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The two aquasilviculture systems in Ca Mau province are 1) mixed system and 2) 
separate system (Johnston et al., 1999a; Clough et al., 2002). The mixed system has 
channels dug through the mangroves with vegetated dikes or levees, whereas in the 
separate system the mangroves are grown separately next to the pond and levees are 
bare (Johnston et al., 1999a). The systems can be classified into four different types, 
reflecting intensity and species focus, as follows: (1) the traditional mixed mangrove 
farming system relying on natural stocking (mainly Metapenaeus ensis and M. lysianassa 
and to some extent also Penaeus indicus). Secondary fisheries products in this system 
consist of fish (barramundi, mullet) and mud crabs. (2) Natural stocking and also 
hatchery reared shrimps. (3) Both hatchery reared shrimps and mangrove crabs (Scylla 
serrata). (4) Blood cockles (Anadara granosa) are added to the shrimps and the crabs 
(Minh, Yakupitiyage and Macintosh, 2001; FitzGerald 2002). In addition to the pond 
production and forest production, secondary cash crops are cultivated along the pond 
dikes (e.g. bananas, taro, pineapples, cherries, etc.). The natural food, developing from 

Figure 7
Map showing the location of two main Fishery-Forestry Enterprises – TG3 and SFFE 

184, Ngoc Hien District, Ca Mau Province, focusing on aquasilviculture practices 

Source: from Preston et al. (2003).
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mangrove litter and materials and species being transported into the pond with the 
tides, is not sufficient to support higher stocking densities of hatchery reared larvae. 
To support additional stocking farmers add either fertilizers or supplemental feeds. 
However, the increased inputs can result in degradation of water quality and pond 
environment (i.e. increased organic matter and ammonia) (Johnston et al., 1999a). A 
higher production increases accumulation of solids in the ponds and channels, which 
have to be removed. Dumping the solids onto the vegetated flats and dikes leads to 
poor growth of mangroves from elevated farm area and to decreased tidal flushing 
(Primavera, 2000). In many areas of the Mekong Delta using such practices, has shrimp 
yields per unit area have declined (de Graaf and Xuan, 1998; Johnston et al., 2000a). 
Low quality and quantity of seed may be resulting from poor pond management, 
overexploitation of wild stock, and disease outbreaks (Binh, Phillips and Demaine, 
1997; Johnston et al., 1999a: 2000a).

The production from different types of aquasilviculture systems in Ca Mau is 
presented in Table 7. Production is low for all systems, averaging some hundred 
kilograms per year, and even if accounting for the multiple products of fish and 
crustaceans they fall short when comparing with production per unit area from 
intensive culture of e.g. shrimps or fish. Johnston (2000b) showed that yields were 
significantly higher from extensive aquasilviculture farms compared to traditional 
farms, and that secondary integrated products, such as fish and mud crabs, increased 
total farm income by 14 percent. Binh, Phillips, and Demaine (1997) demonstrated that 
integrated mangrove– shrimp farms with a mangrove cover of 30–50 percent of the 
pond area had higher economic returns compared to farms where mangrove had been 
cleared. This comparison included only farms depending on natural productivity.

Even when production of various land crops and yields from the mangrove forest 
are included, both production and profits are still relatively low. However, mixed 
mangrove-aquaculture systems have been sustainable for a long time (FitzGeralds, 
2002); while semi- and intensive shrimp pond farming have had limited lifetime due to 
their environmental impacts (Kautsky et al., 2000). Further, clearance of mangroves, 
and degradation of the coastal environment involved with more intensive shrimp 
pond-farming in the intertidal zone leads to loss of various goods and services from 
the coastal zone (Rönnbäck, 2001), something that impacts negatively on other people 

Mixed shrimp-mangrove culture in Ca Mau, Viet Nam.  
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living within and from the coastal or adjacent inter-linked ecosystems (i.e. in the 
seascape). Hambrey (1996b) calculated that, due to low investment requirements, 
traditional activities such as mud crab fisheries and charcoal or pole production have a 
higher profit margin than any form of aquaculture developed in mangrove areas. Crop 
diversification on a farm also reduces the risks from income and food loss, something 
that is especially important for subsistence farmers. More intensive shrimp aquaculture 
depends on high capital investment and is susceptible to diseases (Clough et al., 2002), 
which for most farmers imply high risks.

Aquasilviculture in Viet Nam has been developing towards maximizing production 
of higher valued species per unit area by means of increased inputs (feed and seed) 
(Clough et al., 2002). In addition to shrimps, the mangrove crab is increasingly being 
farmed. This is not specific for Viet Nam but it is seen in other countries as well. The 
mangrove crab has been shown to be a good species for polyculture, particularly with 
finfish species (milkfish and tilapia) and seaweeds (Gracilaria). Crabs for grow-out 
are either stocked directly in the culture pond or in pens situated in the mangroves. 
The latter is being practised in the Philippines and Sarawak, East Malaysia (Primavera, 
2000) (see below).

The development of intensive aquasilviculture practices in e.g. Ca Mau province 
may generate short-term benefits but results in the eventual loss of productive land 
(Clough et al., 2002). This would indicate the need for proper land use planning and 
implementation of incentives for sustainable farming practices (i.e. enabling mangrove 
conservation) (Clough et al., 2002). However, the question remains, what practices 
meet the sustainability criteria in a broader sense? The National Consortium for Forest 
and Nature Conservation in Indonesia reviewed five mixed mangrove – aquaculture 
systems, ranging from traditional to more intensive, and concluded that a single 
sustainability model could not be identified for all locations, since such models are 
highly site specific as well as subject to other local conditions that influence a system’s 
sustainability (Anonymous, 1996b).

Case study 2 – Mud crab farming in the Philippines
Mud crab farming is argued to be environment-friendly, particularly to mangroves 
(Primavera, 2005). The culture of mud crabs Scylla sp. in mangrove pens can be 
conducted in such a way that mangroves are preserved both within and out-side the 
net pens. Feed usually consists of low-value fish, which may be questionable from a 
sustainability perspective in those cases where such fish constitute affordable and needed 
protein source for poor people. The interaction between mangroves and mud crab 
farming, both with respect to benefits from integration, and potential negative impacts 
on the mangrove ecosystem have not been sufficiently evaluated. Primavera et  al., 

Table 7 
Production from different mixed mangrove-aquaculture systems in Ca Mau, Viet Nam.  
Kg/ha/year  
Production Traditional Hatchery reared 

shrimp
Hatchery reared 
shrimp/crab

Hatchery reared shrimp/crab 
and cockle

P. monodon 72 ± 85 107 ± 99 107 ± 99

Shrimpsa 290-400 333 ± 111 425 ± 102 425 ± 102

Crabsb 24 ± 13 62 ± 50 62 ± 50

Cocklec 1.300

Fishd

Mangrovese

a) Metapenaeus ensis and M. lysianassa and to some extent also P. indicus 
b) Scylla sp.
c) Anadara granosa
d) Fish mainly for household consumption
e) Contributing only with about 1 % of household selling

Sources: from Minh et al. (2001), Johnston et al. (1999a).
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(in revision) studied how mud crabs pen systems (mixed of Scylla olivacea, S. serrata, 
and S.  tranquebarica, stocked at 0.5–0.8/m2 in 400/m2 net pens) can benefit from 
mangrove production by comparing performance of different feed alternatives. The 
study also quantified impacts on mangrove macroflora from pen crab farming in the 
Aklan province, central Philippines. The different feeding treatments included no 
feeding (natural productivity), no feeding for 1 month + supplementary feeding, fish, 
low-cost pellets (2  percent  fishmeal), and pellets + fish. Not surprisingly the crabs 
being fed fish had the highest production, but the difference in survival rates was not 
significant between the treatments (Table 8). The study showed that growth rates 
among different treatments, including crabs with no feeding, were similar during the 
two first months of cultivation. A sensitivity analysis, comparing fish with pellets + 
fish, showed improved economic performance for the latter.

The crab cultures did not affect mangrove trees, although it reduced species diversity 
and also numbers and biomass of seedlings and saplings (Primavera et al., in revision). 
The authors recommended mud crab pen culture in mangroves with mature trees, but 
not in newly planted or newly colonized (wild) areas, and suggested that development 
of low-cost pellets can reduce dependence on local fish.

Mangroves as nutrient filters for shrimp pond effluents
Studies on aquasilviculture systems have mainly focused on production, and less on 
water nutrient quality (e.g. Johnston et al., 2002; Primavera et al., 2007). However, 
information about the role of mangroves for nutrient sequestration does exist, mainly 

Table 8
Summary of survival and production of wild Scylla olivacea with different feeding treatments 
in 200 m2 mangrove pens in Zarraga, Iloilo 

No feeding 1 month supplem. feed Fish Pellets

BW (g) Initial 65.9 ± 4.5 68.2 ± 6.9 65.1 ± 4.0 58.2 ± 2.7

               Final 114.5 ± 5.2 119.6 ± 5.2 129.3 ± 4.6 121.2 ± 4.6

Survival rate (%) 15.2 19.2 21.8 15.9

Total prod. (kg) 8.6 11.4 14 9.6
Source: from Primavera et al., (in revision).

Mudcrab aquasilviculture, Aklan, Philippines.  
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in association with pond culture of shrimps (and sewage treatment). Thus another way 
to integrate aquaculture and mangroves is to discharge pond effluents into natural or 
planted mangrove forests. This approach is different from extensive aquasilviculture, and 
in addition to mangrove conservation it also aims at limiting the risk of eutrophication 
of adjacent open waters (Twilley, Chen, and Hargis, 1992; Robertson and Phillips, 
1995; Massault, 1999; Rivera-Monroy et al., 1999). The function of mangroves to act as 
nutrient sinks has been emphasized (Nedwell, 1975; Tam and Wong, 1993; 1995; 1996; 
Corredor and Morell, 1994; Wong et al., 1995; Alongi, 1996; Tam, Yang and Wong, 
2006). Specific processes studied were sedimentation, decomposition, nutrient uptake 
by plants and bacteria, nitrification-denitrification, and soil absorption of nutrients 
(Nedwell, 1975; Robertson and Phillips, 1995; Boyd and Tucker, 1998; Rivera-Monroy 
et al., 1999). The use of mangroves as filters for absorbing effluents of intensive shrimp 
culture ponds is being recommended in countries like the Philippines (Primavera, 2000; 
Baliao and Tookwinas, 2002).

