277 23.42 252,731 76.58 

2542 351,938 76,394 21.71 275,544 78.29 

2543 390,730 80,868 20.7 309,862 79.3 

2544 361,125 81,118 22.46 280,007 77.54 

2545 341,307 76,383 22.38 264,924 77.62 

2546 404,874 74,149 18.31 330,725 81.69 

2547 426,444 66,155 15.51 360,289 84.49 

2548 468,534 67,284 14.36 401,250 85.64 

2549 559,311 64,910 11.61 494,401 88.39 

2550 577,030 53,804 9.32 523,226 90.68 
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 2-2  ( )  ( )

 2529 – 2550 ( , 2552) 

2529 17,885.83 1,737.58 897.31 196.61 - - 

2530 23,566.47 3,449.32 10,544.16 2,017.65 - - 

2531 55,632.84 7,900.55 40,773.70 6,577.38 - - 

2532 93,494.50 11,072.19 81,491.68 10,128.26 - - 

2533 118,227.05 14,365.36 107,968.93 13,506.83 - - 

2534 162,069.69 19,834.11 155,069.29 19,227.39 - - 

2535 184,884.32 25,500.14 179,357.52 25,054.86 - - 

2536 225,514.30 32,425.34 219,900.12 31,938.82 - - 

2537 263,445.97 39,745.25 259,083.77 39,410.41 - - 

2538 259,540.54 39,544.65 255,890.07 39,244.22 - - 

2539 239,499.53 40,312.13 235,035.12 39,914.82 - - 

2540 227,560.24 49,104.51 223,551.18 48,674.38 - - 

2541 252,731.01 58,960.42 247,458.24 58,262.28 - - 

2542 275,543.88 67,127.50 271,019.18 66,557.52 - - 

2543 309,862.46 89,982.50 304,987.84 89,230.30 - - 

2544 280,006.61 65,145.24 274,330.00 64,156.07 - - 

2545 264,923.58 52,941.00 260,573.65 52,204.06 - - 

2546 330,724.51 43,582.87 194,909.47 29,884.32 132,364.31 13,308.97 

2547 360,289.10 44,753.22 106,884.17 15,161.63 251,698.11 29,384.35 

2548 401,250.00 45,978.67 26,055.52 4,018.46 374,486.80 41,844.68 

2549 494,401.00 50,674.86 13,986.00 1,659.86 480,061.00 48,962.62 

2550 523,226.24 48,504.48 14,317.64 1,484.80 508,445.60 46,939.87 
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-

 3  ( , 2552) 

 (Extensive)  (Semi-intensive)  (Intensive) 

1)

 25 

2)

 10-25 

 40,000 

3)

 1-10  3-5 

 1  1-2 

 2547  3  2548 

 2550  30,311 

 27,663  91.26% 

2,648  8.74%  427,551 

 351,049  82.11%  76,462 

17.89% ( , 2552) 

-

 (Montaya et al., 2000) 

(eutrophication) (Liao, 1992; Phillips et al., 1993; Stanley, 1993).
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 (Páez-Osuna, 2001) 

 polyculture 

 (Sandifer and Hopkins, 1996; Brown and Glenn, 1999; Brown et

al., 1999) 

2.2

 (bivalves) 

 (aerobic sediment) 

 nitrification 

 (anaerobic sediment)  denitrification 

(buried phosphorus)  (benthic 

microalgae)
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 (  2-1) 

 2-1 (bivalves) (newell, 2004 

 newell et al., 2002) 

-

 Heterotrophic microorganisms 

 (ammonification; 

)

 (

)  (NO3
-)  (NO2

-),  (N2O) 

 (N2)  (denitrification) 

 (Santschi et al., 1990)
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Tacon (1998) 

 (detritus)  nitrification 

 nitrification 

 denitrification (  2-2) 

 2-2  (Tacon, 1998) 
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 Songsangjinda  (2007) 

 (silvo-aquaculture) 

 (  2-3) 

 2-3

(Songsangjinda et al., 2007) 

-
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 (detritus)  (  2-

4)

 2-4  (Tacon, 1998) 

 (

, 2532)  (FePO4)

 (AlPO4)  (CaPO4) (Chien, 1989)  pH 
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 (2535)  (available phosphorus) 

 37.37-42.62 

Montoya  (2000) 

 sea bream Ulva lactuca

  9-21% 

 39-47%  (Krom et al.,

1995)

2.3

-  (biotic factors)

 (productivity) 

 (food web) 

 (Moriarty, 1997)

 (microalgae) 

-
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 (Alonso-Rodríguez and Páez-

Osuna, 2003)

 (postlarvae)  (juvenile) ) 

 (microalgae)   (copepod)  (detritus) 

(mollusk larvae)  2 

 (Fast, 1992)

 (macrofauna) 

 (meiofauna)  (polychaetes)  (amphipods) 

 (harpacticoid copepods)   meiobenthos 

(detritus)

 (GÓmez-Aguirre and Martínez-CÓrdova, 1998) 

 9  3 

Phylum  Phylum Arthropoda  5  (Order)  Order Diptera Order Cladocera 

Order Ostracoda Order Amphipoda  Order Copepoda Phylum Mollusca 

(bivalve)  (gastropod)   Phylum Annelida 

 (chironomid)  

 ( , 2551)

 (Natural Productivity) 

 modified extensive shrimp pond 

 6 

 (mysid) 

 1  3 

Brachionus

plicatilis, Keratella spp., Pseudodiaptomus annandalei, Paracalanus aculetaus, Oithona

brevicornis, Microstella norvegica Mesopodopsis zeylanica (Moorthy and Altaff, 2002) 
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-  (abiotic factors) 

 (2537) 

 (Wickins, 1985) 

 (Wajsbrot et al., 1989) 

LC50  (NH3)  0.77 ./ .

 application factor = 0.1  (Chen et al., 1990) 

 0.675 ./ .

 2.6 ./ .

 LC50

 (Wang, 1990)  13-32% 

 75% (Wickins, 1985)  50 

/ . .  25-30 /

. .

 ( , 2535) 



16

Madenjian (1990) 

 (water column)  45% 

 10% 

 0.8-1.2 

./ ./ .

 (4 ./ .)

 Erez  (1990) 

 10 

 (2536) 

 (soil nutrients) 

 (282.7 ./ .)  (103.9 ./ .)

 (25.5-33.7 ./ .)
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 (Schober et al.,

2007)

2.4

-

  (Vashishta, 1983; Guiry and Guiry, 2011)

Division Chlorophyta 

 Class  Chlorophyceae 

 Order  Ulvales 

 Family  Ulvaceae 

 Genus  Ulva

 Species  intestinalis

 (thallus) 

 2  (  2-5) 

 (Lewmanomont and Ogawa, 1995) 

 1  (single layer) 

 rhizoid  

 (Vashishta, 1983) 

 1 

 (Lewmanomont and Ogawa, 1995) 

 20 

 (gametes)  gametophyte 

 2  (zygote) 

mitosis  sporophyte  meiosis 
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quadriflagellate spores  meiozoospores  gonozoospores 

 (gametes)  (Vashishta, 1983)

 2-5

-

 2°C – 

30°C 

 (Sze, 1986) 

 (Lewmanomont and Ogawa, 1995)   

 (Martins et al., 1999) 

 (Fong et al., 1998) 
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Kamer  Fong (2001)

 supralittoral rock pools 

 orange 

harpacticoid copepod (Tigriopus brevicornis)  chironomid larva (Haocadius fucicola)

 rockpool T. brevicornis

 200-300 

 supralittoral rockpool  2-3  (McAllen, 1999) 

 (higher 

trophic levels) (Kwak and Zedler, 1997)    Martins  (1999) 

2.5.

-

Angsupanich  (1999) 

banana prawns 2 

 2  ( )

 ( ) Penaeus indicus

Penaeus merguiensis  7  (frequency of 
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occurrence)  (bivalves) 56-89%,  (gastropods) 44-83%, 

(amphipods) 16-71%,  (polychaetes) 4-29%,  (foraminiferans) 20-44%, 

 (plant tissue) 25-52%  (diatoms) 4-23% 

 (frequency of 

occurrence)  (numerical composition) 

 (  2-3  2-4)

 Nandakumar  Damodaran (1998) 

Metapenaeus monoceros (Fabricius) 

 (juvenile)  (adult) 

M.  monoceros (Fabricius) 

 (carnivorous) 
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 2-3 Penaeus indicus

. . 1994 (Angsupanich et al., 1999) 

Food item Frequency of occurrence (%) Numerical composition (%)

July Dec Mean July Dec Mean

Bivalvia  

    Unidentified species 81.3 56.0 68.6 42.0 23.2 32.6

Gastropoda  

    Unidentified species 43.8 76.0 59.9 9.8 40.5 25.1

Crustacea

    Amphipoda 70.8 16.0 43.4 35.1 7.8 21.4

    Brachyura 2.1 0.0 1.0 0.1 0.0 0.0

    Isopoda 4.2 0.0 2.1 0.2 0.0 0.1

    Mysidacea 2.1 0.0 1.0 0.3 0.0 0.2

Foraminifera  

    Unidentified species 39.6 20.0 29.8 4.9 5.0 4.9

Polychaeta

    Unidentified species 4.2 24.0 14.1 0.1 4.6 2.4

Bacillariophyceae

    Unidentified species 14.6 4.0 9.3 1.0 1.3 1.2

Others  

    Plant tissue 25.0 52.0 38.5 4.0 11.3 7.6

    Unidentified egg 0.0 8.0 4.0 0.0 6.3 3.1

    Fish scale 4.2 0.0 2.1 2.6 0.0 1.3
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 2-4 Penaeus merguiensis 

