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Abstract 

Rice-shrimp culture systems occur throughout Asia where there are seasonal 

alterations of fresh and saltwater availability. During the dry season, black tiger 

shrimp are grown at low densities, and in the wet season, rice, or rice and shrimp are 

grown together. Previous studies point to issues with suboptimal rice and shrimp 

production, due, in part, to climatic conditions driving changes in water quality, and 

pond management practices. However, the availability of natural benthic food 

supplies for shrimp production is less well studied. This study used a 15N-nitrogen 

stable isotope tracer added to replicated enclosures within two rice-shrimp ponds to 

trace shrimp feeding on benthic natural biota. This experiment was conducted in 

both the wet and dry seasons. The 15N-ammonium rapidly enriched the 15N signature 

in the particulate organic matter (POM) in the water column, indicative of significant 

phytoplankton uptake of nitrogen (N). In contrast there was little enrichment of the 

benthic algae in the same time frame. After 13 d, most of the shrimp in the replicate 

enclosures had little or no 15N enrichment. This result occurred across both ponds 

and in both seasons. This suggests that enriched N was not transferred through the 

benthic food web to the shrimp. The results of the 15N enclosure experiments were 

combined with biomass estimates of benthic algae and macrobenthos, shrimp growth 

data, and linked to other parallel studies of water quality and sediment 

biogeochemistry in the same ponds. Overall, the findings point to inadequate feed 

stocks for shrimp, and hence the need to consider supplemental feeding with high 

quality formulated feeds in order to improve growth rates and survival. 

 

Keywords: 15N, extensive shrimp ponds, food webs, algae 

 

1. Introduction 

Rice-shrimp culture systems are practiced principally by smallholder farmers in Asia 

where water supplies alternate seasonally between saline and fresh (Chowdhury et 

al., 2011; Bunting et al., 2017). The Mekong Delta, Vietnam, is one of the major areas 

where rice-shrimp culture is practiced, commencing around the 1970s, and is now a 
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major industry. The black tiger shrimp (Penaeus monodon) is typically used. It is 

stocked at low densities (1-2 animals m-2) and utilizes natural food supplies in the 

ponds (Preston et al., 2003, Burford et al. 2004a). Shrimp is often grown throughout 

the year, due to the high market value compared with rice (Leigh et al., 2017). This is 

despite the low salinities in the wet season which are suitable for rice but less suitable 

for shrimp. Crabs (Scylla paramamosain) may also be stocked at low densities as an 

additional food supply (Leigh et al., 2017). 

There are reports that rice-shrimp farming is more sustainable than intensive shrimp 

farming, due to more efficient nutrient cycling and short circuiting the shrimp 

disease cycle (Kruse et al., 2020). However, rice-shrimp farming is not without its 

challenges. Poor water quality has been identified as a major risk factor for growing 

shrimp in rice-shrimp culture systems, with suboptimal dissolved oxygen 

concentrations, water temperatures and salinities (Tho et al., 2011; Leigh et al., 2017; 

in press; Stewart-Koster et al., 2017). Low oxygen conditions are primarily caused by 

high sediment oxygen demand, exacerbated by higher temperatures (Luu et al., 

2019). Suboptimal conditions can physiologically stress shrimp, which in turn can 

negatively affect their growth, and increase their vulnerability to disease (Tsai et al., 

1999; Kautsky et al., 2000).  

Poor quality natural food or insufficient food also has the potential to be a cause of 

stress, and reduced growth and/or survival of shrimp. Macrobenthos are an 

important food source for shrimp in rice-shrimp culture ponds, and they, in turn, 

rely on primary producers such as phytoplankton and benthic algae (Kautsky et al., 

2000; Burford et al., 2004a). A recent study showed that the primary producers in 

rice-shrimp ponds can have low rates of productivity (Luu et al., 2019). Another 

study hypothesized that natural food availability may limit production because the 

biomass of primary producers correlated with shrimp production (Leigh et al., 2017). 