The discharge of aquaculture wastewater to the sea through mangroves is likely to 
benefit coastal fisheries and mangrove growth, and minimize coastal contamination 
(and thereby providing a higher-quality water supply for coastal aquaculture in 
general) (Boyd, 1997; Primavera et al., 2007). There are, however, only a limited 
number of studies investigating how aquaculture farm effluent impacts mangrove 
nutrient absorption/transfer efficiency and productivity in the mangrove food web 
(Sansanayuth et al., 1996; Massaut, 1999; Rivera-Monroy et al., 1999; Rivera-Monroy, 
Twilley and Castañeda, 2001; Gautier, Amador and Newmark, 2001; Gautier, 2002; 
Valderrama and Engle, 2002; Primavera et al., 2007). This is, however not surprising 
as measuring nutrient fluxes in coastal wetlands proved to be difficult (e.g. Boto and 
Robertson, 1990; Wattayakom, Wolanski and Kjerfve, 1990). Theoretical calculations 
show that 2–22 ha of mangrove wetlands are required to remove nutrients produced by 
1 ha of semi-intensive shrimp pond (Robertson and Phillips, 1995) (Table 9). However, 
this calculation was based on uptake by the mangrove vegetation and did not take 
into account nutrient loss through denitrification, sedimentation, and soil absorption 
(Boyd and Tucker, 1998; Rivera-Monroy et al., 1999). Theoretical calculations based 
especially on vegetation uptake data are complemented by actual trials using both 
natural mangroves (Boonsong and Eliumnoh, 1995; Gautier, 2002; Primavera et  al., 
2007) and constructed or planted mangroves (Sansanayuth et al., 1996; Ahmad, 2000) 
to treat shrimp pond wastes.

Based only on plant uptake Rivera-Monroy et al. (1999) found that 0.5–1.8 ha of 
Colombian mangroves were needed to remove dissolved inorganic nitrogen produced 
by 1 ha of semi-intensive shrimp pond. This ration dropped to only 0.04–0.12, once the 
denitrification capacity of the mangroves was also considered. Even though it is difficult 
to extrapolate to other areas due to large variability and complexity of mangrove 
systems, these findings suggest that some, but not all, mangroves can effectively 
treat aquaculture wastes. Denitrification was of only minor importance (< 1 percent 
of the total N budget) in a pristine mangrove forest comprised of Rhizophora 

Table 9
Comparison of published ratios of mangrove: shrimp pond area, illustrating the areas of 
mangroves that are needed for total removal of nutrients released in shrimp pond effluents

Reference System Mangrove: pond ratio (area)

N  P 

Boonsong and Eiumnoh, 1995 Intensive 9:1 8:1

Robertson and Phillips, 1995 Intensive 7:1 22:1

Semi-int. 2:1 3

Kautsky et al., 1997 Semi-int. 6:1 6:1

Primavera, 2005      Intensive 3-7:1

Semi-int. 2:1
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(Kristensen, 1997). Mangroves (a mix of planted and natural) only partially biofiltered 
shrimp wastes in an integrated semi-intensive system (Litopenaeus vannamei) and 
mangroves (dominated by Rhizophora mangle) Gautier (2002). Water flow through 
the 120 ha mangrove forest, which was surrounded by levees, was directed by concrete 
structures and several exits (allowed for controlling water residence time) within the 
mangrove unit before the water entered the adjacent lagoon (Figure 8). The mangroves 
decreased the suspended solid concentration, but concentrations of dissolved nutrients 
(SRP, TAN, and NO3) increased after passing through the mangrove biofilter; this latter 
phenomenon being explained by production of guano by a large bird community.

The authors concluded that mangrove growth and regeneration constituted an 
important factor for nutrient storage, but that nutrient cycling within the mangrove 
system was still poorly understood and needed to be further investigated. The 
study did not examine sediment biogeochemistry or fauna within the mangroves. 
As no water exchange was allowed from the lagoon into the mangrove biofilter, the 
mangroves function as nursery and feeding ground was lost. This could have negative 
consequences for coastal fishery production in the area.

Valderrama and Engle (2002) used own data and results from Rivera-Monroy et al. 
(1999) and Rivera-Monroy, Twilley and Castañeda (2001) to estimate the potential 
nitrogen and phosphorus treatment capacity for mangrove forests receiving effluents 
from shrimp aquaculture ponds in Honduras. The largest mangrove area calculated was 
for total nitrogen removal (45 percent of farm) and this was in accordance to Rivera-
Monroy, Twilley and Castañeda (2001).

Valderrama and Engle (2002) also calculated net returns for different Better 
Management Practices (BMPs) options and could show that natural and artificial 
mangrove biofilters involved the highest costs (Table 10). Construction of both 
settling basins and mangrove wetlands drastically reduced profit margins. The authors 
concluded that sophisticated mangrove biofilters could not be recommended for small 
farms in Honduras, and that financial incentives are required for farmers to adopt such 
practice. Valderrama and Engel (2002) (referring to work by Gautier (2002)) pointed 
out that such integrated system can result in significant savings if an effluent tax is 

Figure 8
Construction and flows through a mangrove biofilter in Colombia. Water directed by concrete 

structures and several exits, allowing for controlling water residence time before being released 
into adjacent lagoon

Source: From Gautier (2002).
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practised. This, together with the fact that mangrove biofilters allow for partial or 
complete recirculation of effluent-waters, could be seen as something positive for a 
farmer.

In another study, Primavera et al. (2007) estimated that 2.2 and 4.4 ha of mangrove 
area were required to process nitrogen wastes from one ha of semi-intensive and 
intensive shrimp pond (P. monodon with milkfish being separated by a net pen), 
respectively. In Table 9 this ratio is being compared to ratios obtained in other studies 
(theoretical and actual experiments). Differently from the study by Gautier (2002) 
the mangrove filter studied by Primavera et al. (2007) allowed incoming tides into the 
experimental ponds. This facilitated the entrance of wild organisms which could utilize 
the mangrove area and could then return to adjacent waters (Figure 9). Thus, mangroves 
used in such way retained some of their natural functions. Generally, brackishwater 

Table 10
Annual enterprise budget for an 85-ha shrimp cooperative in Nicaragua based on 2001 prices 
and costs. Two production cycles per year were assumed 

MBP Net returns/ha 
in baseline 
scenario

Net returns/ha 
in BMP scenario 
(US$/ha)

Change Description of change

Reduction in water 
exchange rates from 
10-11% to 5%

483 648 34% Total diesel cost decreased 
from US$7,701 to US$3,618

Application of entire 
ration of feed on feed 
trays

483 751 55% Total feed cost decreased from 
US$24,753 to US$18,147

Combined BMP: 
reduced water 
exchange rates and use 
of feed trays

483 916 89% Changes as above

Settling basin 
installation

483 244 -50% Fixed costs increased by 
US$240/ha (annual amortized 
cost of basin)

Construction of 
mangrove biofilter – 
Natural forest

483 333 -31% Fixed costs increased by 
US$150/ha (annual amortized 
cost of biofilter)

Construction of 
mangrove biofilter – 
Artificial forest

483 -442 -192% Fixed costs increased by 
US$925/ha (annual amortized 
cost of biofilter)

Source: From Valderrama and Engle (2002).

Figure 9
Schematic outline of aquasilviculture experiment conducted in the Philippines   

Source: From Primavera (in revision).
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pond aquaculture and mangroves are mutually exclusive since most fish and shrimps, 
require a permanent water column. In contrast, the growth and survival of mangrove 
trees, the dominant components of the ecosystem, require periodical water drainage 
by low tides. Therefore only a few animal taxa – mainly epifauna and infauna such 
as crabs and bivalves that bury in the substrate can be integrated in hydrologically-
intact mangrove habitats (Primavera, 2000; Williams and Primavera, 2001). None of 
the above-mentioned studies were, however, conducted over a longer time period, and 
because the “mangrove filter” functions as a sedimentation pond, the long-term impact 
of effluents on mangrove ecosystem has yet to be assessed (Gautier, 2002).

The use of constructed mangrove ponds (Rhizophora mucronata) to purify shrimp 
(Penaeus monodon) pond waste-water has been studied as part of a sustainable 
aquaculture research collaboration between the Faculty of Fisheries, Kasetsart 
University, Thailand, and Japan International Research Center for Agricultural Sciences 
(JIRCAS) (Fujioka, 2005; Fujioka et al., 2006; 2007). This effort was part of the research 
project “Studies on sustainable production systems of aquatic animals in brackish 
mangrove”. Fieldwork at Samut Songkhram Fisheries Research Station, optimized 
mangrove pond and shrimp pond ratios (Figure 10), and measured the role of benthic 
organisms and shrimp production in mangroves receiving shrimp wastewater (Fujioka 
et al., 2006). It was concluded that the mangrove system was overloaded if receiving 
shrimp wastes from shrimp farm area twice the size of the mangrove area. However, if 
areas allocated to shrimp and to mangrove were of similar size, bentic organisms were 
positively effected which also resulted in improved shrimp production (Fujioka et al., 
2006). There was no significant difference in nutrient concentrations between water in 
mangrove-shrimp ponds and single shrimp ponds (Fujioka et al., 2006) Biogeochemical 
processes were, however, not studied in greate detail in these studies.

In Indonesia, Ahmad (2000) and Ahmad, Tjaronge and  Suryati (2003) used natural 
mangroves in a “reservoir pond” to treat shrimp pond effluents. Water nutrient 
concentrations were lower in the mangroves than in the shrimp pond, but nutrient 
levels (particularly ammonia) slowly built up in both ponds. It was difficult to say 
anything about nutrient removal efficiency from the experiment as no controls 
were used. A separate tank experiment, to isolate nutrient uptake and water quality 

Integrated mangrove-aquaculture at Samut Songkhram Fisheries Research Station, Kasetsart 
University, Thailand.   
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(i.e.  microorganisms activity processes), did not result in any better understanding 
about efficiency. The potential benefits from mangrove production of bioactive 
compounds, acting as bactericides, was indicated by the findings that Vibrio spp. were 
always found to be lower in the mangrove reservoir water. However, the benefits to the 
shrimps from such reduction need to be studied in more detail, as shrimp are bottom 
dwellers and get exposed to bacteria populations in the sediments.