. . 1994 (Angsupanich et al., 1999) 

Food item Frequency of occurrence (%) Numerical composition (%)
July Dec Mean July Dec Mean

Bivalvia  
    Unidentified species 89.1 72.4 80.7 49.2 34.9 42.0
Gastropoda  
    Unidentified species 52.0 82.9 67.5 12.7 37.7 25.2
Crustacea
    Amphipoda 64.3 28.5 46.4 22.7 8.7 15.7
    Brachyura 2.7 2.4 2.6 0.1 1.3 0.7
    Cirripedia 0.0 0.8 0.4 0.0 0.5 0.2
    Copepoda 2.2 2.4 2.3 0.5 0.2 0.3
    Isopoda 5.5 0.8 3.1 0.6 0.1 0.3
    Mysidacea 0.5 0.0 0.3 0.0 0.0 0.0
Foraminifera  
    Unidentified species 43.6 30.9 37.2 6.0 2.7 4.3
Polychaeta
    Unidentified species 7.6 29.3 18.5 1.0 8.7 4.9
Bacillariophyceae
    Unidentified species 22.9 4.9 13.9 2.5 1.1 1.8
Nematoda  
    Unidentified species 0.0 1.6 0.8 0.0 0.1 0.1
Others  
    Plant tissue 31.6 35.0 33.3 4.0 3.4 3.7
    Unidentified egg 0.0 0.8 0.4 0.0 0.8 0.4
    Fish scale 2.2 0.0 1.1 0.7 0.0 0.4

-

 modified 

extensive shrimp pond  Moorthy  Altaff  (2002) 

 (sand grains)  (zooplankton)  (pellet food) 

 (unidentified food)  43%, 16%, 21% 

 20% 
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Focken  (1998) 

 19 

 6, 11  16 

 1  6 

 28.9%  42.3%  1.8% 

 27%   11  47.5%, 21.1%, 

22.8%  8.6%  16  21.7%, 34.3%, 31.7%,  12.9% 

 1 

 6 

 4 ./ .

  Nunes  (1997)  brown shrimp (Penaeus

subtilis)

 stomach contents 

 (biota)  15.61% 

 24.91%  carbon growth  (75.09%) 

 (polychaetes)  80.83% 

 (detritivorous) 

 (carnivorous) 

 brown shrimp  benthic omnivorous

  Martinez-Cordova  (2003) 

 (blue shrimp, Litopenaeus stylirostris)

 (white shrimp, Litopenaeus vannamei)  microcosms 

 (250 ./ . crude protein, LP),  

(450 ./ . crude protein, HP) 

 (zooplankton  benthos, VP) 

 FCR 

 LP  VP  HP 
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 (zooplankton  benthos) 

 2 

2.6.

-

 (  2-6) 

 78% 

 16% 

4%   2%  24% 

 18%  27% 

 30% 

 2-6  (Funge-Smith and 

Briggs, 1998) 
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 (2547) 

 337-366  705-842 ./

 2-4 

 (  2-7) 

 2-7  ( )  ( ) (  Net 

accumulation  2 .

 FCR = 3.8) ( , 2547) 

Shrimp

Water

Growout pond

Sediment  

Harvested shrimp     
30.93

Feed remain and metabolic 
wastes   163.94

Harvesting effluent    
25.08

Growing effluent     
180.17

Feed     
194.84 

Shrimp   0.03 
larvae   

Settlement  
366.04

Sediment net flux   

336.96

Initial  
water     6.24 
Added   64.15 
water

N2 loss 49.08

Net accumulation -20.11

Unit of process: kgN/ crop

     Shrimp  larvae   Shrimp 

Water 

Growout pond 

      Sediment 

Harvested

Feed remain  
and metabolic 
wastes  Growing effluent  

Feed      

Settlement  Sediment net 

Initial water     
Add/Recycle water   

Harvesting effluent  

Water 

Settlement  
Sediment  

net flux 

     Sediment  

Initial
water    

Harvesting 
effluent      

Treatment pond   

N2 loss

( )

( )
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-

 51%   26% 

 10%  84%  6% (  2-8) 

 2-8  (Funge-Smith and 

Briggs, 1998) 

  Funge-Smith  Briggs (1998) 

 Teichert-Coddington  (2000)  63% 

 36% 

 51%  47%  7% 

 31% 

 2.25 /

 690 /

 (Smith, 1996)
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 3 

 (Ulva intestinalis Linnaeus) 

 (abiotic factors) 

(Ulva intestinalis Linnaeus) 

 (abiotic factors) 

 (brackish water microcosm)  20 

 10 

 1  2  28 

56  (T2  T3 )  (T1) 

 40  3 

 0.52 ± 0.15  0.44 ± 0.10 

 T2  T3 
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Effects of gutweed (Ulva intestinalis Linnaeus) on changing of abiotic factors

in the ecosystem in brackish water microcosms 

Abstract

The effects of gutweed (Ulva intestinalis Linnaeus) on changing of abiotic factors 

in the shrimp pond ecosystem was conducted in a brackish microcosm of which sludge from 

shrimp pond was added onto the bottom and brackish water of salinity 20 ppt was also added into 

the microcosm to the level of 10 cm. The sludge was raked once a week for two weeks in order to 

increase oxygen transfer and nutrient release from sludge. Gutweed was grown in the microcosms 

at two densities, 28 and 56 g/m2 (T2 and T3, respectively), in comparison with the control 

microcosms (T1) without gutweed. Results from the study showed that the amount of nutrients 

released from sludge were sufficient to promote a growth of gutweed up to 40 times of the initial 

stocks within 3 weeks. Gutweed in T2 and T3 died after 3 weeks because of low DIN:DIP ratio 

about 0.52 ± 0.15 and 0.44 ± 0.10 respectively. This indicates that nitrogen is probably a limiting 

factor to promote growth of gutweed in the system using sludge from shrimp pond as a source of 

nutrients. Under the same condition, a primary productivity from gutweed was higher than that 

from phytoplankton resulting in higher uptake of nutrients as well as higher dissolved oxygen 

level observed in T2 and T3, which clearly indicates the improvement of ecosystem from 

anaerobic condition at the beginning to the aerobic condition at the end of the study. Results from 

this study indicate that using of gutweed in shrimp pond affects the changing of abiotic factors in 

shrimp pond ecosystem providing a better environment suitable for growth of the stocked shrimp 

larvae.
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  ( , 2536) 

Smith (1996) 

 2.25 ./ .  690 ./ .

 (soil nutrients) 
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 Boyd et al. (2002) 
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phenol blue (Sasaki and Sawada, 1980)  Diazotization (Bendschneider and 

Robinson, 1952)  Cadmium reduction method 

(APHA, 1985)  Diazotization 

 (Total dissolved nitrogen) 

 (Hansen and Koroleff, 1999) 

 Whatman GF/F (  25 .  Pre-combustion  450°C 

 4 .)  950°C  CHN analyzer 

LEGO  CHN-900  =  + 

 Phospho-molybdate (Strickland 

and Parsons, 1972) 

 (Hansen and Koroleff, 1999) 

 =  – 

 (Suspended particulate matter) 

 (Gravimetric method)  GF/C  110°C  2 

.

 110°C  2 .

 1  2 

 ( )

 2N KCl  50 .

 200 .  Whatman No. 1 
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. / .

 (Total nitrogen: TN) 

 70°C 

 8-10 .  950°C 

 N2  CHN 

analyzer  LEGO  CHN-900 

 (Total phosphorus : TP) 

 550°C  4 .

 3 

. / .

4.

 General Linear Model  Repeated Measures 

 SPSS Version 16.0

 (Multiple Linear Regression analysis) 

 Stepwise 

 SPSS  Variance of Inflation (VIF)  4 

 (Multicolinearity) (Kutner   

et al., 2004) 
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 2  2 

 40  3 

 (eutrophic waters) (Messyasz and Rybak, 2008) 

 0.52 

± 0.15  0.44 ± 0.10  T2  T3 

Kamer  (2004) 

 7.57 – 11.92  Fong 

 (2004)  600 : 60 

 10 

 (limiting factor) 

 2 

 (partial R2  0.23  0.1 )  < 0 

 Fong  (2004) 
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Effects of gutweed (Ulva intestinalis Linnaeus) on changing of biotic factors 

in the ecosystem in brackish water microcosms 

Abstract

A study on the effects of gutweed (Ulva intestinalis Linnaeus) on shrimp pond 

ecosystem changing was conducted in a brackish water microcosm, in which the sludge from 

shrimp pond was added on the bottom. Twenty ppt saline water was added into the microcosm at 

10 cm deep and the sludge was stirred at weekly intervals for 2 weeks to increase oxygen transfer 

and nutrient release from sludge. Gutweed was grown in the microcosms at two densities; 28 and 

56 g/m2 (T2 and T3, respectively), and compared to the control (T1) without gutweed. Result from 

the study showed that chlorophyll a from gutweed was higher than that from phytoplankton. The 

ratio of chlorophyll a in gutweed:chlorophyll a in phytoplankton reached the highest in the 28th

day accounted for 256.3 and 656 times in T2 and T3, respectively, which indicated a higher 

nutrient uptake and higher dissolved oxygen level from photosynthesis. Furthermore, gutweed also 

played effect on production natural food as well as providing of shelter and habitat for chironomid 

larvae, mosquito larvae, nauplius of copepods especially harpacticoid of which these natural foods 

are suitable for supporting growth of shrimp larvae. The amount of these natural foods showed 

positive correlation to the biomass of gutweed. Thus, results from this study indicate that using of 

gutweed in shrimp pond affects the changing of biotic factors in shrimp pond ecosystem providing 

of natural foods, shelter and habitat that is suitable for growth of shrimp larvae. 
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 (  4-3) 

 (P<0.01) 

(  4-4) 

 (Chironomid 

larva)  Phylum Arthropoda Class Insecta Order Diptera Family Chironomidae 

 7 

 T1  42  41,267 / . .