Identifying the extent of natural food consumption in rice-shrimp ponds will help 

identify if management interventions are needed to improve growth, survival, and 

ultimately production yields. 

Stable isotopes, such as N, can be used to understand energy flows in food webs in 

aquaculture systems. A previous study of rice-shrimp ponds in Vietnam used natural 

abundance stable isotopes to show that the main source of food consumed by shrimp 

was macrobenthos and sediment organic matter, and that homemade foods had little 
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nutritional benefit (Burford et al., 2004a). Another stable isotope study showed that 

the P. monodon diet was dominated by detritus, with animal remains and algae also 

present in the gut (Bombeo-Tuburan et al. 1993). A study of two other penaeid 

species in extensive shrimp ponds used stable isotopes to identify the dominant 

macrobenthos grazed by shrimp, and also showed that the addition of trash fish had 

little nutritional benefit as supplemental feed (Huang et al. 2020).  

Enriched N stable isotope tracers provide a more targeted means of tracing feed 

sources into shrimp. For example, Burford et al. (2004b) enriched flocculated 

material with 15N and fed this to shrimp in intensive shrimp systems to demonstrate 

that shrimp can consume significant amounts of flocculated material. Additionally, 

formulated feed , enriched with 15N-labelled soybeans, was fed to shrimp and 

subsequently tracked into the pond food web to determine the fate of N (Burford et 

al., 2002). The advantage of using enriched isotopes, rather than natural abundance 

values, is that sources in food webs can be more clearly defined. 

In order to determine whether natural food is supplying the needs of shrimp in rice-

shrimp ponds, we used a 15N tracer spiked into the water in enclosures, and tracked 

this through to shrimp. The study was conducted in two rice-shrimp ponds during 

both the wet and dry seasons in the Mekong Delta, Vietnam. 

 

2. Methods 

2.1. Study area and pond management 

The study region was the Tan Bang commune, Thoi Binh District, Cà Mau Province 

in the southern Mekong Delta, Vietnam (Fig. 1). It typically experiences a wet season 

from May to November, and a dry season from December to April each year (Leigh et 

al., 2017).  

We studied two ponds (TB1, TB2; Fig. 1), each managed by a different farmer. TB1 

had a total surface area of 15,000 m2 with platform area of 11,250 m2, surrounded by 

a ditch, i.e. 3,750 m2. Total pond, platform and ditch areas at TB2 were 20,000, 

15,000 and 5,000 m2, respectively (Table 1, Luu et al. 2019). The average water depth 

in the ditches of the two ponds was typically 1-1.2 m and over the platforms, 0.5 m.  
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The shrimp, P. monodon, and the mud crab S. paramamosain were grown at low 

densities (for shrimp ~1 – 2 animals m-2, for crabs 1 – 3 animals m-2). Pond 

preparation at the start of the dry and wet seasons is outlined in Leigh et al. (in 

press). Postlarvae were stocked into the three ponds on three occasions (26 February 

2017, 20 April 2017 and 26 May 2017), with total stockings of 75,000 and 100,000 

postlarval shrimp at TB1 and 2, respectively (Table 1).  

Harvesting of shrimp occurred approximately daily at TB1 and TB2 from 10 April 

and 07 April 2017, respectively, through to 12 September and 15 October 2017, 

respectively (Table 1). Simple trap nets with a range of mesh sizes were used to catch 

different sized animals, depending on market prices for shrimp at the time. Crabs 

were also harvested periodically. Rice plants (variety Lun Kien Giang) were sown in 

the ponds from September to December at a stocking density of 5 kg rice per 1,000 

m2, with 30 cm x 30 cm transplanting distance. 