Special cases of integration
Farming herbivorous fish as feed for carnivore fish in polyculture
Polyculture where piscivorous fish species are used to control free spawning of 
targeted cultured fish species have been common practice in many tropical countries 
(i.e. for tilapia culture) (Guerrero, 1982; Mair and Little, 1991). Such practice reduces 
the risk of over-population and thereby increases economic performance. Variants of 
the practice include using larger predatory fish to control herbivorous fish in seaweed 
cultures (described earlier in text). Appendix 2 includes studies testing farming sea 
urchin on oyster ropes to control epiphytes (Lodeiros and Garcia, 2004), and Siganidae 
fish in cages with oysters to control epiphytes.

Poor Asian fish farmers often cannot afford good quality artificial feeds, necessary 
to farm higher valued fish species. A polyculture technique, where low valued inputs 
are transformed into high valued fish through intermediate production of low valued 
fish, has been applied by some farmers. Example of this practice can be seen in the 
Thai Ban Pho and Bang Pakong districts, were some farmers polyculture barramundi 
and tilapia in 0.6–1.6 ha ponds (personal observations, and personal communication 
Anocha Kiriyakit, AIT). The practice has been implemented in larger ponds in other 
districts. Water depth in such ponds is about 2–3 meters and they are prepared before 
stocking by draining, use of cyanide to get rid of snakehead fish (Channidae), and then 
dried for 3–4 days. Clean water is then pumped into the pond and chicken manure is 
applied 5–7 days before stocking takes place. Tilapia is stocked first, at about 40 000 
fingerlings per hectare, and 3‑4 months later 4 000 barramundi per hectare are added. 
The fish (i.e. mainly the tilapia) are then fed once a day with by-products (e.g. waste of 
soybean, waste from fish and chicken factory, rice bran, etc.). The type of feed added 
depends on availability and price. The carnivorous barramundis depend mainly on 
juvenile tilapias that are readily available from free spawning in the pond. The salinity 

Figure 10
Set-up of mangrove ponds (Rhizophora mucronata) to treat shrimp pond effluents (Penaeus 

monodon) in recirculation systems 

Source: From Fujioka et al. (2006).
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of culture water depends on the seasons, and it is around 20 ppt during January to 
April, and then gradually decreases to 0 ppt in July. The harvesting of barramundi 
in polyculture usually takes place after about 10–12 months, mainly around August 
when demand and price of barramundi is at its maximum. Price of tilapia is more stable 
throughout the year. Yearly harvest per hectare of polyculture pond is around 2.1–4.2 
tons of tilapia and 0.3–0.42 tons of barramundi.

Green water systems
“Biomanipulators” (e.g. all-male tilapia, milkfish, grouper, etc.) have been increasingly 
used, especially in shrimp farming polyculture (or practised as sequential integration) to 
“treat” the water (Wang et al., 1998; Baliao, 2000; Yap, 2000; Corre, 2000; Fitzsimmons, 
2001; Paclibare et al., 2002; Lio-Po et al., 2005; Tendencia, de la Peña and Choresca, 
2006; Martinez-Cordero, Duncan and Fitzsimmons, 2004; Yi and Fitzsimmons, 2004; 
Yi et al., 2004; Cruz et al., 2007). Tilapia is often co-cultured  with shrimps, in a wide 
range of salinity levels (from 0 to 30 percent), where the system either utilizes water 
from separate tilapia culture ponds and reservoirs, or tilapia are being stocked in 
cages inside shrimp pond or even mixed in the same ponds (Akiyama and Anggawati, 
1999; Lio-Po et al., 2005; Yi and Fitzsimmons, 2004). The excretion of nutrients from 
co-cultured species stimulates phytoplankton blooms, It is not exactly known what 
creates the positive qualities of the water (Leaño et al., 2005), but for shrimp farming 
this methodology may tackle disease problems in multiple ways: 1) the treated water 
may be beneficial to the shrimps by reducing light intensity and thereby decreasing 
stress at the bottom where the shrimps stay most of the time, 2) by preventing 
the growth of benthic algae, 3) by helping oxygenate the water during the day, 4) 
by stabilizing water temperature, 5) by promoting the development of a favorable 
microbial community composition, 6) by removing potentially toxic faecal wastes and 
metabolites, and 7) by promoting enzyme enhancement (Martinez-Cordero, Duncan 
and Fitzsimmons, 2004; Izquierdo et al., 2006). The “greening” effect of the culture 
environment can, however, also be achieved by other means than adding co-cultured 
species (Izquierdo et al., 2006).

Tilapia production in former shrimp ponds (with and without shrimp) has increased 
rapidly in many countries including Thailand, the Philippines, Honduras, Mexico, 
Peru and the inland desert of Arizona (Yap, 2000; Fitzsimmons et al., 2003). Results 
from a survey carried out in twelve Provinces in Thailand (Yi and Fitzsimmons, 2004) 
indicated that 42.6 percent of the farms used a simultaneous tilapia-shrimp polyculture 
system, and 16.4 percent used shrimp monoculture water from reservoir stocked 
with fish. Among the farmers practising mixed farming, 76.9 percent released tilapia 
directly into shrimp ponds, and 23.1 percent stocked tilapias in cages suspended in 
shrimp ponds. Farmers practicing green water technology with fish stocked in a larger 
reservoir will have to reduce the shrimp pond area to fit within the culture site. Income 
losses from reducing shrimp production area can be compensated by the sales of fish 
raised in the reservoir, and a more stable water quality will result in higher shrimp 
production per area (from suppression of growth of pathogenic Vibrio).

In the Philippines a 1:1 ratio of shrimp culture to reservoir area is being 
recommended. The reservoir is stocked with fish (e.g. tilapia) at 3–3.5 tons/ha. This 
maintains blooms of beneficial microalgae like Chlorella, having a suppressive effect 
on V. harveyi (Corre et al., 1999). The fish are also stocked in a cage inside the shrimp 
pond (Guerrero, 2006; Guerrero and Guerrero, 2006). In shrimp-milkfish polyculture, 
practised in areas where shrimp farming is no longer viable, the recommended area 
ratio has been 3:1 (Tendencia, de la Peña and Choresca, 2006).

Although today, fish are mainly being considered as a promoter of beneficial 
effects on water quality, in the future, alternative species groups such as seaweeds 
may function similarly. Seaweeds have been shown to inhibit aquaculture pathogenic 
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bacteria (Nagahama and Hirata, 1990; He et al., 1990; Pang, Xiao and Bao, 2006) and 
viruses (Tsutsui et al., 2007).

Development, incentives and constraints
Biological methods for water treatment based on integration with non-microbial 
organisms have been investigated and implemented in many tropical countries. Several 
approaches and designs removed both particulate and dissolved wastes, and at the same 
time also generated additional aquaculture crops and benefited physiologically the 
main cultivated species (see Appendix 2). However, the systems that have actually been 
implemented by farmers have generally belonged to the “simpler” polyculture practices, 
either traditional or based on more recent scientific findings. The question is then why 
new practices and technologies, for example sequential farming techniques, both on 
land and in open waters, have not become implemented at any larger scale in tropical 
countries (or elsewhere). The answer is probably related to the greater skills required 
for multi-unit multi-species culture, as different species and different units require 
different culture conditions and protocols. This is different from polyculture, where 
organisms share and must tolerate the quality of a common culture unit. Polyculture 
is thus simpler, even though of course it limits the species that can be farmed together, 
considering competition for feed, oxygen, and space (Lutz, 2003).

In small-scale experiments it may be easier to show the efficient biofiltering capacity 
and growth of co-cultured species, but when the technology is adjusted to larger scale 
operations it may prove difficult to match the different species requirements and 
maximize their exposure to the wastes in question. This will involve issues like water 
movements and retention times, particle and nutrient densities, water temperature 
and salinity, etc. Bivalves, for example, may be sensitive to salinity fluctuations, which 
may cause problems during some parts of the year. Oyster growth may be depressed 
if cultured too close to the bottom dominated by particles with low nutritional value 
(Lin, Ruamthaveesub, and Wanuchsoontorn, 1993; Soletchnik, Lambert and Costil, 
2005). Another aspect with respect to filter-feeders is the production of faeces and 
pseudo-faeces that can add to the sediment load in the system (Troell and Norberg, 
1998; Smith, 1999). Further, the scaling up from small scale experiments may reveal 
unknown effects with respect to performance at commercial scale (Troell et al., 2003).

This can be illustrated by preliminary experiments on polyculture of shrimps with 
sea cucumbers. Combining juveniles in culture tanks of 500–1 000 L the integration 
was successful suggesting that such integration was possible (Pitt et al., 2004; Purcell 
et al., 2006). However, when the integration was tested in ponds using shrimps and 
sea cucumbers of sizes likely to be reared together during commercial operations, the 
survival and growth of the latter were poor (Bell et al., 2007).

A review of the potential of seaweeds for the removal of nutrients from intensive 
mariculture, focusing especially on possibilities within tropical aquaculture in general 
and shrimp aquaculture in particular, Troell et al. (1999), concluded that there was a 
lack of information on the feasibility of the approach. Even though more studies have 
been conducted since then there still seems to be a lack of knowledge or/and interest in 
what intuitively seems to be a straightforward environmentally benign practice. Briggs 
and Funge-Smith (1993) reviewed the possibilities of culturing seaweeds together with 
shrimps. Data on growth, physiological properties, economic values, etc., led them to 
conclude that seaweeds could favorably be used as biofilters in shrimp ponds, being 
cultured either as polyculture or in an adjacent sedimentation pond (of about 30 
percent of the shrimp pond area in size). The measured benefits of the seaweeds were 
nutrient removal, and lessening of blooms and crashes of phytoplankton. The authors, 
however, pointed out the need for larger-scale experiments. Some seaweed species 
can be sensitive to salinity fluctuations, and can also suffer from light limitation in 
turbid and eutrophic pond effluents, as well as smothering by sediment and epiphytic 
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microbial growth (Smith, 1999; Troell et al., 1999). Indeed, poor seaweed growth in 
shrimp ponds has been linked to high epiphytic load and high water turbidity (Phang 
et al., 1996; Nelson et al., 2001; Marinho-Soriano, Morales and Moriera, 2002).