 T2  T3  35 

 37,907  95,757 / . .

 42  (  4-

2)

 : 

 0.1  0.6  21  1.6  9.1  35 

 T2  T3 

 (  4-3) 

 (P>0.05) 

 T1 

 T2  T3  T3 
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 T2  T1  (  4-2) 

(P<0.01) 

 4-3

*

 F  F  F 

7.22 0.03* 57.87 <0.01** 3.89 <0.01**

7.76 0.02* 14.34 <0.01** 7.29 <0.01**

2.42 0.17 36.85 <0.01** 5.34 <0.01**

1.09 0.40 10.98 <0.01** 1.38 0.22

29.12 <0.01** 17.63 <0.01** 12.45 <0.01**

24.61 <0.01** 19.47 <0.01** 12.73 <0.01**

5.35 0.05* 9.05 <0.01** 1.60 0.14

24.58 <0.01** 25.76 <0.01** 17.23 <0.01**

23.96 <0.01** 24.63 <0.01** 16.05 <0.01**

0.43 0.67 3.15 0.01** 0.63 0.81

2.23 0.19 1.87 0.11 1.73 0.10

2.32 0.18 1.80 0.13 1.72 0.10

10.92 0.01** 16.6 <0.01** 6.27 0.03*

1.53 0.29 135.45 <0.01** 0.76 0.68

35.84 <0.01** 62.95 <0.01** 4.05 <0.01**

1.40 0.31 160.71 <0.01** 0.87 0.58

 4-4

VIF partial R2 R2 F Sig. level
 94268.9

 20.1 1.17 0.53 0.72 34.37 <0.01
 -217.56

 6.60 1.0 0.56 0.56 54.83 <0.01
 -331.78

 0.71 1.0 0.54 0.54 51.23 <0.01
 -375.37

 1.38 1.0 0.32 0.32 20.56 <0.01

VIF =  variance of inflation 
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 2  2 

 56 ./ . .  28 ./ . .

 40  3 

 (Burford and Lorenzen, 2004) 

 T1  10.6 - 

41.4 . .

 325.6 – 8,846.9 . .

 ( , 2527) 

 :  28  T3  656 

 Fong  (1996) 

 (2543) 

Caulerpa lentillifera

 (Burford and 

Lorenzen, 2004) 

 detritus food chain 
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 (  4-3) 

 McAllen (1999) 

 rockpool 

 (T. brevicornis)  200-300 

 supra-littoral rock pool 

2-3

 (Wilson and Yeatman, 1959 , 2541)

Primavera  Lebata (1995)  Penaeid 

(Penaeus monodon)

 Tsutsui  (2010)  (early age juveniles) 

Chaetomorpha ligustica

Moriarty (1997) 

 (food web) 
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1.

2.
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 5 

 3  (T1), 

 (T2)  (T3) 

 16  125 

 (  5 .)

 1  2 

 T3  27 / . .  2 

 20  0.013 /

53 / . .  5 

4  T1  T2  T3 

(p<0.05)  T2  T3  (p>0.05) 

 (  T3), 

plants debris, Microcystis sp., copepod,  ( , ),

(Pleurosigma sp., Navicula spp.),  (Brachionus sp., Colurella sp.),

(Zoothamnium sp.), /  unknown egg 

 (frequency of occurrence) 

 90% 

 (numerical composition)  T1  (34.5±19.9%) 

 T2  (33.4 ± 22.9%)  T3 Navicula spp.  (41.3 

±19.9%)

 (partial R2 = 0.43) 

 53 / . .
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 2 

 4 
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Growth and stomach content of black tiger prawn (Penaeus monodon)

cultivated under difference feeding regimes 

Abstract

The study of growth and stomach content of black tiger shrimp (Penaeus

monodon) cultivated under 3 feeding regimes; no pelleted feed (T1), with commercial pellet feed 

(T2) and no pellet feed+gutweed plantation (T3), was conducted in brackish water microcosms of 

which the sludge from shrimp pond and 125 liters (lowering of water level to the depth of 5 cm) of 

brackish water at 16 ppt were added into the microcosms. The sludge was raked once a week for 

two weeks in order to increase oxygen transfer and nutrient release from sludge. Gutweed was 

grown in the T3 microcosms at density of 27 g/m2 for two weeks, then, black tiger prawn postlarva 

(PL20; average weight 0.013 g/PL) were stocked into each microcosm at a density of 53 PL/m2

and cultivated for 5 weeks. Result from the study showed that the growth of shrimp in T1 at the 

end of 4th week cultivation was significantly lower than that of T2 and T3 (p<0.05) while there 

was no significant difference (p>0.05) between growth in T2 and T3. The result of stomach 

content of shrimps from all treatments showed that it consisted of gutweed (only in T3), plants 

debris, Microcystis sp.,  copepod, insect larvae (mosquito larvae, chironomid larvae), benthic 

diatom (Pleurosigma sp., Navicula spp.), rotifer  (Brachionus sp., Colurella sp.),  protozoa 

(Zoothamnium sp.), detritus/pellet and unknown egg. Copepod showed the highest frequency of 

occurrence (>90%) in all treatments relating to it’s density and availability throughout the study 

period. The highest in numerical composition of the contents in shrimp stomachs were detritus 

(34.5±19.9%) in T1, copepod (33.4 ± 22.9%) in T2 and Navicula spp. (41.3±19.9%) in T3. The 

result from multiple regression analysis showed that shrimp growth was significantly related to the 

amount of chironomid larvae in the microcosms (partial R2 = 0.43) although it was seldom found 

in shrimp stomach. The result from this study indicate that when shrimp was stocked at the level 

of 53 individual/m2, the method of pond preparation by raking of the bottom sediment and  

lowering of water level could promote the natural foods to support shrimp growth for 2 weeks 

without feeding any pelleted feed and shrimp mainly showed a behavior of benthic scavenger. The 

plantation of gutweed provided additionally more natural foods to prolonging support shrimp 
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growth for 4 weeks and shrimp mainly showed a behavior of water column scavenger resulting in 

an ecosystem suitably for habitat and promotion of good growth equitably to the feeding of 

commercial pellet.
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 Dall 

(1968)  Penaeidae  5 

 (detritus feeders)  (omnivorous scavengers) 

 Penaeidae Metapenaeus monoceros (George, 1974; 

Subrahmanyam, 1973;Rao, 1988),  North-American penaeid P. setiferus, P.

azetecus P. duorarum (Williams, 1955;Eldred et al., 1961)  Penaeus 

(Nandakumar and Damodaran, 1998) 

 (Penaeus monodon)  Penaeidae 

 (Kuttyama, 1974;Motoh, 1981)  Moorthy 

Altaff  (2002) 

 (modified extensive shrimp pond) 

 sand grains 

 (2551) 
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 3 ,

 3 

1.

 1.5  1.5  0.7  3 

 1  0.1 

 16  125 

 (Boyd et al., 2002) 

 1 

 1 
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2.

 (Repeated measurement 

experiment) (Field, 2008)  3 

 1 

 2 

 3 

 2 

 3  60  (27 ./ . .)  2 

 (Postlarva) 20  0.013 /

120  85,000 /  (53 / . .)

 1  3  2 

 2  1,000  100,000  07.00, 11.00, 15.00 

19.00 . ( )

3.

 1  10 

WSt – WSt-1
ADG  = 

t

 ADG =  ( ./ ), WSt = 

 t ( .), WSt-1 =  t-1 ( .)  t = 

 1  (7 )

4.

 1  4 

 22  10%           

 ( , 2541)

Illustration of the Marine Plankton of Japan (Yamaji, 1979)  Introduction to the Common 
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Marine Zooplankton of Peninsular Malaysia (Arvin, 1977)  Entomology (Gillott, 

1995) Navicula Pleurosigma

 ( , 2542) 

/ /

 (

)  1 

 3 .

 10% 

 20-100 

 (

)  ( )

ZooWs × W BenWs × W 
ZooW = 

Ws × V 
, BenW =

Ws × A 

 ZooW  BenW =  ( / .)  ( /

. .)  ZooWs  BenWs = 

 ( / .) W = 

 ( .) Ws=  ( .) V  A= 

( .)  ( . .)

 1 

 3  3 .  1 

WP x WS0

WS
t

0
- WP0

WG = 
t

 WG =  ( ./ ) WP0=

 ( .) WS0=  ( .) WSt=

 t ( .) t =  (7 )
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 1 15 x 15 

 ( 0.0225 . .)

 420 

 10%  Entomology (Gillott, 1995) 

 The Insects: An Outline of Entomology (Gullan and Cranston, 2005)

 (benthic diatom) Navicula Pleurosigma

 2.9 .

 3  10 % 

 22  (

)

10 %  ( / . .)

5.

 1  10  (07.00-

08.00 .)  (  +  + )

 10 % 

10 % 

 ( , 2548) 

100 × Np 
 (frequency of occurrence) = 

N'

 Np  p, N'
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 (numerical composition) 

 (  Angsupanich, 1999) 

 2 

 plant cell 

detritus/pellet

 ( )

 carapace  1  1 ,

 1  1 

 50%  1  1  1 

Brachionus, Colurella  1  1 

Navicula, Pleurosigma Zoothamnium  1  1 

 ( , 2548) 

100 x pi
 (numerical composition)  = 

P

 pi  i,  P

6.