2.2. Shrimp, crab and rice harvest and growth data 

At each shrimp harvest, the total weight (g) and number of shrimp were recorded for 

each pond. From these data, the yield (kg ha-1), shrimp density (ind. ha-1) and the 

average weight of individuals harvested (g) were calculated for each pond. Total yield 

(kg ha-1) and survival (%; total number of individuals harvested/total number 

stocked) at the end of the growing season were also calculated. Survival in each pond 

over the entire season was calculated to be 40 and 41% in TB1 and TB2 respectively 

(Table 1). Mean weekly growth rates were calculated (see Leigh et al., in press) for 

each pond with two distinct cohorts identifiable for TB1, and only one identifiable for 

TB2. Mean growth rates for individual shrimp were 0.68 g wet weight week-1 for TB1 

and 0.45 g wet weight week-1 for TB2 (Table 1). Crabs were harvested periodically, 

when crabs reached market size, typically at a weight of no more than 4 crabs kg-1. 

Rice seed yields for the year were 5,000 and 4,500 kg ha-1 for TB1 and TB2 

respectively (Table 1). 

2.3. 15N-tracer experiments 

In summary, two 15N-tracer experiments were conducted in replicated enclosures in 

each of two rice-shrimp ponds in the dry season, i.e. April 2017 and the wet season, 

i.e. September 2017. 15N-ammonium was added to the water, and tracked into 

primary producers and through to shrimp. The intention of this study was to label 
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the benthic community as this is the primary food source of the shrimp species used 

in this study. 

There were six enclosures set up in each pond, i.e. TB1 and TB2. Five enclosures had 

the dimensions 6 m long x 6 m wide and were sufficiently high to prevent shrimp 

from jumping out of enclosures, while the final enclosure in each pond had 

dimensions 6 x 2 m (due to lack of sufficient material for making larger enclosures). 

All enclosures were spread equidistantly throughout the ponds to allow sufficient 

water movement between the enclosures, and ensure that enclosures were not 

impacting on one another. Enclosures spanned the ditch and platform, with 

approximately 50% of the area being ditch and 50% being on the platform. This 

allowed shrimp to move between these environments. Enclosures were surrounded 

by shade cloth with a mesh size of approximately 4 mm. The mesh was dug into the 

sediment to prevent shrimp escaping by burrowing. The water depth in the ditch 

ranged from 0.89 to 1.00 m, and platform depth ranged from 0.13 to 0.16 m. All 

shrimp and crabs were removed from the enclosures prior to the experiment.  

For both experiments, shrimp were caught with traps from the surrounding ponds, 

and in the case of TB1, placed in the enclosures to give a final density of 2 shrimp m2. 

As individual shrimp were larger in TB2 (Table 2), shrimp caught in traps in this 

pond were placed in enclosures at a final density of 1 animal m2. Shrimp were 

acclimated for two days before commencing the experiment. 

Samples for measuring the background 15N values of water column particulates, 

surface sediment and shrimp were taken prior to the experiment. The water column 

particulate matter was determined by taking surface samples of water from each 

pond which were filtered onto precombusted glass fibre filters (Whatman GF/F). 

Three replicate filters were taken from each pond and filters frozen, until analyzed 

for 15N ratios. Six replicates of surface pond sediment were taken as scrapes from 

each pond. Seven individual shrimp from TB1 and TB2 were also sampled. 

Just prior to conducting the 15N addition experiment, the shade cloth around each 

enclosure was surrounded by plastic sheeting for short-term (1 h) trapping of water 

within the enclosures. A weight of 1 g of 15N ammonium chloride (purity 99%, 

Cambridge Isotope Laboratories) was added to each enclosure. In the case of the 

smaller enclosures, proportionately less 15N was added, i.e. 0.33 g. The dry powder 
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was first dissolved in a little pond water in a vial, then added to each pond with a 

new, clean weed spraying device. The water in the enclosure was then thoroughly 

mixed with a paddle to evenly distribute the 15N solution. One hour later, two 

replicate water samples were taken from each enclosure and were filtered onto 

precombusted glass fibre filters (Whatman GF/F). Previous studies have shown that 

one hour is sufficient to get maximum uptake of 15N-ammonium by primary 

producers (Burford et al., 2003). Filters were frozen until analyzed for 15N values. 