Integrated practices in open culture systems, characterized by a continuous exchange 
of water, which makes waste disposal difficult to control, have been rarely investigated 
in the tropics (Troell et al., 1999; Troell et al., 2003). The expansion of coastal 
cage farming (which is open by nature) in many tropical countries should provide 
opportunities to develop and study integrated practices, building upon experiences 
from temperate regions (China, Japan and Canada).

Issues related to sanitation, food safety, and environmental quality need to be 
considered in integrated aquaculture systems (Taylor, 2004). The predominance of 
regulatory regimes and instruments in aquaculture are relevant to monocultures much 
more than to integrated systems (Walrut, 2003). This implies that species produced in 
mixed cultures will be subject to the same regulations as those from monocultures, 
i.e. following regulations and standards specific for each individual species included 
in the culture, while positive or negative implications of the integration may be 
overlooked. From a European perspective, however, it is not likely that deployment 
of biofilter organisms should hinder development where a farm would be authorised 
under all other criteria (White and Pickering, 2003). Nevertheless, it has been argued 
that in many instances the development of multiple species culture may be subjected 
to further regulatory requirements in the future (White and Pickering, 2003). This 
will probably also be the case for integrated aquaculture in the tropics. Potential 
transmission of pathogens (or chemicals) from one species to another (Taylor, 
2004; Etienne et al., 2006), not only within the farm practicing integration, but also 
spreading to neighbour farms may occur. A federal regulation in Canada restricted 
the harvesting of shellfish within 125 m of a source of organic waste. However, IMTA 
research demonstrating that fish-farm waste does not constitute the same health 
issues as human wastes, has changed this regulation (Taylor, 2004). However, there is 
a need for more research on this topic in e.g. the tropics, in light of promising results 
about these isssues from integrated systems in other climates (see refs in Neori et al. 
[2007]).

It is also important to recognize that one practice, developed for a specific system 
or place, may need to be tested before being transferred and implemented in a different 
region or locality. For example, the ability of biofiltering systems to improve water 
quality may vary depending on initial water quality. In shrimp pond farming, factors 
like pond soil type, quality of affluent water, stage of the grow-out season, and 
management practices can all influence water quality (Ziemann et al., 1992 in Jones 
and Preston, 1999). It may also be difficult to generalize about economic performance 
(in those cases where it has been evaluated) because of the complexity of economic 
analyses.

Economic performance is probably a main reason for the low implementation rate, 
even after so many trials, of integrated designs and species combinations, especially 
of sequential practices in shrimp farming. Economic constraints in production and 
operating costs often make the treatment of farm wastes difficult to support (Muir, 1982), 
particularly in developing countries. This would also be true for more technologically 
integrated farming approaches (i.e. re-circulation) that may be more capital-intensive 
with higher labor costs for handling and harvest. The economic feasibility of most 
integrated practices experimented so far has not yet been demonstrated, especially at 
large-scale implementation (commercial). Thus, even though there are opportunities 
for integration, there is a need to clearly show and explain to farmers how resource 
use, space requirements, management, marketing, and economic issues could be 
solved. Existing monoculture farmers would otherwise be reluctant to move towards 
integrated systems (Hambrey and Tanyaros, 2003).
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Incentives that could be used to promote integrated practices are of economic 
(increased profits) and regulatory nature. The economic incentives may be related less 
to short-term profits than possibly to risk management, disease management, market 
acceptability, and additional sustainability considerations. Drivers for practising IMTA 
are found at different levels. The most obvious, at a farm level, is the economic gain 
from producing an additional crop. Thus, if no net benefits are resulting from inclusion 
and subsequent sale of added extractive species, the farmers will have no immediate 
profitability incentive to practise IMTA. This may excludes many extractive species. 
However, when the costs of environmental degradation by monoculture are estimated, 
internalized by regulations and taken into account in the production costs, this could 
increase the value of extractive species as their environmental services are accounted for. 
Further, where limitations to nutrient emissions apply, production of the main farmed 
organism could expand thanks to nutrients recycling by extractive species (a concept 
of nutrient credits, similar to that of carbon credits). Thus, from a societal perspective, 
these incentives together with potential consumer preferences for species produced in 
IMTA systems provide a higher return for the additional biofiltering (extractive) crop. 
Today the benefits are seen almost exclusively from a corporate/farm level, but not 
from a broader more general societal perspective.

Even though wastes from certain types of aquaculture are now considered by 
society as having wider negative environmental impacts, the costs of their mitigation 
represent no monetary compensation to the farms. This situation stems in part from the 
complexities involved in the identification and quantification of environmental impacts. 
Before the costs of certain mitigation efforts can be determined, it is necessary to know 
what values (goods and services) are being generated from the impacted system – i.e. 
a natural coastal ecosystem (or freshwater system), and how they are affected from 
aquaculture wastes (to be separated out from all other potential factors). Even though 
the information is scarce, this perspective needs to be addressed to encourage the 
development of new integrated technologies. An accurate or better estimate of overall 
ecological and economic benefits should create incentives for joint financing by diverse 
stakeholders within the sector (i.e. governments and the aquaculture industry).

While the initial financial risks may be steep for integrated practices at a shrimp 
farm, the possibility to run a closed system with biofilters could eliminate many of 
the production risks that are beyond the control of most shrimp farm operators (e.g. 
affluent water quality, diseases, etc.). However, this objective may be achieved also by 
other means than integrating with macroscopic animals and plants, illustrated by the 
recent development of “flock systems” in shrimp farming (Fast and Menasveta, 2000; 
Moss et al., 2001; Rosenberry, 2006).

In general, polycultures or other forms of multi-species systems have the possibility 
to reduce the financial risks, e.g. securing income if markets change drastically or if 
disease outbreaks affect one species. However, in practice, many farmers still prefer the 
simplicity of farming only one species. Thus, to promote changes in this widely adopted 
practice there is a need for developing economic incentives, or even implementing 
regulations to encourage greater diversity in aquaculture. Culturing more than one 
species should of course not be an ultimate goal for all farmers, but in situations 
when farmers choose to culture species in systems generating negative environmental 
impacts, integration should be promoted. Also farmers seeking quick returns from 
focusing on only one international “cash crop” species (risking significant market 
price fluctuations), may benefit from diversifying production. Certification systems, 
that include integrated approaches, could create incentives for farmers to adopt such 
practices. However, the many small-scale producers, that today operate some of the 
most efficient, environmentally sustainable, and socially equitable systems (extensive 
practices), may not be able to participate in certification schemes and traceable supply 
due to the different and costly standards that need to be met.
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CONCLUSIONS
There have been many different mixed species aquaculture systems in study and in 
operation throughout the tropics, especially so in South-East Asia. Of significance 
are the many varieties of polyculture in earthen ponds, the mangrove-mixed cultures 
and the rice-shrimp systems. Extensive shrimp and fish polyculture ponds dominate 
integration. Single-pond extensive polyculture techniques, which entail low levels of 
skill, capital investment and operation costs, are more suitable to small-scale farmers 
compared with sequential practices. However, in many countries there seems to be a 
trend of intensification in aquaculture. In many cases, this means also implementation 
of monocultures, whose adoption of IMTA practices requires separation of the cultured 
species in place and/or time.

The integration of shrimp with mangroves is an innovative approach, but before 
this can be promoted at any scale more research will be needed. This is also true for 
the special form of mixed mangrove-aquaculture. However, in addition to focusing on 
pond engineering and management in these systems, it is important to also focus on 
socio-economic characteristics of such practice, including both farm level and overall 
coastal communities at large. Mixed rice-shrimp culture has been practised in large 
scale and for a long time in many countries (e.g. Bangladesh, Viet Nam, and India), and 
these systems could be potentially be improved further.

The many experimental studies carried out on tropical species and systems have 
investigated various aspects of polyculture and integrated aquaculture. Most research 
efforts have been on different species combinations and systems aimed at generating 
additional crops, improving the quality of e.g. effluents discharged from shrimp cultures 
and to improve the culture environment. This has involved integration with species 
like tilapia, milkfish, oysters, mussels, seaweeds, etc. However, the many experimental 
trials on shrimp farms seem not to have been carried out in a systematic way and no 
real promotion/adoption of such systems seem to have been achieved. This may reflect 
that no successful system has been developed that is simple and profitable enough to 
appeal to farmers, considering the added costs involving new skills, investments and 
operation. Industrial research has also been carried out to promote and develop new 
technologies for re-circulation involving new shrimp species (Penaeus vannamei) 
and microorganisms (i.e. bacteria), something that probably offers a more interesting 
alternative for large-scale farms compared to integration with larger species. To make 
good long-term profits such farms must recognize the complexities involved when 
managing multitrophic species systems and, if needed, involve appropriate expertise. 
This is especially important in the start-up phase.

Without a clear recognition of the aquaculture sector’s large-scale dependency and 
impact on natural ecosystems and traditional societies, the aquaculture industry is 
unlikely to either develop to its full potential or continue to supplement ocean fisheries 
(Naylor et al., 2000; Chopin et al., 2001). Thus, to increase accessibility of seafood to 
economically depressed people, or even to maintain it at current levels, aquaculture 
development must be based on the right species choices and sound technologies. This is 
even more relevant to developing countries (Naylor et al., 2000; Williams et al., 2000). 
Thus, in solving the environmental problems associated with aquaculture the best 
available technology should be searched for; this may also involve extensive farming 
of low trophic species, in polyculture or monoculture, or more intensive re-circulation 
systems building on microorganisms as biological filters, or integration with larger 
extractive organisms. The choice of methods or systems may vary from place to place, 
and will depend on both the ecological as well as the social settings. Different systems 
may have somewhat different aims, some targeting high volume of low priced food 
species, some targeting export higher valued products, and some aiming mainly at 
providing income alternatives for poorer segments of the society. For some integrated 
techniques to develop there is a need for incentives that stimulate farmers to adopting 
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certain practices that benefit the society at large. These may include rewarding systems 
for e.g. choosing extractive species that decrease overall nutrient loading to coastal 
waters, or tax systems that increase the attraction for choosing certain species. The 
concept of integration should also be extended to integration of aquafarms into 
the coastal seascapes. Thus, this would imply the integration of different farming 
alternatives at a more local/regional level.