(Repeated Measurement Experiment) (Field, 2008) 

 (Analysis of Variance: 

ANOVA)

 General Linear Model  Repeated Measures 

 (Multiple Linear Regression analysis) 

 Stepwise 

 (Multi-colinearity) 

 Variance of Inflation (VIF)  4 

 SPSS Version 16.0 (Kutner et al., 2004) 
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 0.013  5 

 0.411 ± 0.020, 0.976 ± 0.285  0.635 ± 0.205 

 5  0.001±0.002, 0.055±0.030  0.009±0.026 

 1, 2  3  (  5-1) 

 1  2  5 

 2  5 

 3  4 

5 (  5-1) 

0.000

0.010

0.020

0.030

0.040

0.050

0.060

0 1 2 3 4 5

T1 T2 T3

( )

 (
./

)

 5-1  3 

(T1 = , T2 = , T3 = 

, )
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 repeated measures  

 (P<0.05) 

 4  1 

 2  3  (P<0.05)  5 

 1  2  (P<0.05) 

 3  1  2 (P>0.05) 

 (  5-1) 

 5-1 

 5  repeated measures (mean ± SD, n=10) 

 ( )

0 1 2 3 4 5

1 0.013±0.000 0.030±0.000 0.177±0.011 0.300±0.046 0.404±0.034a 0.411±0.020a

2 0.013±0.000 0.029±0.000 0.224±0.048 0.374±0.084 0.589±0.092b 0.976±0.285b

( ./ )
3 0.013±0.000 0.024±0.000 0.178±0.012 0.375±0.042 0.574±0.027b 0.635±0.205ab

1 0.000±0.000 0.002±0.000 0.021±0.002 0.018±0.006 0.015±0.020a 0.001±0.002a

2 0.000±0.000 0.002±0.000 0.028±0.007 0.022±0.006 0.031±0.020b 0.055±0.030b

( ./ ) 3 0.000±0.000 0.002±0.000 0.022±0.002 0.028±0.008 0.028±0.009b 0.009±0.026ab

 : 

 (P<0.05) (T1 = , T2 = , T3 = 

)

 (  5-2)  Phylum Arthropoda  3 

Order  Order Diptera (  : Mosquito larva) Order Cyclopoida (Cyclopoid copepod) 

 Order Harpacticoida (Harpacticoid copepod)  Phylum  Rotifera 3 

Brachionus sp., Colurella sp. Lecane sp.  Phylum Protozoa 1 
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Euplotes sp.  Phylum Nematoda 1 

 (  5-2) 

 Cyclopoid  copepod  Harpacticoid copepod  Harpacticoid copepod 

 3  1  3 

Brachionus sp.  1  2 

 2  5  3 

 2, 4  5 Colurella sp.  1 

3  2  5  3 

Lecane sp.  3 

 4  2  5 

 (Nematoda)  3  (  5-2) 

 (benthic diatom) 2 Navicula Pleurosigma

 Division Heterokontophyta Class Bacillariophyceae Order Naviculales Family 

Naviculaceae  Family Pleurosigmataceae Navicula

Navicula  3  1  2 

Pleurosigma  3  2 

 (  5-2) 

 2  (  5-2) 

(Chironomid larvae)  Phylum Arthropoda Class Insecta Order Diptera Family Chironomidae 

Genus Chironomus  1

 2  3  1 

 2  5 

 Phylum Nematoda 
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 (benthic diatom) 2 Navicula

Pleurosigma Navicula

 (  5-2) 

3

 10 

93.3±14.9, 94.0 ±8.9  96.0±8.9 % (  5-3)  (  5-4) 

11.4±17.2, 33.4±22.9  18.8±12.6%  1, 2  3 

 73.1±23.0, 83.2±9.9  81.7±16.8 % 

2.0±1.8, 6.2±5.5  1.6±1.0%  1, 2  3 

 benthic diatom Pleurosigma sp. 

Navicula spp.  1 Pleurosigma sp. 

 (63.6±33.5  13.7±16.8 %)  3 

Navicula spp.  (72.8±29.2  41.3±19.9%)

 1  2 

/  (  76.6±24.9  82.6±10.0% 

 34.5±19.9  26.2±4.2%  1  2 )

 1 Brachionus sp. Colurella sp. 

 3 

 31.1±24.3%  2.4±1.7% 

 (27.3±12.1, 10.3±10.8  31.6±24.9% )

 (0.5±0.5, 0.3±0.3  0.3±0.4%) Microcystis sp. 

 1 (28.7±25.9  8.0±9.0%) 

 2  (6.2±9.1  3.3±4.6%)  3 (5.2±7.5  0.5±0.8%) 

, Zoothamnium sp.  unknown egg 



80

 5
-2

 (
 (

/
.),

 (
/

.))
 (

 (
/

.
.),

(
/

.
.))

 

(
)

0
1

2
3

4
5

T1
T2

T3
T1

T2
T3

T1
T2

T3
T1

T2
T3

T1
T2

T3
T1

T2
T3

wa
ter

Ch
iro

no
m

id
 la

rv
ae

 
0

0
1

0
0

23
0

0
0.

4
0

0
0

0
0

0
0

0
0

M
os

qu
ito

 la
rv

ae
+e

gg
 

61
87

68
32

98
52

23
58

43
5

50
25

23
40

28
27

1
13

To
tal

 co
pe

po
d 

13
7

16
3

22
0

73
20

48
7

15
10

50
1

34
8

3
45

0
33

13
5

80
6

80
10

2
49

1

- C
yc

lo
po

id
 

10
8

12
8

28
70

15
21

7
15

10
16

4
0

3
99

12
65

84
0

0
15

- H
ar

pa
cti

co
id

 
0

0
10

0
0

45
0

0
10

6
13

0
11

8
0

0
91

0
0

23

- n
au

pl
iu

s 
29

35
18

2
3

5
22

5
0

0
23

1
33

5
0

23
3

21
70

63
2

80
10

2
45

3

Br
ac

hi
on

us
 sp

.
0

0
0

0
0

6
2

0
0

3
0

0
2,

75
0

0
73

4,
60

5
4,

11
2

11
2

Co
lu

re
lla

 sp
.

0
0

4
0

0
80

0
0

10
0

13
3

0
23

8
1,

72
9

0
53

6
17

8
36

6
1,

25
4

Le
ca

ne
sp

.
0

0
0

0
0

0
0

0
29

0
0

19
0

0
22

0
0

11

Eu
pl

ot
es

sp
.

0
0

0
0

0
0

0
0

0
0

0
0

0
50

8
0

6,
63

1
42

8
93

Ne
m

ato
da

0
0

20
7

0
0

1,
04

2
0

0
18

5
0

0
11

4
0

0
8

0
0

36

Na
vic

ul
a

sp
p.

20
3

16
1

46
,6

54
60

60
11

9,
61

8
75

0
60

66
,3

12
3,

18
0

25
5

71
,1

64
4,

30
0

15
0

22
,6

98
32

5
27

9
87

,9
40

Pl
eu

ro
sig

ma
 sp

.
0

0
1,

71
1

0
0

1,
08

2
0

0
62

2
88

,4
78

11
0

1,
40

0
67

,9
12

9,
82

5
22

,2
68

92
,5

14
53

,6
48

28
5,

56
3

be
nt

hi
c

Ch
iro

no
m

id
 la

rv
ae

 
4,

97
3

3,
63

3
3,

84
7

3,
92

0
4,

53
3

7,
28

0
80

90
7

58
7

10
7

80
80

53
27

27
0

0
0

Ne
m

ato
da

1.
8×

10
7

1.
1×

10
7

4.
5×

10
7

2.
3×

10
6

4.
7×

10
6

7.
1×

10
6

7.
1×

10
6

2.
2×

10
6

1.
5×

10
7

7.
1×

10
6

4.
9×

10
6

6.
6×

10
6

1.
3×

10
7

1.
8×

10
6

3.
8×

10
6

1.
1×

10
7

1.
6×

10
6

1.
4×

10
6

Na
vic

ul
a

sp
p.

5.
4×

10
7

4.
6×

10
7

3.
6×

10
7

2.
1×

10
7

3.
5×

10
7

3.
5×

10
7

7.
6×

10
6

6.
6×

10
6

7.
6×

10
6

3.
9×

10
7

2.
1×

10
7

9.
8×

10
7

2.
0×

10
7

5.
55

×1
06

1.
5×

10
7

5.
3×

10
6

6.
6×

10
6

2.
8×

10
6

Pl
eu

ro
sig

ma
 sp

.
2.

7×
10

7
3.

5×
10

7
1.

8×
10

7
9.

4×
10

6
7.

06
×1

06
7.

1×
10

6
7.

1×
10

6
5.

5×
10

6
5.

1×
10

6
1.

4×
10

7
2.

1×
10

7
1.

3×
10

7
1.

0×
10

7
1.

7×
10

7
1.

1×
10

7
7.

9×
10

7
2.

5×
10

7
3.

7×
10

7

(T
1=

, T
2=

, T
3=

)



81

 5
-3

 
 (fr

eq
ue

nc
y o

f o
cc

urr
en

ce
) 

 3 
 1-

5

Fr
eq

ue
nc

y 
of

 o
cc

ur
re

nc
e (

%
)

1
2

3
4

5
M

ea
n

 ±
 S

D 

Fo
od

 it
em

 

T1
T2

T3
T1

T2
T3

T1
T2

T3
T1

T2
T3

T1
T2

T3
T1

T2
T3

pl
an

t c
ell

 
Gu

tw
ee

d
0.