Three replicate sediment samples, as a measure of benthic algae, were also taken in 

each enclosure after 1 h by scrapping off surface sediment, then freezing samples 

until analyzed. After sampling, the plastic surrounding the mesh screen was 

removed. This was done to ensure sufficient circulation of water within the ponds, as 

the intention was to label the benthic community in order to track shrimp feeding, 

not to label the entire pond. It is acknowledged that the water column particulate 15N 

signal would be diluted once the plastic was removed. 

Shrimp were maintained in the enclosures for 13 days without the addition of 

formulated feed. At the end of this time, the sediment in the enclosures was sampled 

again, using the same protocol as on the first day. Seven shrimp were also harvested 

from each enclosure using nets, and the wet weight was determined. Animals were 

euthanized prior to the head and exoskeleton being removed, then tails were frozen 

for analysis. 

To determine N stable isotope ratios, shrimp and sediment were dried at 60°C in an 

oven, then ground using a stainless steel ball mill grinder. A weight of 1-2 mg of dried 

ground tissue was placed into tin capsules and analyzed using a Sercon Europa EA-

GSL elemental analyzer coupled to a Hydra-20-20 continuous flow isotope ratio 

mass spectrometer. Stable isotope ratios were expressed in δ notation as deviations 

from standards in per mil (‰):  

δX = [(Rsample/Rstandard)-1] x 1000 

Where X is 15N 

Rsample is the ratio (15N/14N) in the sample 

Rstandard is the ratio in the standard.  
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Sucrose and ammonium sulfate were used as standards, and analytical precision and 

accuracy were estimated by the analysis of these standards, and standards from the 

National Institute of Standards and Technology (NIST). Precision was <0.2‰ for 

δ15N. All data is expressed as 15N enrichment with background 15N values subtracted 

from the data prior to further analysis. 

2.4. Background water and sediment data 

The initial physico-chemical parameters at the start of the experiment were 

determined in the surface waters of the ditch of each pond using a calibrated 

Hydrolab multiprobe logger. Water temperatures were logged every hour during the 

experiments using methods described by Leigh et al., (in press). Whole-season data 

on dissolved oxygen, temperature and salinity are reported by Leigh et al., (in press). 

The Licor PAR light profile was measured through the water column using a 4 π 

sensor during the experiment in each pond, and the euphotic depth calculated.  

Three replicate water samples were collected in each of the surface waters of the two 

ponds for chlorophyll a analyses, as a measure of phytoplankton biomass, with water 

filtered onto glass fibre filters (Avantec G75) then filters were frozen until analyzed. 

It had previously been established that the ponds were well mixed, and therefore 

surface chlorophyll a samples are representative. Concentrations of chlorophyll a 

were determined by acetone extraction of the glass fibre filters and 

spectrophotometric measurements following standard methods (APHA, 2005). Data 

on nutrient concentrations in the ponds at the time of the experiment was reported 

by Luu et al., (2020). 

Sediment chlorophyll a concentrations (g m-2), as a measure of benthic microalgal 

biomass, was also determined at each pond at the time of the experiments. This 

involved taking 10 random samples with a cut-off tube (2.1 cm dia.) from the top 

layer of sediment of each pond (2 cm deep, ditch and platform). Samples were kept 

on ice until frozen at -20ºC, then analyzed as outlined for water column chlorophyll 

a samples, but weight of core, rather than volume filtered, was used.  

Potential sources of natural food for shrimp (the benthic invertebrates, gastropods 

and bivalves) in the benthic zone of the ditch in each pond were quantified at the 

time of the study as per method of Leigh et al., (in press). A small Ponar bailer with 

mouth expanded at 0.02 m2 was used to collect sediment from five randomly 
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selected locations of each ditch for identification and enumeration of gastropods and 

bivalves, with three samples collected from each location. The collected sediment was 

then sieved (0.5 mm mesh size) and retained material fixed in an 8% formalin 

solution. Organisms were identified to genus level and their density (ind. m-2) 

determined in laboratory under 10-100x magnification with a stereomicroscope 

(Olympus).  