ACKNOWLEDGEMENTS
I am grateful to FAO for giving me the opportunity to write this review. This report would 
not have been possible without help from many people, I am especially grateful for the kind 
help during my visit to SEAFDEC, Tigbauan, Philippines, and there especially to Amelia 
Arisola at the Library; to AIT, Bangkok, Thailand, and there especially to Amararatne 
Yakupitiyage, Khun Lucia and Håkan Berg who kindly provided help during my visit; to 
the Network of Aquaculture Centres in Asia-Pacific (NACA), Bangkok, Thailand, and 
there especially to Koji Yamamoto who provided help in my search for publications. Aaron 
Conrey Hartmann provided invaluable help during data search and data compilation. I am 
most grateful to Amir Neori for critical and constructive comments on earlier versions of 
this report. Doris Soto provided inputs and helpful comments on earlier drafts.

I am also grateful for receiving publications and feedback on my questions 
from the following people: Oliver Schneider, Beni Giraspy, John Hambrey, Peter 
Edwards, Yang  Yi, Johan Verreth, Albet Tacon, Fatimah Yusoff, James Muir, 
William FitzGerald, Jurgenne Primavera, Jocelyn Ladja, Eduard Rodriguez, Anthony 
Ostrowski, Alfredo  Quarto, Fang Jianguang, Nesar Ahmed, Kevin Fitzimmons, 
Rajeev Raj, Jim Enright, Luis Martínez-Cordova, Narayan Kutty, Paul van Zwieten, 
Mohanakumaran  Nair, Ana Milstein, Abdul Wahab, Louis Lebel, Nigel Preston, 
Gary  Newkirk, Ed Glenn, Steven Purcell, Aviti Mmochi, Heidi Atwood, Nelzon 
Lopez, Kwei Lin, Dao Giap, Dirk Erler, Christian Lückstädt, Yoshimi Fujioka, C.V. 
Mohan, Yasunori Ishibashi, Yew-Hu Chien, Westly Rosario, Robert Twilley, Anong 
Chirapart, Olivier Joffre, Anocha Kiriyakit, Yuni Permana, Emmanuelle Roque 
d’Orbcastel, Yoram  Avnimelech, Alexandre Alter Wainberg, Diego Valderrama, 
Kou Ikejima, Malcolm Beveridge, Anne Hurtado, Iain Neish, Xavier Irz, Junda Lin, 
Stephen Battaglene, Ms. Rahmah, Cuimei Fen, Barry Costa-Pierce, Gopinath Nagaraj, 
John Hunt, Jocilla Ooi, Thai Ngoc Chien, Teodora Bagarinao and Sandra Shumway.

REFERENCES
Ahmad, T. 2000. The use of mangrove stands for shrimp ponds waste-water treatment. 

In Proceedings of the JIRCAS International Workshop on Brackishwater and Mangrove 
Ecosystems Productivity and Sustainable Utilization, Tsukuba, Japan, 29  Feb.-1 Mar. 
2000, pp.147-153.

Ahmad, T., Tjaronge, M. & Suryati, E. 2003. Performance of Tiger shrimp culture in 
environmentally friendly ponds. Indonesian Journal of Agricultural Science, 4(2): 48-55.

Ahmed, A.T.A. 1996. Policy guidelines for management of coastal shrimp culture 
development. A paper presented at the World Aquaculture ’96 Conference, Bangkok.

AIMS, RIA-2, NACA,. 1999a. Termination Report; Project PN9412: Mixed Shrimp 
Farming-Mangrove Forestry Models in the Mekong Delta. Part A – Main Report and 
Executive Summary. Australian Institute of Marine Science (AIMS), Research Institute 
for Aquaculture, No. 2 (RIA-2), Ho Chi Minh City; and Network of Aquaculture 
Centres in Asia-Pacific (NACA), Bangkok. 

AIMS, RIA-2, NACA, 1999b. Termination Report; Project PN9412: Mixed Shrimp 
Farming-Mangrove Forestry Models in the Mekong Delta. Part B. Technical Appendices. 
Australian Institute of Marine Science (AIMS), Research Institute for Aquaculture, No. 
2 (RIA-2), Ho Chi Minh City; and Network of Aquaculture Centres in Asia-Pacific 
(NACA), Bangkok. 



Integrated mariculture – A global review94

Akiyama, D.M. & Anggawa, A.M. 1999a. Polyculture of shrimp and tilapia in East Java. 
American Soybean Association (ASA), Technical Bulletin. AQ 47-1999. 7 pp.

Alcantara, L.B., Calumpong, H.P., Martinez-Goss, M.R., Menez, E.G. & Israel, A. 
1999. Comparison of the performance of the agarophyte, Gracilariopsis bailinae, and the 
milkfish, Chanos chanos, in mono- and biculture. Hydrobiologia, 398/399: 443-453.

Alongi, D.M. 1996. The dynamics of benthic nutrient pools and fluxes in tropical mangrove 
forests. Journal of Marine Resources, 54, 123-148.

Alongi, D.M., Dixon, P., Johnston, D.J., Tien, D.V. & Xuan. T.T. 1999. Pelagic processes 
in the extensive shrimp ponds of the Mekong delta, Vietnam. Aquaculture, 175: 121-
141.

Alongi, D.M., Johnston, D.J. & Xuan, T.T. 2000. Carbon and nitrogen budgets in shrimp 
ponds of extensive mixed shrimp-mangrove forestry farms in the Mekong delta, Vietnam.  
Aquaculture Research, 31(4): 387-399.

Anonymous, 1994. The closed recycle culture system for black tiger shrimp. C.P. Shrimp 
News, 2(5): 2- 3.

Anonymous, 2004. Environmental sustainability of brackish water Aquaculture in the 
Mekong delta Vietnam. Volume 1 – summary report. GAMBAS, European Commission, 
contract 99/362-B7/6200. 

Anonymous, 1996a. ASEAN Cooperation in Food, Agriculture and Forestry Manual. 
ASAEN good shrimp farm management practice. Fisheries Publication Series No. 1. 

Anonymous, 1996b. Anticipating the blue revolution: the socio-ecological impacts of 
shrimp culture in Indonesia. The National Consortium for forest and nature conservation 
in Indonesia. Konphalindo. 107 p. 

Anonymous, 1996c. The recirculation system, new technology for shrimp culture. In 
C.K. Lin and G.L. Nash (eds). Asian Shrimp News Collected Volume 1989-1995. Asian 
Shrimp Culture Council, C.P. Tower, 313 Silom Rd., Bangkok 10500, pp. 44-46. 

Anonymous, 1996d. The recycle system for shrimp culture. Ibid. pp. 52–54.
Anonymous, 1996e. Successful Indonesian experience in shrimp-fish integration in recycle 

system. Ibid pp. 56–58.
Avnimelech, Y. 2006. Bio-filters: The need for a new comprehensive approach. Aquacultural 

Engineering, 34: 172–178.
Aypa, S.M. & Baconguis, S.R. 1999. Philippines: Mangrove-friendly aquaculture. In: 

Primavera, J.H., Garcia, L., Ma. B., Castaños, M.T., Surtida, M.B. (eds). Proceedings 
of the Workshop on Mangrove-Friendly Aquaculture; 11‑15 January 1999, SEAFDEC 
Aquaculture Department, Iloilo, Philippines, pp. 41-57.

Baconguis, S.R. 1991. Aquasilviculture technology: key to mangrove swamp rehabilitation 
and sustainable coastal zone development in the Philippines. Canopy Intl. 17(6): 5-12. 

Baliao, D.D. 2000. Environment-Friendly Schemes in Intensive Shrimp Farming. State of 
the Art Series. SEAFDEC AQD, Iloilo, Philippines. 27 p.

Baliao, D.D. 2000. State of Art Environment-Friendly Schemes in Intensive Shrimp 
farming. Southeast Asian Fisheries Development Center, Association of Southeast Asian 
Nations, 24 p.

Baliao, D.D. & Tookwinas, S. 2002.  Best Management Practices for a Mangrove- Friendly 
Shrimp Farming.  Aquaculture Extension Manual No. 35, Aquaculture Department, 
Southeast Asian Fisheries Development Center, Tigbauan, Iloilo, Philippines, 50 p.

Barbier, E.B. 1994. Valuing environmental functions: tropical wetlands. Land Economics, 
70: 155-173.

Barbier, E.B. 2007. Valuation of ecosystem services supporting aquatic and other 
landbased food systems. In D.M. Bartley, C. Brugère, D. Soto, P. Gerber and B. Harvey 
(eds). Comparative assessment of the environmental costs of aquaculture and other 
food production sectors: methods for meaningful comparisons. FAO/WFT Expert 
Workshop.24-28 April 2006, Vancouver, Canada. FAO Fisheries Proceedings. No. 10. 
Rome, FAO. 2007. pp. 71–86



Integrated marine and brackishwater aquaculture in tropical regions: research, implementation and prospects 95

Barraclough, S. & Finger-Stitch, A. 1996. Some ecological and social implications of 
commercial shrimp faming in Asia, UNRISD Discussion Paper 74. Geneve, Switzerland: 
United Nations Research Institute for Social Development and World-Wide Fund for 
Nature International.

Be, T.T. 1994. Sustainability of Rice-Shrimp Farming System in a Brackish Water Area in the 
Mekong Delta of Vietnam. Master thesis, University of Western Sydney-Hawkesbury, 
Australia. 199 p.

Be, T.T., Clayton, H. & Brennan, D. 2003. Socioeconomic characteristics of rice–shrimp 
farms in the study region. In N. Preston and H. Clayton (eds). Rice–shrimp farming in 
the Mekong Delta: biophysical and socioeconomic issues. ACIAR Technical Reports No. 
52e, pp 15-27.

Bell, J.D., Agudo, N.N., Purcell, S.W., Blazer, P., Simutoga, M., Pham, D. & Patrona, 
L.D. 2007. Grow-out of sandfish Holothuria scabra in ponds shows that co-culture with 
shrimp Litopenaeus stylirostris is not viable. Aquaculture, 273: 509-519.