0
0.

0
0.

0
0.

0
0.

0
40

.0
0.

0
0.

0
11

.1
0.

0
0.

0
0.

0
0.

0
0.

0
54

.5
0.

0
0.

0
31

.1
 ±

 2
4.

3
Pl

an
ts 

de
br

is 
58

.3
75

.0
76

.9
10

0.
0

80
.0

60
.0

77
.8

10
0.

0
66

.7
60

.0
25

.0
55

.6
90

.0
55

.6
90

.9
77

.2
 ±

 1
8.

3
67

.1
 ±

 2
8.

4 
75

.6
 ±

 1
2.

4
M

icr
oc

ys
tis

 sp
. 

16
.7

0.
0

0.
0

40
.0

0.
0

0.
0

66
.7

20
.0

0.
0

20
.0

0.
0

11
.1

0.
0

11
.1

9.
1

28
.7

 ±
 2

5.
9

6.
2 

± 
9.

1 
5.

2 
± 

7.
5 

co
pe

po
d

66
.7

10
0.

0
10

0.
0

10
0.

0
80

.0
80

.0
10

0.
0

90
.0

10
0.

0
10

0.
0

10
0.

0
10

0.
0

10
0.

0
10

0.
0

10
0.

0
93

.3
 ±

 1
4.

9
94

.0
 ±

 8
.9

 
96

.0
 ±

 8
.9

 
in

se
ct 

lar
va

e 

m
os

qu
ito

 la
rv

ae
66

.7
83

.3
69

.2
10

0.
0

10
0.

0
10

0.
0

88
.9

80
.0

10
0.

0
40

.0
75

.0
77

.8
70

.0
77

.8
72

.7
73

.1
 ±

 2
3.

0
83

.2
 ±

 9
.9

 
81

.7
 ±

 1
6.

8
m

os
qu

ito
 eg

g 
0.

0
0.

0
0.

0
0.

0
20

.0
0.

0
22

.2
0

0.
0

20
.0

0
44

.4
10

.0
44

.4
9.

1
10

.4
 ±

 1
0.

6
12

.9
 ±

 1
9.

7 
1.

8 
± 

4.
1 

Ch
iro

no
m

i d
 la

rv
ae

33
.3

16
.7

0.
0

20
.0

0.
0

40
.0

33
.3

10
.0

33
.3

40
.0

25
.0

66
.7

10
.0

0
18

.2
27

.3
 ±

 1
2.

1
10

.3
 ±

 1
0.

8 
31

.6
 ±

 2
4.

9
be

nt
hi

c d
iat

om
 

Pl
eu

ro
sig

ma
 sp

.
33

.3
41

.7
7.

7
40

.0
20

.0
0.

0
44

.4
20

.0
0.

0
10

0.
0

75
.0

88
.9

10
0.

0
88

.9
90

.9
63

.6
 ±

 3
3.

5
49

.1
 ±

 3
1.

6 
29

.7
 ±

 4
0.

0
Na

vic
ul

a 
sp

p.
33

.3
50

.0
23

.1
60

.0
40

.0
80

.0
44

.4
40

.0
77

.8
10

0.
0

10
0.

0
33

.3
10

0.
0

33
.3

10
0.

0
67

.6
 ±

 3
1.

1
52

.7
 ±

 2
7.

1 
72

.8
 ±

29
.2

ro
tif

er Br
ac

hi
on

us
 sp

. 
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
11

.1
0.

0
0.

0
80

.0
0.

0
44

.4
10

0.
0

44
.4

27
.3

38
.2

 ±
 4

8.
0

8.
9 

± 
19

.9
 

5.
5 

± 
12

.2
 

Co
lu

re
lla

 sp
. 

0.
0

0.
0

0.
0

20
.0

0.
0

0.
0

0.
0

0.
0

44
.4

10
0.

0
0.

0
44

.4
70

.0
44

.4
72

.7
38

.0
 ±

 4
4.

9
8.

9 
± 

19
.9

 
30

.1
 ±

 3
1.

0
pr

ot
oz

oa

Zo
ot

ha
mn

iu
m 

sp
.

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

40
.0

25
.0

33
.3

60
.0

33
.3

18
.2

20
.0

 ±
 2

8.
3

11
.7

 ±
 1

6.
2 

3.
6 

± 
8.

1 
de

tri
tu

s/p
ell

et
58

.3
75

.0
15

.4
80

.0
80

.0
0.

0
44

.4
80

.0
22

.2
10

0.
0

10
0.

0
77

.8
10

0.
0

77
.8

0.
0

76
.6

 ±
 2

4.
9

82
.6

 ±
 1

0.
0 

14
.2

 ±
 1

4.
4

un
kn

ow
n 

eg
g 

8.
3

0.
0

30
.8

20
.0

20
.0

0.
0

44
.4

0.
0

33
.3

0.
0

0.
0

44
.4

50
.0

44
.4

27
.3

24
.6

 ±
 2

2.
0

12
.9

 ±
 1

9.
7 

21
.6

 ±
 1

3.
6

(T
1=

, T
2=

, T
3=

)



82

 5
-4

 
 (n

um
eri

ca
l c

om
po

siti
on

) 
 3 

 1-
5 

Nu
m

er
ica

l c
om

po
sit

io
n 

(%
)

1
2

3
4

5
M

ea
n

± 
SD

Fo
od

 it
em

 

T1
T2

T3
T1

T2
T3

T1
T2

T3
T1

T2
T3

T1
T2

T3
T1

T2
T3

pl
an

t c
ell

 
Gu

tw
ee

d
0.

0
0.

0
0.

0
0.

0
0.

0
2.

9
0.

0
0.

0
4.

2
0.

0
0.

0
3.

4
0.

0
0.

0
1.

5
0.

0
0.

0
2.

4 
± 

1.
7 

Pl
an

ts 
de

br
is

25
.8

32
.3

13
.9

11
.1

30
.4

27
.2

20
.9

29
.5

13
.5

4.
8

0.
3

41
.1

10
.7

5.
4

15
.9

14
.7

± 
8.

5
19

.6
 ±

15
.4

 
22

.4
± 

11
.9

 
M

icr
oc

ys
tis

sp
.

5.
5

0.
0

0.
0

11
.5

10
.1

0.
0

22
.0

6.
0

0.
0

1.
2

0.
0

1.
7

0.
0

0.
4

0.
9

8.
0

± 
9.

0
3.

3
± 

4.
6

0.
5 

± 
0.

8 
co

pe
po

d
26

.3
27

.2
4.

1
4.

3
2.

5
41

.6
22

.9
28

.9
1.

4
55

.6
7.

7
1.

2
57

.9
27

.5
11

.4
± 

17
.2

33
.4

± 
22

.9
18

.8
± 

12
.6

 
in

se
ct 

lar
va

e 

m
os

qu
ito

 la
rv

ae
3.

8
5.

0
2.

6
3.

2
15

.8
2.

5
3.

0
3.

7
1.

5
0.

03
4.

9
0.

1
0.

06
1.

6
1.

5
2.

0
± 

1.
8

6.
2 

± 
5.

5
1.

6 
± 

1.
0 

m
os

qu
ito

 eg
g

0.
0

0.
0

0.
0

0.
0

2.
2

0.
0

0.
4

0.
0

0.
0

0.
03

0.
0

0.
0

0.
0

0.
5

0.
1

0.
1

± 
0.

2
0.

5
± 

0.
9

0.
02

 ±
 0

.0
4 

Ch
iro

no
m

i d
lar

va
e

1.
3

0.
6

0.
0

0.
6

0.
0

0.
5

0.
4

0.
4

0.
9

0.
04

0.
5

0.
1

0.
0

0.
0

0.
1

0.
5

± 
0.

5
0.

3
± 

0.
3

0.
3 

± 
0.

4 
be

nt
hi

c d
iat

om

Pl
eu

ro
sig

ma
sp

.
4.

6
10

.7
0.

1
1.

0
1.

1
0.

0
2.

1
2.

9
0.

0
40

.3
2.

3
13

.3
20

.4
2.

2
35

.2
13

.7
± 

16
.8

3.
8 

± 
3.

9
9.

7 
± 

15
.4

 
Na

vic
ul

a
sp

p.
4.

0
3.

1
52

.6
35

.0
3.

3
64

.4
4.

9
12

.0
46

.4
15

.7
7.

8
29

.2
7.

7
2.

9
14

.0
13

.4
± 

12
.9

5.
8 

± 
4.

0
41

.3
± 

19
.9

 
ro

tif
er Br

ac
hi

on
us

sp
.

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
1

0.
0

0.
0

0.
3

0.
0

0.
0

3.
0

0.
3

0.
2

0.
7

± 
1.

3
0.

1
± 

0.
1

0.
04

 ±
 0

.1
 

Co
lu

re
lla

sp
.

0.
0

0.
0

0.
0

0.
7

0.
0

0.
0

0.
0

0.
0

0.
2

0.
9

0.
3

0.
2

0.
3

0.
8

2.
0

0.
4

± 
0.

4
0.

2
± 

0.
3

0.
5 

± 
0.

9 
pr

ot
oz

oa Zo
ot

ha
mn

iu
m

sp
.

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
3

0.
8

0.
0

0.
7

0.
8

0.
8

0.
2

± 
0.

3
0.

3 
± 

0.
4

0.
2 

± 
0.

3 
de

tri
tu

s/p
ell

et
22

.0
2.