2.5. Statistical analyses 

A mixed effects model was used to determine if there were differences in 15N in POM, 

sediment and shrimp between enclosures, ponds and seasons. There were no 

significant differences between the smaller and larger enclosures in each pond so 

data was combined. 

In all cases, the assumptions of normality and homogeneity of variance of response 

variables were examined using the Shapiro–Wilk normality test and Levene’s F test, 

respectively. When the requirement for equal sample size, normality or homogeneity 

of variance were not fulfilled, the non-parametric equivalent test was instead applied. 

For these analyses, we assumed the wet season was independent to the dry season 

(independent variable, unpaired). Data was recombined and split by location, then t-

test or Welch's unpaired t-test with unequal variance were applied to test the 

significance of location, (TB1 TB2), for each dependant variable (15N in POM, 

sediment and shrimp). All statistical analyses were performed using ‘R’ statistical 

software (R Development Core Team, 2019) with statistical significance determined 

at α= 0.05 level. 

 

3. Results 

3.1. Variation in 15N enrichment between seasons 

15N enrichment values in the POM in the dry season were significantly higher 

(W=119, P<0.01) than the wet season (6,000 ± 3,600 ‰ compared to 2,100 ± 1,700 

‰) (Fig 2, Table 3). The opposite was true of sediment 15N enrichment values, that 

were significantly higher in the wet season compared to the dry, for samples collected 

on both days 1 (W=10, P <0.01) and 13 (W=2, P <0.01). Season had no significant 

effect on shrimp 15N enrichment values (Fig 2). A few animals had a relatively high 
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level of enrichment, in both the wet and dry seasons, with the majority having very 

low enrichment levels (Fig. 3). 

3.2. Dry season  

The addition of dissolved 15N-ammonium to enclosures in the dry season experiment, 

i.e. April 2017, resulted in relatively high levels of enrichment of the POM in the 

water column one hour after isotope addition (Fig. 4). This compared with 

background 15N values of ~ 5 ‰. There was a significant (t=-2.18, df=18, P <0.05) 

difference in POM 15N values between TB1 (4,500±2,600) and TB2 (7,500±4,200) 

(Table 3). The high error margin was because enrichment levels in each treatment 

pond varied considerably across enclosures within each pond.  

In contrast to the water column POM, there was very low incorporation of 15N in the 

sediment, i.e. 3 ‰, one hour after addition (Fig. 4). Sediment enrichment was 

significantly higher in TB1 (1.3 ± 1.4 ‰) than TB2 (0.3 ± 0.6 ‰) (W= 190, P < 0.05) 

(Table 3). 15N-enrichment of the sediment increased significantly by day 13, when the 

experiment concluded (day 1, 0.78 ± 0.98 ‰ vs. day 13, 2.77 ± 0.91 ‰) (t= -2.9, df = 

22, P < 0.01) (Fig. 5). Enrichment levels were also significantly higher in TB1 

(3.57 ± 2.72 ‰) than TB2 at the end of the experiment (1.96 ± 2.27 ‰) (W = 232, 

P < 0.05).  

On day 13, the mean 15N enrichment of shrimp, i.e. 4.61 ± 2.78 ‰ was low (Fig. 5). 

There was a high level of variability between individual shrimp with some animals 

having values as high as 35.5 ‰ (Fig. 3).  

3.2. Wet season 

In the water column, POM 15N enrichment values were significantly lower in TB1 

(650 ± 270 ‰) than TB2 (3580 ± 1270 ‰) (t= -7.79, df = 12, P<0.001) (Fig. 4). 

Consistent with the previous experiment in the dry season, enrichment of the 

sediment was low, and these values (t = -3.36, df =19, P < 0.01) increased two-fold by 

the end of the experiment (Fig. 5). Enrichment levels in shrimp were also low, similar 

to the previous experiment, with a few individuals having higher levels of enrichment 

(Fig. 5). Many shrimp (>60%) had no visible food in their guts. In TB2, there was 

shrimp mortality in some enclosures, so results are only presented for some 

enclosures.  
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3.3. Chlorophyll a and biota estimates 

Chlorophyll a concentrations in the water column ranged from 13.0 to 39.4 µg L-1 

(Fig. 6). Whilst there was no significant difference between seasons, there were 

significant differences between ponds in the dry season with TB1 (39.37 ± 3.49 𝜇𝜇g L-

1) having significantly higher water column chlorophyll a concentrations than TB2 

(12.97 ± 4.09 𝜇𝜇g L-1) (t = 8.5, df = 3.9, P < 0.01).  