Bennett, E.M. & Balvanera, P. 2007. The future of production systems in a globalized 
world. Frontiers in Ecology and the Environment, Volume 5, Issue 4,191–198.

Berkes, F., Kislalioglu, M., Folke, C. & Gadgil, M. 1998. Exploring the Basic Ecological 
Unit: Ecosystem-Like Concepts in Traditional Societies. Ecosystems, 1(5): 409-415.

Beukeboom H, Lai C.K. & Otsuka M (eds). 1993. Report of the Regional Expert 
Consultation on Participatory Agroforestry and Silvofishery Systems in Southeast Asia, 
15-21 Nov 1992, Ho Chi Minh City, Vietnam. APAN Report No. 6, 133 pp. Asia-Pacific 
Agroforestry Network, Bogor, Indonesia. 

Beveridge, M.C.M., Phillips, M.J. & Macintosh, D.J. 1997. Aquaculture and the 
environment: the supply of and demand for environmental goods and services by Asian 
aquaculture and the implications for sustainability. Aquaculture Research, 28: 797-807.

Binh, C.T. 1994. An assessment of integrated shrimp-mangrove farming system in the 
Mekong delta of Vietnam. Master Thesis, Asian Institute of Technology, Bankok, 
Thailand.

Binh, C.T. & Lin, C.K. 1995. Shrimp culture in Vietnam. World Aquaculture, 26: 27-33.
Binh, C.T., Phillips, M.J. & Demaine, H. 1997. Integrated shrimp-mangrove farming 

systems in the Mekong delta of Vietnam. Aquaculture Research, 28: 599-610.
Boesch D. F. & Turner, R. E. 1984. Dependence of fishery species on salt marshes, the role 

of food and refuge. Estuaries, 7: 460–468.
Boonsong, K. & Eliumnoh, A. 1995. Integrated management system for mangrove 

conservation and shrimp farming: a case of Kung Krabaen Bay, Chanthaburi Province, 
Thailand. In C. Khemnark (ed), Ecology and Management of Mangrove Restoration 
and Regeneration in East and Southeast Asia. Proceedings of the ECOTONE IV. Surat 
Thani, Thailand, pp 48-66.

Boto, K.G. & Robertson, A.I. 1990. The relationship between nitrogen fixation and tidal 
exports of nitrogen in a tropical mangrove system. Estuarine, Coastal and Shelf Science, 
31: 531-540.

Boyd, C.E. 1997. Environmental issues in shrimp farming. In D.E. Alston, B.W. Green 
and H.C. III Clifford (eds). Cultivo Sostenible de Camarón y Tilapia. IV Simposio 
Centroamericano de Acuicultura. ANDAH, Puerto Rico, pp. 9-23.

Boyd, C.E. & Tucker, C.S. 1998. Pond Aquaculture Water Quality Management. Kluwer, 
Boston.

Brennan, D., Preston, N., Clayton H. & Be, T.T. 2002. An evaluation of Rice-Shrimp 
Farming Systems in the Mekong Delta. Report prepared under the World Bank, NACA, 
WWF and FAO Consortium Program on Shrimp Farming and the Environment. Work 
in Progress for Public Discussion. Published by the Consortium. 10 p.

Briggs, M.R.P. & Funge-Smith, S.J. 1993. Macroalgae in aquaculture: an overview and 
their possible roles in shrimp culture. In Proceedings of the Conference on Marine 
Biology in the Asia Pacific Region, Bangkok, Thailand. 16-20 November 1993.



Integrated mariculture – A global review96

Briggs, M.R.P. & Funge-Smith, S.J. 1994. A nutrient budget of some intensive marine 
shrimp ponds in Thailand. Aquacult. fish. Manag, 25: 789–811.

Browdy, C.L., Bratvold, D., Hopkins, J.S., Stokes, A.D., & Sandifer, P.A. 2001. 
Emerging Technologies for Mitigation of Environmental Impacts Associated with 
Shrimp Aquaculture Pond Effluents. Asian Fisheries Science, 14: 255-267.

Brzeski, V. & Newkirk, G. 1997. Integrated coastal food production systems - a review of 
current literature. Ocean & Coastal Management, 34(1): 55-71.

Buakham, S. 1992. Assessment of the use of green mussels for the treatment of shrimp 
pond wastewater. M.Sc. thesis, Asian Institute of Technology, Bangkok, 98 pp.

Bwathondi, P.O.J. 1986. The future of floating cage culture in Tanzania. In E.A. Huisman 
(ed). Proceedings of African Seminar on Aquaculture, organized by IFS, October 1985, 
pp. 246-252.

Candido, A.S., de Melo, A.P., Costa, O.R., Mascarenhas dos Santos Costa, H.J. 
& Igarashi, M.A. 2005. Effect of different densities in feed conversion of tilapia 
Oreochromis niloticus with marine shrimp Litopenaeus vannamei in policulture system. 
Revista Ciência Agronômica, 36(3): 279-284.

Cha, M.W., Young, L. & Wong, K.M. 1997. The fate of traditional extensive (gei wai) 
shrimp farming at the Mai Po Marshes Nature Reserve, Hong Kong. Hydrobiologia, 
352: 295-303.

Chaitanawisuti, N., Kritsanapuntu, A., Kathinmai, S. & Natsukari, Y. 2001. Growth 
trials for polyculture of hatchery-reared juvenile spotted babylon (Babylonia areolata) 
and sea bass (Lates calcarifer) in a flow-through seawater system. Aquaculture Research, 
32: 247-250. 

Chaiyakam, K. & Tanvilai, D. 1989. Use of mussel and Gracilaria to treat the effluent 
water from intensive shrimp ponds. National Institute for Coastal Aquaculture, 
Songkhla, Thai- land. Department of Fisheries Technical Paper, 1, 26 p. 

Chaiyakam, K. & Tunvilai, D. 1992. Experiments on using green mussel, Mytilus sp. and 
seaweed, Gracilaria fishery for biological wastewater treatment from intensive culture of 
tiger shrimp ponds. Technical Paper No. 6/1992, NICA, National Institute of Coastal 
Aquaculture, Songkhla.

Chandrkrachang, S. 1990. Seaweed/fish polyculture, a new approach in Thailand. FAO 
Fisheries Report 401, supp. pp. 307-308.

Chandrkrachang, S., Chinadit, U., Chandayot, P. & Supasiri, T. 1991. “Profitable spin-
offs from shrimp- Seaweed polyculture”. Infofish International, 6: 26-28.

Chen, S.N. 1995. Current status of shrimp aquaculture in Taiwan. In C.L. Browdy and 
J.S.  Hopkins (eds). Swimming Through Troubled Water, Proceedings of the Special 
Session on Shrimp Farming, Aquaculture’95. World Aquaculture Society, Baton Rouge, 
Louisiana. pp. 29-34. 

Chen, T.P. 1976. Aquaculture practices in Taiwan. Fisheries New Books Ltd., Farnham, 
Surrey, England, xiii, 162 p. 

Chiang, P., Chien, Y., Liu, H. & Kuo, C.M. 1990. Some ecological aspects of prawn culture 
problems in Taiwan. In R. Shirano and I. Hanyi (eds). 2nd Asian Fisheries Forum, Manila, 
Philippines, Asian Fisheries Society, pp. 81-84.

Chiang, Y.M. 1981. Cultivation of Gracilaria (Rhodophycophyta, Gigartinales) in Taiwan, 
pp. 569-574. In T. Levring (ed). Proceedings of Tenth International Seaweed Symposium, 
Goeteborg, Sweden. Walter de Gruyter and Company, Berlin.

Chiang,Y.M. 1992. Seaweed culture in Taiwan. In I.C. Liao, J.H. Cheng, M.C. Wu and J.J. 
Guo (eds). Proceedings of the Symposium on Aquaculture. Institute of Oceanography, 
National Taiwan University, Taiwan, pp.143-151.

Chien, Y.-H. & Tsai, W.-S. 1985. Integrated pond culture: a type of spatially sequential 
polyculture. Journal of the World Mariculture Society, 16: 429-436.



Integrated marine and brackishwater aquaculture in tropical regions: research, implementation and prospects 97

Chien, Y.H. & Liao, I.C. 2001. Pond Management Research in Taiwan. In I.C. Liao and 
J. Baker (eds). Aquaculture and Fisheries Resources Management: Proceedings of the Joint 
Taiwan-Australia Aquaculture and Fisheries Resources and Management Forum, TFRI 
Conference Proceedings 4, Taiwan Fisheries Research Institute, Keelung, Taiwan, pp. 
135-144.

Chien, Y.H. & Liao, I.C. 1995. Integrated approach to prawn growout system design. In 
C.L. Browdy and J.S. Hopkins (eds). Swimming Through Troubled Water,  Proceedings 
of the Special Session on Shrimp Farming, Aquaculture ’95. World Aquaculture Society, 
Baton Rouge, Louisiana. pp. 167-182.

Chien, Y-H. 1993. Research on prawn culture system and management in Taiwan. In 
I.C. Liao (ed). Proceedings of the Symposium on Aquaculture. Taiwan Fisheries Research 
Institute, Taiwan, pp. 101-117.

Chirapart, A. & Lewmanomont, L. 2004. Growth and production of Thai agarophyte 
cultured in natural pond using the effluent seawater from shrimp culture. Hydrobiologia, 
512: 117–126..

Chopin, T. 2006. “Rationale for developing integrated multi-trophic aquaculture (IMTA): 
an example from Canada” in Fish Farmer, 29: 20-21.

Chopin, T. & Yarish, C. 1998. Nutrients or not nutrients? That is the question in seaweed 
aquaculture. . . and the answer depends on the type and purpose of the aquaculture 
system. World Aquac. Mag., 29: 31–33, 60– 61.

Chopin, T., Buschmann, A.H., Halling, C., Troell, M., Kautsky, N., Neori, A., Kraemer, 
G., Zertuche-Gonzalez, J., Yarish, C. & Neefus, C. 2001. Integrating seaweeds into 
aquaculture systems: a key towards sustainability. J. Phycol., 37: 975-986.