7
32

.5
32

.3
0.

0
3.

1
22

.6
3.

9
35

.0
27

.5
2.

8
55

.8
26

.6
0.

0
34

.5
±1

9.
9

26
.2

 ±
 4

.2
1.

9 
± 

1.
8 

un
kn

ow
n 

eg
g 

0.
0

0.
9

0.
3

0.
5

0.
0

1.
5

0.
0

0.
5

0.
0

0.
0

0.
4

0.
1

0.
6

0.
3

0.
4

± 
0.

6
0.

2
± 

0.
3

0.
4 

± 
0.

3 

(T
1=

, T
2=

, T
3=

)



83

 (  5-5) 

Euplotes sp. Pleurosigma sp. Brachionus sp.

 5-5

partial R2 VIF F Sig.

0.029 - 26.87 <0.001

/ Chironomid larvae -4.29 × 10-6 0.43 1.122

Pleurosigma sp. -3.89 × 10-10 0.137 1.936

Brachionus  sp. 9.3 × 10-6 0.135 2.842

Euplotes sp. -5.9 × 10-6 0.191 1.917

R2 = 0.893 

 3 

 ( , 2523; Yashouv, 1970) 

 ( , 2554)

 (benthic diatom) 
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 (  2) 

 3 

,

, /

,

Navicula spp.

 (34.5 ±  19.9%) 

,  Pleurosigma sp. Navicula spp.

 (33.4 ± 22.9%) /

, Navicula spp.   

 (41.3±19.9%) ,

Pleurosigma sp. 

 Bombeo-Tuburan  (1993) 

 4  (detritus) 

  Nunes  (1997) 

 (detritus) 

 2 
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 (  4)  5 

 53 / . .

 2 

 3 

 2 

 4 

 (P>0.05) 

 4 

 4  53 / . .

 30,000  4 

 9,330  39,330 

 5 

 Martinez-Cordova  (2003) 

 (blue shrimp, Litopenaeus

stylirostris)

(zooplankton  benthos) 
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 modified extensive shrimp pond  Moorthy  Altaff  (2002) 

1.  53 / . .

 2 

 4 

2.

3.
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 6 

 3 

 3 

 9  16 

125  (  5 .) 

 1  2 

 (T1)  (T2) 

 (T3)  T3  27 

/ . .  2  20  0.013 

/  53 / . .  5 

 T3  0.300 

 0.071  T1  T2 

 0.528, 0.047   0.623, 0.195  T3 

 (5.576  0.110 

)  129.98 %  12.72%  T2 

 0.149  (3.47% 

)  0.083 (9.60% )  T1  T3 

 1.220   1.790  (28.44 

41.68% )  0.110  0.233  (12.72  26.94% 

)
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 (32.70% 

 12.83% )
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Effects of gutweed on transformation and budget of nitrogen and phosphorus  in 

black tiger shrimp (Penaeus monodon Fabricius) pond fed 

with 3 different feeding regimes 

Abstract

A study of effects of gutweed (Ulva intestinalis Linnaeus) on transformation and 

budget of nitrogen and phosphorus in black tiger shrimp (Penaeus monodon Fabricius) pond fed 

with 3 different regimes was conducted in 9 brackish water microcosms of which the sludge from 

shrimp pond and 125 liters (depth 5 cm) of brackish water at 16 ppt were added into the microcosms. 

The sludge was raked once a week for two weeks in order to increase oxygen transfer and nutrient 

release from sludge. The experiment had 3 feeding regimes; without pelleted feed (T1), with 

commercial pelleted feed (T2) and without pelleted feed but planting gutweed (T3). Gutweed was 

grown in the T3 at a density of 27 g/m2 for two weeks, then, black tiger shrimp postlarvae (PL20; 

average weight 0.013 g/PL) were stocked into each microcosm at a density of 53 PL/m2 and 

cultivated for 5 weeks. The amount of nitrogen and phosphorus transformation in the ecosystem was 

quantified using static nutrient budget model. The result showed that nutrients uptaken by gutweed 

was higher than that of phytoplankton. Nitrogen concentration in water column of T3 was the lowest 

(0.300 g/pond) and phosphorus concentration was 0.071 g/pond while those of T1 and T2 were 

0.528, 0.047 g/pond and 0.623, 0.195 g/pond respectively. Shrimp T3 ingested the highest amounts 

of nitrogen and phosphorus through natural productivity (5.576 and 0.110 g/pond or 129.98 and 

12.72% of nitrogen and phosphorus in sediment). In contrast, nitrogen accumulated in sediment of 

T2 at 0.149 g/pond (3.47% of nitrogen in sediment) and release phosphorus at 0.083 g/pond (9.60% 

of phosphorus in sediment). Net nitrogen and phosphorus accumulation in sediment of T1 and T3 

was decreased about 1.220 and 1.790 g/pond (28.44 and 41.68% of nitrogen in sediment) and about 

0.110 and 0.233 g/pond (12.72  26.94% of phosphorus in sediment) in respectively. It was found 

that the plantation of gutweed in the ecosystem of black tiger shrimp pond can enhanced the cycling 

of nutrients from sediment to shrimp biomass (32.70% of nitrogen and 12.83% of phosphorus in 

sediment) resulting in the higher reduction of nitrogen and phosphorus in sediment than the pond 
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that pelleted feed was used. This indicates that the plantation of gutweed is one of the alternative 

ways to rehabilitate the ecosystem of shrimp pond to be suitable for black tiger shrimp culture.
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 (

, 2536)   Teichert-Coddington  (2000) 

 semi-intensive  63% 

 36% 

 51%  47%  7%  31% 

 Smith (1996) 

 2.25 /  690 

/

Funge-Smith (1998) 

 (primary 

production) 

 (  2553)
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 ( , 2549) (Ulva intestinalis

Linnaeus)  (Biotic factors) 

 ( , 2551; , 2554) 

 (Nutrient budget) 

 3 

1.

 (microcosm)  1.5  1.5  0.7   9 
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 1 

0.1  16  125 

 (Boyd et al., 2002) 

 1 

 1 

2.

 3  3 

 1  (T1) 

 2  (T2) 

 3  (T3) 

 2 

 3  60  (  27 ./

 4)  2 

 (Postlarvar) 20  0.013 /

 120  53 /  2 

 2  1,000  100,000 

07.00, 11.00, 15.00  19.00 . ( )

3.

 GF/C 

 -20 °C 

 (Total dissolved nitrogen)  (Hansen and Koroleff, 1999) 

 Cadmium reduction method 

 (APHA, 1985)  Diazotization (Bendschneider 

and Robinson, 1952) 

 Whatman GF/F (  25 .  Pre-combustion  450°C 
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4 .)  950 °C  (CHN analyzer 

 LEGO  CHN-900)  =

 + 

 (Hansen and Koroleff, 1999) 

 Phospho-molybdate (Strickland and 

Parsons, 1972) (Chlorophyll a)  Membrane filter 

(Satorious)  90% 

 1 

  Strickland  Parsons (1972)  (phytoplanktonic 

nitrogen)  (phytoplanktonic phosphorus) 

Particulate nitrogen(Y)= Phytoplantonic Nitrogen (b × X) + Nonphytoplantonic Nitrogen(a) 

 Y = 0.0054 × Chlorophyll a + 0.2285     (r2  = 0.61)    ( , )

 Phytoplantonic Nitrogen  =  0.0054 × Chlorophyll a

Particulate phosphorus(Y) = Phytoplantonic phosphorus(B × X) + Nonphytoplantonic 

phosphorus(a)

 Y = 0.0007 × Chlorophyll a + 0.0373     (r2  = 0.84)    ( , )

 Phytoplantonic phosphorus  =  0.0007 × Chlorophyll a

 (Total nitrogen: TN, Organic carbon: OC) 

 70°C 

 8-10 .  950°C 

 N2

(CHN analyzer  LEGO  CHN-900)  (Total phosphorus : 

TP)  550°C  4 .
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 3 

. /

.

4.

(gutweed assimilation)  GF/C 

 1.0 

(phytoplankton assimilation) 

 GF/C 

 24 

 GF/C  -20 °C 

 (TDN) 

(TDP)

(TDN, TDP –TDN,TDP ) × 300 

 ( ./ . / )

=
1000

(TDN, TDP –TDN,TDP ) × 300 

 ( ./ )

=
1000
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5.

 static model 

 5  (Water)  (Shrimp)  (Phytoplankton) 

 (Gutweed)  (Sediment) 

 (  6-1) 

 3 

 6-1    (Water) 

(Shrimp)  (Phytoplankton)  (Gutweed) 

(Sediment) 

 (22) 

(23)Net accumulation 
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5.1  (phytoplankton) 

 (1) + (3) = (2) + (4) 

N,P phytoplankton input (1) =  × 

 (TN) 

 (TP) 

N,P phytoplankton output (2)    =  × 

 (TN) 

 (TP) 

N,P phytoplankton assimilation (3) =  (TDN) 

 (TDP) 

 1  ×  ( )

N,P phytoplankton sink (4) = (N,P phytoplankton input + N,P phytoplankton 

assimilation) -  N,P phytoplankton output

5.2  (Gutweed)  T3 

 (5) + (6) = (7) + (8)

N,P gutweed input (5) =  × 

 (TN) 

(TP)

N,P gutweed assimilation (6)  =  × 

 (TDN) 

 (TDP)  1 

 1  × 

N,P gutweed output (7)  =  × 

 (TN)  (TP)   

N,P gutweed sink (8)      =  (N,P gutweed input + N,P gutweed assimilation) – N,P 

gutweed output
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5.3  (water) 

 (9) + (10) + (12) = (3) + (6) + (11) 

N,P water input (9) =  × 

 (TN)  (TP)   

N,P water addition (10)  =  × 

 (TN)  (TP) 

N,P (shrimp excretion + 

sediment net flux+ 

sediment raking) (12) 

= N,P (Gutweed assimilation + phytoplankton assimilation +   

water output) – N,P (water input + water addition) 

N,P phytoplankton 

assimilation (3) 

=  (3) 

N,P gutweed assimilation 

(6)

=  (6) 

N,P water output (11)     =  × 

 (TN)  (TP) 

   

  5.4  (Shrimp) 

 (13) + (14) + (17) = (15) + (16) 

N,P shrimp input (13) =  × 

 (TN)  (TP)

N,P feed input (14)  =  × 

 (TN)  (TP)

N,P natural productivity (17) = N,P (shrimp output + shrimp excretion) – N,P (shrimp input + 

feed input  ) 

N,P shrimp output (15)  =  × 

 (TN)  (TP)   
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N,P shrimp excretion  (16) = (N,P shrimp output × % N,P excretion) / (100-% N,P 

excretion)   75%.