Benthic chlorophyll a concentrations were significantly higher in the dry season than 

the wet season (182 ± 84 and 52 ±19 mg m-2, respectively) (W = 398, P < 0.001) (Fig. 

6). Similarly, benthic chlorophyll a concentrations were twice as high in TB1 than 

TB2, during the dry season (t = 5.73, df = 10.9, P <0.001). This is consistent with 

enrichment levels where dry season 15N sediment values were higher in TB1 than 

TB2. This was not the case for the wet season, where concentrations of both water 

column and benthic chlorophyll a were the same across the two ponds. 

The macrobenthos density during the April experiment ranged from 129 to 191 

animals m-2, and 374 to 611 m-2 in September (Table 2). Macrobenthos was 

dominated by gastropods, predominantly the genera, Stenothyra and Sermyla. 

There were also bivalves present, but at lower densities.  

3.4. Physico-chemical conditions at time of experiments 

In the dry season, water temperatures ranged from 28℃ to 35℃, and in the wet 

season from 25℃ to 34℃ (Table 2). Dissolved oxygen concentrations were always 

taken during the day, but the time of day varied so values between seasons could not 

be directly compared. However, concentrations were always higher than 3.4 mg L-1 

during the experiments, and pH ranged from 8.10 to 8.55. Salinities ranged from 

16.17 t0 16.9 in the dry season experiment, and 1.15 to 1.41 in the wet season. 

Turbidity was 33.4 ntu in the dry season (only data from TB1 available), and 360-

365 ntu in the wet season experiment (Table 2). 

 

4. Discussion 

Primary producers in enclosures in two rice-shrimp ponds were successfully 

enriched with 15N-isotopes in our study, but there was little incorporation into the 

tissue of most stocked P. monodon animals, irrespective of the season. Observations 
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from the wet season experiment also showed that 60% or more of the animals had no 

food in the gut. Overall, these findings suggest that most shrimp were not feeding at 

the time of the experiment. Possible explanations for this are: inadequate food 

supplies, and/or poor water quality stressing shrimp ultimately affecting their 

feeding.  

There is evidence that food availability may be a limiting factor. There was little 

incorporation of 15N-isotope into the sediment, indicative of slow growth of the 

benthic algae which typically fuels growth of macrobenthic organisms. A parallel 

study in our ponds confirmed our findings of low benthic algal production, showing 

that primary production rates in the water column and sediment were low, compared 

with bacterial respiration rates (Luu et al., 2019). There were measurable densities of 

macrobenthos, mostly gastropods, in the sediment in both ponds during our study, 

but either these were not suitable food sources, or the density of animals was too low 

to meet the requirements of all shrimp in the ponds. Previous studies have identified 

that benthic animals are an important food source for shrimp in rice-shrimp culture 

ponds (Kautsky et al., 2000; Burford et al., 2004a). Additionally, studies of two other 

tiger shrimp species, i.e. Penaeus esculentus and Penaeus semisulcatus, showed that 

the gastropods are a common food source in natural systems (Wassenberg and Hill, 

1987).  

Another parallel study undertaken in the same ponds and year as our study has also 

suggested that the food supply was inadequate (Leigh et al., in press). This was based 

on whole-of-year measures of benthic chlorophyll a concentrations and densities of 

macrobenthos. Leigh et al., (in press) points to the alternation between low and high 

salinity in the ponds as being a barrier to establishment of benthic producers. Many 

algal and animal species cannot tolerate the wide range of salinities in rice-shrimp 

ponds, which may range from freshwater through to hypersaline (Kirst, 1990). Water 

temperature can also be a controlling factor for primary production, and in our study 

was high enough to physiologically stress the benthic algae, based on reports in the 

literature (Juneau et al., 2015; Leigh et al., in press).  