Chopin, T., Robinson, S.M.C., Troell, M., Neori, A., Buschmann, A. & Fang, J.G. 2008. 
Ecological Engineering: Multi-Trophic Integration for Sustainable Marine Aquaculture In 
S.E. Jorgensen & B. Fath (eds). Encyclopedia of Ecology. Amsterdam. Elsevier, 3120 p.

Chow, F., Macciavello, J., Santa Cruz, S. & Fonck, O. 2001. Utilization of Gracilaria 
chilensis (Rhodophyta: Gracilariaceae) as biofilter in the depuration of effluents from 
tank cultures of fish, oyster, and sea urchins. J. World Aquac. Soc. 32: 214- 220.

Chua, T.E. 1997. Sustainable aquaculture and integrated coastal management, p.177-199. In 
J.E. Bardach (ed). Sustainable Aquaculture. New Jersey, John Wiley & Sons. 251 p.

Chuenpagdee, R. & Pauly, D. 2004. Improving the State of the Coastal Areas. Coastal 
Management, 32: 3-15.

Clarke, P.J., Komatsu, T., Bell, J. D., Lasi, F., Oengpepa C. P. & Leqata, J. 2003. Combined 
culture of Trochus niloticus and giant clams (Tridacnidae): benefits for restocking and 
farming. Aquaculture, 215: 123-144.

Clough, B., Johnston, D., Xuan, T.T., Phillips, M., Pednekar, S.S., Thien, N.H., Dan, 
T.H. & Thong, P.L. 2002. Silvofishery Farming Systems in Ca Mau Province, Vietnam. 
Report prepared under the World Bank, NACA, WWF and FAO Consortium Program 
on Shrimp Farming and the Environment. Work in Progress for Public Discussion. 
Published by the Consortium. 73 p.  

Clough, B.F. & Johnston, D.J. 1997. Project PN9412: Mixed Shrimp Farming – Mangrove 
Forestry Models in the Mekong Delta. Annual Report to the Australian Centre for 
International Agricultural Research. Australian Institute of Marine Science, Townsville, 
123 p.

Clough, B.F., Tan, D.T., Buu, D.C. & Phuong, D.X. 1999. Mangrove forest structure 
and growth. In B. Clough (ed). Mixed Shrimp Farming-Mangrove Forestry Models in 
the Mekong Delta, Termination Report, Part B: Technical Appendices, Canberra, ACT, 
Australia: Australian Centre for International Agricultural Research, pp. 235‑251.

Corre, K.G., Corre, V.L. & Gallardo, W. 1997. The Growth, Survival, and Production of 
Shrimp (Panaeus monodon) cultured with Green Mussel (Perna viridis) in Semi-intensive 
Ponds. UPV. J. Nat. Sciences, 2: 1-8.



Integrated mariculture – A global review98

Corre, V.L. Jr., Janeo, R.L., Caipang, C.M.A. & Calpe, A.T. 1999. Sustainable Shrimp 
Culture Techniques: Use of Probiotics and Reservoirs with “Green Water”. Philippine 
Council for Aquatic and Marine Research and Development, Los Baños, Laguna and 
University of the Philippines in the Visayas, Miag-ao, Iloilo. 32 p. 

Corre, V.L. Jr., Janeo, R.L., Caipang, C.M.A. & Calpe, A.T. 2000. Tips from the 
Philippines - Use of Probiotics and Reservoirs with “Green Water”- and another tips for 
a successful shrimp culture. Aquaculture Asia, 5(2): 34-38. 

Corredor, J.E. & Morell, M.J. 1994. Nitrate depuration of secondary sewage effluents in 
mangrove sediments. Estuaries, 17: 295-300.

Costa-Pierce, B.A. 2002. The Ahupua’a aquaculture ecosystems in Hawaii. In B. Costa-
Pierce (ed). Ecological Aquaculture: The Evolution of the Blue Revolution. Blackwell 
Publishing Limited; 2 edition, pp. 30-45.

Cruz, P.S., Andalecio, M.N., Bolivar, R.B. & Fitzsimmons, K. 2007. Tilapia-Shrimp 
Polyculture in Negros Occidental, Philippines. Aquaculture CRSP Abstract report, 
Grant No. LAG-G-00-96-90015-00.

Darooncho, L. 1991. Experiment on seaweed Polycavernosa fastigiata cultivation in drained 
pond from shrimp culture, Chantaburi Coastal Aquaculture and Research Center, Coastal 
Aquaculture Division, Department of fisheries, Tech. Paper No. 4, 25 p.

D’orbcastel, E.R. & Blancheton, J.P. 2005. The wastes from marine fish production 
systems: characterization, minimization, treatment and valorization. World Aquaculture, 
September: 28-35.

DDP, 1985. Shrimp culture in the semi-saline zone of the Delta: final report. Technical Report 
No. 13, Bangladesh–Netherlands Joint Programme. The Hague, Delta Development 
Project.

de Graaf, G.J. & Xuan, T.T. 1998. Extensive Shrimp farming, mangrove clearance and 
marine fisheries in the southern provinces of Vietnam. Mangroves and Salt Marshes, 2: 
159-166.

de la Cruz, C.R. 1995. Brackishwater integrated farming systems in Southeast Asia, 
pp. 23-36. In: T.U. Bagarinao and E.E.C. Flores (eds). Towards Sustainable Aquaculture 
in Southeast Asia and Japan. SEAFDEC Aquaculture Department, Iloilo, Philippines, 
pp. 23-36.

De Silva, S.S. 1998. Tropical mariculture: current status and prospects, In S.S. De Silva (ed). 
Tropical Mariculture. Academic Press, London. pp. 1-17.

De, N.N., Thai, L.X. & Phan. P.T. 2003. Selection of suitable rice varieties for monoculture 
and rice-shrimp farming systems in the Mekong Delta of Vietnam. In N. Preston and H. 
Clayton (eds). Rice–shrimp farming in the Mekong Delta: biophysical and socioeconomic 
issues. ACIAR Technical Reports No. 52e, pp. 53‑70.

Denny, M., & Fuss, M. 1983. A general approach to intertemporal and interspatial 
productivity comparisons. Journal of Econometrics, 23(3): 315-330.

Ding, T., Li, M. & Liu, Z. 1995. The pattern and principles of sythetical culture of the 
prawn cultivating ponds. J. Zhejiang Fish. College, 15(2): 134–139.

DOF, 1992. Experiments on green mussel, Mytilus sp., and seaweed, Gracilaria sp. for 
biological wastewater discharge treatment from intensive shrimp ponds. Bangkok, 
National Institute of Coastal Aquaculture, Department of Fisheries Technical Paper No. 
5, 24 p. 

EAS. 1998. Sustainable Aquaculture. Proceedings of the Second International Symposium 
on Sustainable Aquaculture, Oslo, Norway 2.-5. November, Publisher: A.A.Balkema: 
Rotterdam/Brookfield 1998.

EAS. 2001a. New species. New technologies. International Conference Aquaculture 
Europe 2001, Trondheim, Norway, August 4-7, 2001. EAS Special Publication No.29. 
2001, 286 pp.

EAS. 2001b. Better Use of Water, Nutrients and Space. Handbook from International 
Workshop, Trondheim, Norway, August 7, 2001, EAS Publication PUB-161, 62 pp.



Integrated marine and brackishwater aquaculture in tropical regions: research, implementation and prospects 99

EAS. 2002. Seafarming - Today and Tomorrow. International Conference Aquaculture 
Europe 2002, Trieste, Italy, October 16-19, 2002. EAS Special Publication No.32, 2002, 
562 pp.

EAS. 2003. Beyond Monoculture. International conference Aquaculture Europe 2003, 
Trondheim, Norway, August 8-12, 2003. EAS Special Publication No.33, 2003, 408 pp.

Edwards, P. 1992. Reuse of human wastes in aquaculture. A technical review. UNDP 
- World Bank Water Sanitation Program. The World Bank, Washington, D.C., USA. 
350 p 

Edwards, P. 1993. Environmental issues in integrated agriculture-aquaculture and 
wastewater fed fish culture systems. In R.S.V. Pullin, H. Rosenthal and J.L.  Maclean 
(eds). Environment and aquaculture in developing countries. ICLARM Conf. Proc. 31, 
pp. 139–170.

Edwards, P. 1998. A systems approach for the promotion of integrated aquaculture. Aquac. 
Econ. Manag, 2: 1-12.

Edwards, P., Pullin, R.S.V. & Gartner, J.A. 1988. Research and education for the 
development of integrated crop-livestock-fish farming systems in the tropics. ICLARM 
Stud. Rev., (16), 53 p.

EJF. 2003. In M. Shanahan, C. Thornton, S. Trent, and J. Williams (eds). Risky Business: 
Vietnamese Shrimp Aquaculture – Impacts and Improvements. Enviromental Justice 
Foundation (EJF), London, UK, 44 pp. [online] URL: http://www.ejfoundation.org/
pdf/risky_business.pdf 

Ekenam, S.B. 1983. Polyculture: A boost to the Green Revolution Programme. Proc. 
Annu. Conf. Fish. Soc. Nigeria 2, 117-119.

Eldani, A. & Primavera, J.H. 1981.Effect of different stocking combination on growth, 
production and survival of milkfish (Chanos chanos Forskal) and prawn (Penaeus 
monodon Fabricius) in polyculture in brackishwater ponds. Aquaculture, 23: 59-72.

Enander, M. & Hasselstrom, M. 1994. An experimental wastewater treatment system for 
a shrimp farm. Infofish International, 94(4): 56-61.

Erler, D.V., Pollard, P.C., Burke, M. & Knibb, W. 2000. Biological remediation of aquaculture 
waste: acombined finfish, artificial substrate treatment system. In M.S.  Kumar (ed). 
National Workshop on Wastewater Treatment and Integrated Aquaculture Production, 
17-19 September 1999. South Australian Research and Development Corporation, West 
Beach Adelaide, South Australia.

Erler, D., Pollard, P., Duncan, P. & Knibb, W. 2004. Treatment of shrimp farm effluent 
with omnivorous finfish and artificial substrates. Aquaculture Research, 35(9): 816‑827.

Etienne G., Douet, D.-G., Le Bris, H., Bouju-Albert, A., Donnay-Moreno, C., Thorin 
C. & Pouliquen, H. 2006. Survey of antibiotic resistance in an integrated marine 
aquaculture  system under oxolinic acid treatment. FEMS Microbiol. Ecol., 55: 439–448.