(Burford and Lorenzen, 2004) 

 2% (Ambasankar et al., 2006 ) 

5.5  (Sediment) 

 (4) + (8) + (20) = (17) + (18) + (19) + (21) +(22) 

 (4) + (8) + (20) = (17) + (18) + (19) + (21)

N,P sediment raking (18) =  (TDN) 

 (TDP) 

N,P sediment net flux (19) = N,P (shrimp excretion + sediment net flux+ sediment raking) 

(12) – N,P (shrimp excretion + sediment raking) 

N,P sediment input (20) =  × 

 (TN)  (TP)   

N,P sediment output (21)     =  × 

 (TN)  (TP) 

Denitrification (22) = N (sediment input + phytoplankton sink + gutweed sink) -  N 

(sediment raking + sediment net flux + natural productivity + 

sediment output ) 

Net N,P accumulation (23) =  – 
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 5 

 (T1) 

 0.062, 0.352, 0.036, 0.007 

4.290

 0.528, 0.106, 

0.959, 3.070  0.084 

 3.693 

 3.594 

 (natural productivity)  3.800 

 2.877 

 0.449 0.481

 3.807 

 -1.220  (  6-2) 

 6-2  (T1) 

(23)Net accumulation = -1.220
Unit

Unit : gN/pond
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 (T2)

 (T1)

 2.120 

 0.623, 0.099, 1.694, 4.439  0.012

 5.166 

 5.074 

 4.620 

 2.120  6.740 

 5.082 

  0.480  5.375 

 0.186 

 0.149 

(  6-3) 

 6-3  (T2)

(23)Net accumulation = 0.149

(18) 0.479

Unit
Unit : gN/pond
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 (T3) 

 T1  T2

 0.091 

 0.300, 0.105, 1.403, 2.502 0.527  0.001 

 2.031 

 1.993 

 4.922 

 4.486  2 

 5.576 

 4.209 

 2.151 0.479

 6.839 

 -1.790  (  6-4) 

 6-4  (T3)

(23)Net accumulation = -1.79 Unit
Unit : gN/pond
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 (T1) 

 0.018, 0.005, 0.003, 0.001  0.865 

 0.047, 0.014, 0.076  0.755 

 0.233 

 0.220 

 0.075 

 0.002 

 0.245 0.010 

 0.257 

 -0.110  (  6-5) 

 6-5  (T1)

(23)Net accumulation = -0.110 Unit
Unit : gP/pond
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 (T2) 

 (T1)  

 0.232 

 0.195, 0.013, 

0.134  0.782

 0.296 

 0.284  0.003 

  0.454  0.011 

0.468  0.098 

 -0.083  (  6-

6)

 6-6  (T2)

(23)Net accumulation = -0.083 Unit
Unit : gP/pond
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 (T3) 

 T1  T2  0.013 

 0.071, 0.014, 0.111, 0.632  0.077 

 0.135  0.123 

 0.110 

 0.002 

 0.768 0.010

 0.780 

 -0.233  (  6-7) 

 6-7  (T3)

(23)Net accumulation = -0.233

(4) 0.122

Unit
Unit : gP/pond
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 T3   5.576  0.110 

129.98  12.72% 

 1.403  0.111  32.70 12.83%

 T1 

 3.800  0.0.075 

88.58  8.67% 

 0.959  0.076  22.35  8.79% 

 T2 

 4.620  107.69% 

 2.120  49.42% 

 1.694  39.49% 

 T2 

 0.149  3.47% 

T1  T3  1.220 1.790

 28.44  41.68% 

 0.084, 0.012  0.001 

1.96, 0.28  0.02%  T1, T2  T3 

 0.110, 0.083  0.233 

 12.72, 9.60  26.94%  T1, T2  T3 

(  6-1  6-2) 

 1-6 
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 6-1

 3  5 

T1 T2 T3
gN/pond %N gN/pond %N gN/pond %N

(1) phytoplankton input 0.007 0.16 0.007 0.16 0.007 0.16

(2) phytoplankton output 0.106 2.47 0.099 2.31 0.105 2.45

(3) phytoplankton assimilation 3.693 86.08 5.166 120.42 2.031 47.34

(4) phytoplankton sink 3.594 83.78 5.074 118.28 1.933 45.06

(5) gutweed input - - - - 0.091 2.12

(6) gutweed assimilation - - - - 4.922 114.73

(7) gutweed output - - - - 0.527 12.28

(8) gutweed sink - - - - 4.486 104.57

(9) water input 0.062 1.45 0.062 1.45 0.062 1.45

(10) water addition 0.352 8.21 0.352 8.21 0.352 8.21

(11) water output 0.528 12.31 0.623 14.52 0.300 6.99

(12) excretion+flux+raking 3.807 88.74 5.375 125.29 6.839 159.42

(13) shrimp input 0.036 0.84 0.036 0.84 0.036 0.84

(14) feed input - - 2.120 49.42 - -

(15) shrimp output 0.959 22.35 1.694 39.49 1.403 32.70

(16) shrimp excretion 2.877 67.06 5.082 118.46 4.209 98.11

(17) natural productivity 3.800 88.58 4.620 107.69 5.576 129.98

(18) sediment raking 0.481 11.21 0.479 11.17 0.479 11.17

(19) sediment net flux 0.449 10.47 -0.186 -4.34 2.151 50.14

(20) sediment input 4.290 100.00 4.290 100.00 4.290 100.00

(21) sediment output 3.070 71.56 4.439 103.47 2.502 58.32

(22) denitrification 0.084 1.96 0.012 0.28 0.001 0.02

(23) net accumulation -1.220 -28.44 0.149 3.47 -1.788 -41.68

(T1 = , T2 = , T3 = )

%N  (gN/pond)  (20)) 
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 6-2

 3  5 

T1 T2 T3
gP/pond %P gP/pond %P gP/pond %P

(1) phytoplankton input 0.001 0.12 0.001 0.12 0.001 0.12 

(2) phytoplankton output 0.014 1.62 0.013 1.50 0.014 1.62 

(3) phytoplankton assimilation 0.233 26.94 0.296 34.22 0.135 15.61 

(4) phytoplankton sink 0.220 25.43 0.284 32.83 0.122 14.10 

(5) gutweed input - - - - 0.013 1.50 

(6) gutweed assimilation - - - - 0.597 69.02 

(7) gutweed output - - - - 0.077 8.90 

(8) gutweed sink - - - - 0.533 61.62 

(9) water input 0.018 2.08 0.018 2.08 0.018 2.08 

(10) water addition 0.005 0.58 0.005 0.58 0.005 0.58 

(11) water output 0.047 5.43 0.195 22.54 0.071 8.21 

(12) excretion+flux+raking 0.257 29.71 0.468 54.10 0.780 90.17 

(13) shrimp input 0.003 0.35 0.003 0.35 0.003 0.35 

(14) feed input - - 0.232 26.82 - - 

(15) shrimp output 0.076 8.79 0.134 15.49 0.111 12.83 

(16) shrimp excretion 0.002 0.23 0.003 0.35 0.002 0.23 

(17) natural productivity 0.075 8.67 -0.098 -11.33 0.110 12.72 

(18) sediment raking 0.010 1.16 0.011 1.27 0.010 1.16 

(19) sediment net flux 0.245 28.32 0.454 52.49 0.768 88.79 

(20) sediment input 0.865 100.00 0.865 100.00 0.865 100.00 

(21) sediment output 0.755 87.28 0.782 90.40 0.632 73.06 

(23) net accumulation -0.110 -12.72 -0.083 -9.60 -0.233 -26.94 

(T1 = , T2 = , T3 = ,

%P  (gP/pond)  (20)) 
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 (T1  T3) 

 (T3) 

 0.300  0.071 

(T2)  0.623  0.195  (T1) 

 0.528  0.047 

 28 

 256.3  (

 3)  4.922 

0.597  2.031  0.135 

 biomass 

 2  (assimilation) 

(uptake)  (rhiziod) ( , 2546) 

 (Williams, 1984)  Kamer  (2004) 

 (T1  T3) 

 2 

 Xia  (2004) 

 61.24%  81.08% 
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 Funge-Smith  Briggs 

(1998)

78%  24% 

 2 

(Nunes et al., 1997 ;  5) 

 5.082  0.003 

 2.877  0.002  4.209  0.002 

 75% (Burford and Lorenzen, 2004) 

 2%  (Ambasankar et al., 2006 ) 

Shishehchian  (2003) 

 4 

 1.790  0.233 
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 1.220 

 0.149 

 5.576  0.110 

 (T1) 

  3.800  0.075 

 (2554) 

 4.620 

 Nunes  (1997) 

Penaeus subtilis

 75.09% 

 24. 91% 

 (  5) 

 4 

 3  0.084, 

0.012  0.001  1.96, 0.28  0.02%  T1, T2 

 T3   (2547) 

  25.6%  64.6% 

 Funge-Smith  Briggs (1998) 
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 30% 

1.