In contrast with the low level of enrichment of the benthic algae, there was 

significant enrichment of the water column POM, assumed to be mostly 

phytoplankton. P. monodon cannot target phytoplankton due to their feeding 

appendages, although, senescent phytoplankton may be minor contributors to 
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benthic organic matter, which can be consumed by P. monodon (Bombeo-Tuburan et 

al., 1993; Focken et al., 1998). Due to the feeding preferences of P. monodon, our 

study did not examine 15N-POM incorporation into shrimp. However, measurement 

of 15N in POM did demonstrate the utility of the 15N method in this study, and the 

overall primary productivity of the ponds. A study in 12 ponds in another rice-shrimp 

farming district in Vietnam also found a correlation between phytoplankton, 

measured as chlorophyll a concentrations, and shrimp production (Leigh et al., 

2017). Therefore, overall, it appears that insufficient primary production in rice-

shrimp ponds is limiting food availability for shrimp.  

The growth rates of P. monodon across the growing season in these ponds were low 

compared with growth rates measured in intensive ponds (Jackson and Wang, 1998). 

This may also point in adequate nutrition for shrimp, however, periods of poor water 

quality have been identified in the ponds in our study, including suboptimal 

temperature, dissolved oxygen and salinity (Leigh et al., in press) which can affect 

growth rates and survival (Mudagandur et al., 2016; Jiang et al., 2019). A study in 

rice shrimp ponds in the Hoa My district of Vietnam also showed that suboptimal 

temperature, dissolved oxygen and salinity had a major effect on production of 

shrimp, although the role of inadequate food supplies was not discounted (Leigh et 

al., 2017).  

Enriched stable isotopes provide a useful tool for understanding the nutritional 

needs of shrimp, although their use in aquaculture has been limited. Enriched 15N 

has been effectively traced from enriched soya bean sources in formulated feed 

through shrimp, their excretory products, and into ecosystems in intensive shrimp 

ponds (Burford and Williams, 2001; Burford et al., 2002). Additionally, 15N has been 

used to enrich natural biota in intensive shrimp ponds to determine the nutritional 

value of flocculated material and epiphytes to other shrimp species (Burford et al., 

2004b, c). It has also been used to study flocculated feed in tilapia production 

systems (Avnimelech and Kochba, 1999). However, the maximum benefit from using 

this stable isotope approach occurs when shrimp are feeding. In our study, many 

shrimp were not feeding, indicated by the lack of enrichment. This result limited 

interpretation but clearly using a 15N tracer showed that feeding was inadequate. 

4.1 Conclusions 
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Low 15N enrichment of shrimp in the feeding experiments reported here, combined 

with whole-year studies of the same ponds (Luu et al., 2019, 2020; Leigh et al., in 

press), suggest periods of sub-optimal water quality and low rates of primary 

productivity result in inadequate food supplies for optimal growth. This points to the 

possible benefits of high-quality formulated feed addition to supplement the natural 

food supply, especially during periods when environmental conditions are 

suboptimal for growth of natural food sources. The rice-shrimp farming systems in 

the Mekong Delta experience seasonal alternation of environmental stresses, 

therefore meeting animal food demands with high quality supplementary feeding 

may decrease this limit to production.  
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Figure Legend 

Figure 1: Map of the study site in Tan Bang district, Ca Mau province, Vietnam. 

Ponds used in 15N studies were TB1 and TB2. Figure modified from Luu et al., (2019). 

Figure 2. Box-whisker plots of 15N enrichment of sediment after (a) 1 h, and (b) 13 

days, incorporation into POM after (c) 1 h, and incorporation into shrimp after (d) 13 

days from all enclosures in both ponds undertaken in the dry (April 2017) and wet 

seasons (October 2017). Significance between season is indicated as ‘a’ and ‘b’ at 

* P < 0.05, ** P < 0.01, *** P < 0.001, as resulted from t-test or Wilcoxon rank sum 

test.  