2.

3.
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 7 

 (Ulva intestinalis Linnaeus)

 (Penaeus monodon Fabricius) 

 2 

1.

 10 .  1  2 

 3 

 T1  T2  28 

./ . .  T3  56 ./ . .

 1 

1.1  (abiotic 

factors)

 40  3 

 0.52±0.15  0.44±0.10  T2  T3 

 (limiting factor) 

 2 
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1.2  (biotic factor) 

 (T2  T3) 

(T1) 

 256.3  656 

T2  T3 

2.

 5 .

 1  2 

 3  3 

 (T1)  (T2) 

 (T3)  T3  27 ./ . .

 2  20   0.013 ./

 53 / . .  5 
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2.1

 3 

/

Navicula sp. 

Pleurosigma sp. Navicula spp. 

/

Navicula spp. 

Pleurosigma sp.  T1 

 T2 

 T3 

2.2

 53 / . .  3  T1 

 2  T2  T3 

 2  T1 

 4  T1 

 T2  T3  T2  T3 
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 (  T3)  4 

2.3

 3 

 (T1) 

 3.800  0.075  88.58% 

8.67%

 2.877  0.002 

 1.22  28.44% 

 0.110  12.72% 

 (T2) 

 4.620  2.120 

 0.232  49.42%  26.82% 

 5.082  0.003 

 T1 T3

 0.149  3.47% 

 0.083 

 9.60% 

 (T3) 

 5.576  0.110 

 129.98 %  12.72% 
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 4.209 

 0.002  1.790 

 41.68%  0.233 

 27.09% 
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 1

 (T1)  5 

Input  output  

 (gN/pond)  (gN/pond)

phytoplankton (1) phytoplankton input 0.007 (2) phytoplankton output 0.106 

(3) phytoplankton assimilation 3.693 (4) phytoplankton sink 3.594 

 net 3.700 net 3.700

Gutweed (5) gutweed input - (7) gutweed output - 

 (6) gutweed assimilation - (8) gutweed sink - 

 net - net -

Water (9) water input 0.062 (11) water output 0.528 

 (10) water addition 0.352 (3) phytoplankton assimilation 3.693 

 (12) excretion+flux+raking 3.807 (6) gutweed assimilation - 

 net 4.221 net 4.221

Shrimp (13) shrimp input 0.036 (15) shrimp output 0.959 

 (14) feed input - (16) shrimp excretion 2.877 

 (17) natural productivity 3.800 

 net 3.836 net 3.836

Sediment (20) sediment input 4.290 (17) natural productivity 3.800 

 (4) phytoplankton sink 3.594 (18) sediment raking 0.481 

 (8) gutweed sink - (19) sediment net flux 0.449 

   (21) sediment output 3.070 

   (22) denitrification 0.084 

 net 7.884 net 7.884

   (23) net accumulation -1.220 
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 2

 (T2)  5 

Input  output  

 (gN/pond)  (gN/pond)

phytoplankton (1) phytoplankton input 0.007 (2) phytoplankton output 0.099 

(3) phytoplankton assimilation 5.166 (4) phytoplankton sink 5.074 

 net 5.173 net 5.173

Gutweed (5) gutweed input - (7) gutweed output - 

 (6) gutweed assimilation - (8) gutweed sink - 

 net - net -

Water (9) water input 0.062 (11) water output 0.623 

 (10) water addition 0.352 (3) phytoplankton assimilation 5.166 

 (12) excretion+flux+raking 5.375 (6) gutweed assimilation - 

 net 5.789 net 5.789

Shrimp (13) shrimp input 0.036 (15) shrimp output 1.694 

 (14) feed input 2.120 (16) shrimp excretion 5.082 

 (17) natural productivity 4.620 

 net 6.776 net 6.776

Sediment (20) sediment input 4.290 (17) natural productivity 4.620 

 (4) phytoplankton sink 5.074 (18) sediment raking 0.479 

 (8) gutweed sink -   

 (19) sediment net flux 0.186 (21) sediment output 4.439 

   (22) denitrification 0.012 

 net 9.550 net 9.550

   (23) net accumulation 0.149 



133

 3

 (T3)  5 

 Input  output  

 (gN/pond)  (gN/pond) 

phytoplankton (1) phytoplankton input 0.007 (2) phytoplankton output 0.105 

(3) phytoplankton assimilation 2.031 (4) phytoplankton sink 1.933 

 net 2.038 net 2.038

Gutweed (5) gutweed input 0.091 (7) gutweed output 0.527 

 (6) gutweed assimilation 4.922 (8) gutweed sink 4.486 

 net 5.013 net 5.013

Water (9) water input 0.062 (11) water output 0.300 

 (10) water addition 0.352 (3) phytoplankton assimilation 2.031 

 (12) excretion+flux+raking 6.839 (6) gutweed assimilation 4.922 

 net 7.253 net 7.253

Shrimp (13) shrimp input 0.036 (15) shrimp output 1.403 

 (14) feed input - (16) shrimp excretion 4.209 

 (17) natural productivity 5.576 

 net 5.612 net 5.612

Sediment (20) sediment input 4.290 (17) natural productivity 5.576 

 (4) phytoplankton sink 1.933 (18) sediment raking 0.479 

 (8) gutweed sink 4.486 (19) sediment net flux 2.151 

   (21) sediment output 2.502 

   (22) denitrification 0.001 

 net 10.709 net 10.709

   (23) net accumulation -1.788 
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 4

 (T1)  5 

Input  output  

 (gP/pond)  (gP/pond) 

phytoplankton (1) phytoplankton input 0.001 (2) phytoplankton output 0.014 

(3) phytoplankton assimilation 0.233 (4) phytoplankton sink 0.220 

 net 0.234 net 0.234

Gutweed (5) gutweed input - (7) gutweed output - 

 (6) gutweed assimilation - (8) gutweed sink - 

 net - net -

Water (9) water input 0.018 (11) water output 0.047 

 (10) water addition 0.005 (3) phytoplankton assimilation 0.233 

 (12) excretion+flux+raking 0.257 (6) gutweed assimilation - 

 net 0.280 net 0.280

Shrimp (13) shrimp input 0.003 (15) shrimp output 0.076 

 (14) feed input - (16) shrimp excretion 0.002 

 (17) natural productivity 0.075 

 net 0.078 net 0.078

Sediment (20) sediment input 0.865 (17) natural productivity 0.075 

 (4) phytoplankton sink 0.220 (18) sediment raking 0.010 

 (8) gutweed sink - (19) sediment net flux 0.245 

   (21) sediment output 0.755 

 net 1.085 net 1.085

   (23) net accumulation -0.110 
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 5

 (T2)  5 

Input  output  

 (gP/pond)  (gP/pond) 

phytoplankton (1) phytoplankton input 0.001 (2) phytoplankton output 0.013 

(3) phytoplankton assimilation 0.296 (4) phytoplankton sink 0.284 

 net 0.297 net 0.297

Gutweed (5) gutweed input - (7) gutweed output - 

 (6) gutweed assimilation - (8) gutweed sink - 

 net - net -

Water (9) water input 0.018 (11) water output 0.195 

 (10) water addition 0.005 (3) phytoplankton assimilation 0.296 

 (12) excretion+flux+raking 0.468 (6) gutweed assimilation - 

 net 0.491 net 0.491

Shrimp (13) shrimp input 0.003 (15) shrimp output 0.134 

 (14) feed input 0.232 (16) shrimp excretion 0.003 

 (17) natural productivity -0.098 

 net 0.137 net 0.137

Sediment (20) sediment input 0.865 (17) natural productivity -0.098 

 (4) phytoplankton sink 0.284 (18) sediment raking 0.011 

 (8) gutweed sink - (19) sediment net flux 0.454 

   (21) sediment output 0.782 

 net 1.149 net 1.149

   (23) net accumulation -0.083 
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 6

 (T3)  5 

 Input  output  

 (gP/pond)  (gP/pond) 

phytoplankton (1) phytoplankton input 0.001 (2) phytoplankton output 0.014 

(3) phytoplankton assimilation 0.135 (4) phytoplankton sink 0.122 

 net 0.136 net 0.136

Gutweed (5) gutweed input 0.013 (7) gutweed output 0.077 

 (6) gutweed assimilation 0.597 (8) gutweed sink 0.533 

 net 0.610 net 0.610

Water (9) water input 0.018 (11) water output 0.071 

 (10) water addition 0.005 (3) phytoplankton assimilation 0.135 

 (12) excretion+flux+raking 0.780 (6) gutweed assimilation 0.597 

 net 0.803 net 0.803

Shrimp (13) shrimp input 0.003 (15) shrimp output 0.111 

 (14) feed input - (16) shrimp excretion 0.002 

 (17) natural productivity 0.110 

 net 0.113 net 0.113

Sediment (20) sediment input 0.865 (17) natural productivity 0.110 

 (4) phytoplankton sink 0.122 (18) sediment raking 0.010 

 (8) gutweed sink 0.533 (19) sediment net flux 0.768 

   (21) sediment output 0.632 

 net 1.520 net 1.520

   (23) net accumulation -0.233 
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