Figure 3. Number of individual shrimp classified into groups based on their 

measured 15N enrichment values after 13 d during the (a) dry, and (b) wet seasons. 

Figure 4. Box-whisker plots of 15N enrichment of POM after 1 h in all enclosures in 

ponds TB1 and TB2 in (a) dry season, and (b) wet season, and sediment after 1 h in 

all enclosures in ponds TB1 and TB2 in (c) dry season, and (d) wet season. Significant 

differences between seasons are indicated at * P < 0.05, ** P < 0.01, *** P < 0.001, as 

resulted from t-test or Wilcoxon rank sum test. 

Figure 5. Box-whisker plots of 15N enrichment of sediment after 13 d in all enclosures 

in ponds TB1 and TB2 in (a) dry season, and (b) wet season, and shrimp after 13 d in 

all enclosures in ponds TB1 and TB2 in (c) dry season, and (d) wet season.  

Significant differences between seasons are indicated at * P < 0.05, ** P < 0.01, 

*** P < 0.001, as resulted from t-test or Wilcoxon rank sum test. 

Figure 6. Box-whisker plots of the chlorophyll a concentrations in the (a) water 

column (µg L-1), and in the (b) sediment (mg m-2), during 15N enrichment 

experiments in ponds TB1 and TB2 in the wet and dry seasons. Significant 

differences between ponds are indicated by ‘a’ and ‘b’ on the x axis label with * P < 

0.5, ** P < 0.01, *** P < 0.001. 
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Table 1. Whole-year shrimp and crab production, and related data for two rice-

shrimp ponds in 2017. Table modified from Leigh et al., (in press). 

Parameter TB1 TB2 

Area (ha) 1.5 2 

Total postlarvae stocked 75 000 100 000 

Shrimp survival (%) 40 41 

Total shrimp yield (kg ha-1) 531 525 

Total crab yield (kg ha-1) 35 86 

Total rice yield (kg ha-1) 3 333 1 750 

Mean weekly growth rates (g week-1) 
0.66 (stocked Cohort 1) 

0.70 (stocked Cohort 2) 
0.45 
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Table 2. Background physico-chemical parameters and shrimp data in the ponds 

during the 15N feeding experiment. nd = no data. TB1 was sampled between 1000 – 

1200 hm and TB2 between 1000 and 1440 h. 

 Dry Season Wet Season 

Parameter TB1 TB2 TB1 TB2 

DO (mg L-1) 3.44 7.89 5.48 4.97 

pH 8.10 8.55 8.13 8.39 

Salinity 16.90 16.17 1.41 1.15 

Turbidity (NTU) nd 33.4 360 365 

Euphotic depth (m) 0.85 1.12 0.71 0.94 

Min and max 

temperature (°C logged 

every hour) 

28.1 – 35.3 29.2 -32.0 25.0 – 33.0 

 

24.9 – 34.3 

Macrobenthos  

(ind m-2) 

191 129 611 374 

Shrimp weight at end 

of experiment (g) 

13.4 (7.8) 5.4 (2.4) 20.7 (3.2) 12.8 (6.5) 

% shrimp with no food 

in the gut 

nd nd 60 83 
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Table 3. Mixed effect model showing effect of explanatory variables on enrichment 

of 15N in POM and sediment across enclosures, ponds and seasons.  

Model parameter 15N POM values (‰) 15N sediment values (‰) 

 R2 = 0.69*** R2 = 0.31*** 

Intercept (error) 7450 ± 753*** 0.90 ± 0.84 

Location (Pond) 2950 ± 562*** 0.44 ± 0.87 

Enclosure (within pond) ***  

Season  3905 ± 548*** -0.22 ± 0.14 (dry) 

2.95 ± 0.50*** (wet) 

^Enclosure coefficient values not shown. Factor and significant. P < 0.001 is notated as ***. 
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