Fang, J., Kuang, S., Sun, H., Li, F., Zhang, A., Wang, X. & Tang, T. 1996. Status and 
optimising measurements for the culture of scallop Chlamys farreri and kelp Laminaria 
japonica in Sanggou Bay. Mar. Fish. Res. (Haiyang Shuichan Yanjiu) 17: 95-102. (In 
Chinese). 

FAO. 2006. State of world aquaculture: 2006. FAO Fisheries Technical Paper. No. 500. 
Rome, FAO. 134 p.

FAO. 2007. The National Aquaculture Sector Overview (NASO) – Indonesia. http://www.
fao.org/fi/website/FIRetrieveAction.do?dom=countrysector&xml=naso_indonesia.xml.

FAO/NACA. 1995. Regional Study and Workshop on the Environmental Assessment and 
Management of Aquaculture Development (TCP/RAS/2253), Appendix II Country 
Reports, II-6, Indonesia. NACA Environment and Aquaculture Development Series 
No. 1. Network of Aquaculture Centres in Asia-Pacific, Bangkok, Thailand.

Fast, A.W. & Menasveta, P. 1998. Some recent innovations in marine shrimp pond recycling 
systems. In T.W. Flegel (ed). Advances in shrimp biotechnology. National Center for 
Genetic Engineering and Biotechnology, Bangkok.



Integrated mariculture – A global review100

Fast, A.W. & Menasveta, P. 2000. Some Recent Issues and Innovations in Marine Shrimp 
Pond Culture. Reviews in Fisheries Science, 8(3): 151–233.

Fernando, C. 2002. Bitter harvest-rice fields and fish culture. World Aquac. Mag., 33(2): 
23-24, 64. 

FitzGerald W. J. 2002. Silvofisheries: Intergrated mangrove forest. In B. Costa-Pierce (ed). 
Ecological Aquaculture - The Evolution and The Blue Revolution, pp. 161‑262.

FitzGerald, Jr. W.J. & Sutika, N. 1997. Mangrove rehabilitation and management project 
in Sulawesi: artisanal fisheries. Ministry of Forestry, Government of the Republic of 
Indonesia, 74 p.

FitzGerald, W.J. 1997. Silvofisheries -  an environmentally sensitive integrated mangrove 
forest and aquaculture system. 1997. Aquaculture Asia, 2(3): 9-17. 

Fitzsimmons, K. 2001. Polyculture of tilapia and penaeid shrimp. Global Aquaculture 
Advocate, 4(3): 43-44.

Fitzsimmons, K., Contreras-Sánchez, W.M., Macdonald-Vera, A. & Hernández-
Vidal,  U.  2003. Survey of tilapia-shrimp polyculture in Mexico and Honduras. 
Tenth Work Plan, New Aquaculture Systems/New Species Research 3C (10NSR3C)/
Experiment/Mexico. Final Report - Pond Dynamics/Aquaculture CRSP, Twenty-First 
Annual Technical Report 1 August 2002 to 31  July  2003.Oregon State University, 
Oregon. 

Frei, M. & Becker, K. 2005. Integrated rice-fish culture: Coupled production saves 
resources. Natural Resources Forum, 29: 135–143.

Fujiokas, Y. 2005. Sustainable production systems of brackish mangrove areas: 2001-2005. 
In V.T. Sulit, E.T. Aldon, I.T. Tendencia, S.B. Alayon, and A.S. Ledesma (eds). Report 
of the Regional Technical Consultation for the Development of Code of Practice for 
Responsible Aquaculture in Mangrove Ecosystems. SEAFDEC Aquaculture Department, 
Tigbauan, Iloilo, Philippines.

Fujioka, Y., Srithong, C. & Shimoda, T. 2006. Studies on role of benthic organisms as food 
of shrimp aquaculture. JIRCAS Working report No. 44, pp. 31-36.

Fujioka, Y., Srithong, C., Shimoda, T. 2007. Role of benthic organisms in shrimp 
aquaculture and model experiment of recycling-oriented aquaculture system using 
natural production and purification. JIRCAS Working report No. 56, pp. 1-8.

Gautier, D. 2002. The Integration of Mangrove and Shrimp Farming: A Case Study on the 
Caribbean Coast of Colombia. Report prepared under the World Bank, NACA, WWF 
and FAO Consortium Program on Shrimp Farming and the Environment. Work in 
Progress for Public Discussion. Published by the Consortium. 26 p.

Gautier, D., Amador, J. & Newmark, F. 2001. The use of mangrove wetlands as a biofilter 
to treat shrimp pond effluents: preliminary results of an experiment on the Caribbean 
Coast of Colombia. Aquaculture Research, 32: 787-799. 

Gavine, F. M., Phillips, M. J. & Kenway, M. 1996. The integration of treatment systems 
to reduce environmental impacts from coastal shrimp ponds – biological and physical 
constraints. Unpublished manuscript. Network of Aquaculture Centres in Asia-
Pacific.

Giap, D.H. 2006. AC - Report - Shrimp farming systems in Hai Phong, Vietnam. 
Aquaculture Compendium. Wallingford, UK: CAB International.

Gomez, E.D. 1981. Potential for polyculture of Gracilaria with milkfish or crustaceans, 
pp. 91-93. In: G. C. Jr.Trono  & E. Ganzon-Fortes (eds). Report on the Training Course 
on Gracilaria Algae. Manila, Philippines, 1-3 Apr 1981. South China Sea Fisheries 
Development Coordinating Programme, Manila.

Gomez, E.D. & Azanza-Corrales, R. 1988. Polyculture of seaweeds with marine animals. 
In: Report on the Training Course in Seaweed Farming, Manila, Philippines, 2‑21 May 
1988, ASEAN/SF/88/GEN/6. ASEAN/UNDP/FAO Regional Small-Scale Coastal 
Fisheries Development Project, Manila, pp. 81-85.



Integrated marine and brackishwater aquaculture in tropical regions: research, implementation and prospects 101

Gonzales-Corre, K. 1988. Polyculture of the tiger shrimp Penaeus monodon with the Nile 
tilapia Oreochromis niloticus in brackishwater fishponds. In R.S.V. Pullin, T. Bhukaswan, 
K. Tonguthai and J.L. Macleam (eds). The Second International Symposium on Tilapia in 
Aquaculture. Manila, Philippines, pp. 15 – 20.

Gordin, H., Motzkin, F., Hughes-Games, A. & Porter, C. 1981. Seawater mariculture 
pond - an integrated system. Eur. Aquac. Spec. Publ. 6, 1-13.

Guanzon Jr., N.G., de Castro-Mallare, T.R. & Lorque, F.M. 2004. Polyculture of milkfish 
Chanos chanos (Forsskal) and the red seaweed Gracilariopsis bailinae (Zhang et Xia) in 
brackish water earthen ponds. Aquaculture Research, 35: 423-431.

Guerrero, R.D. 1982. Control of tilapia reproduction. In R.S.V. Pullin and R.H. Lowe-
McConnell (eds). The biology and culture of tilapias. ICLARM Conference Proceedings 
7, Manila, Philippines, pp. 309-316.

Guerrero, R.D. 2006. Eco-Friendly Fish Farm Management and Production of Safe 
aquaculture foods in the Philippines. Paper presented at FFTC-RCA International 
workshop “Innovative Technologies for Eco-friendly Fish Farm Management and 
Production of Safe Aquaculture Foods”. Denpasar, Bali, Indonesia.

Guerrero, R.D. & Guerrero, L.A. 2006. Brackishwater Culture of Tilapias in the Philippines: 
An Assessment. In: R. Bolivar, G. Mair, and K. Fitzsimmons (eds). Proceedings of 6:th 
International Symposium on Tilapia in Aquaculture, Manila, Philippines,  pp. 421-425.

Gundermann, N. & Popper, D. 1977. A comparative study on three species of prawns and 
their suitability for polyculture with fish in Fiji Island. Aquaculture, 11: 63-74.

Hambrey, J. 1996a. The mangrove question. Asian Shrimp News, Asian Shrimp Culture 
Council, Bangkok, Thailand, Issue No. 26, 2nd Quarter, pp. 43-47.

Hambrey, J. 1996b. Comparative economics of land use options in mangroves. Aquaculture 
Asia, 1: 10-14.

Hambrey, J. & Tanyaros, S. 2003. Integrated aquaculture: global experience, opportunities 
and constraints. In H. Reinertsen (ed). Beyond Monoculture, Aquaculture Europe 2003. 
European Aquaculture Society, Trondheim, Norway, pp. 22-26.

Hamilton, L., Dixon, J. & Miller, G. 1989. Mangroves: an undervalued resource of the land 
and the sea. Ocean Yearbook, 8: 254- 288.

Hariati, A.M., Giadnya, D.G.R., Fadjar, M., Muhammad, S., Faber, R., Verdegem, 
M.C.J.  & Boon, J.H. 1998. The impact of tiger shrimp, Penaeus monodon Fabricius, 
postlarvae stocking density on production in traditional tambak systems in East Java, 
Indonesia. Aquaculture Research, 29: 229-236.

Hasse, J. 1974. Utilization of Rabbitfish (Siganidae) in Tropical Oyster Culture. The 
Progressive Fish-Culturist, 36(3): 160-162.

He, X., Peng, T., Liu, S., Huang, J., He, Z., Xu, Q. & Huang, L. 1990. Studies on the 
elimination of stress factors in Penaeus diseases. Tropical Oceanology Redai Haiyang, 
9(4): 61-67.

Hempel, E., Winther, U. & Hambrey, J. 2002. Can Shrimp Farming Be Undertaken 
Sustainably? World Bank/NACA/FAO/WWF Consortium Program on Shrimp Farming 
and the Environment. 

Hong, P.N. 1996. Mangrove destruction for shrimp rearing in Minh Hai, Viet Nam: its 
damage to natural resources and the environment. SEAFDEC Asian Aquaculture, 18(3): 
6-11. 

Hopkins, J.S., Holloway, J.D., Sandifer, P.A. & Browdy, C.L. 1993. The production of 
bivalve molluscs in intensive shrimp ponds and effect on shrimp production and water 
quality. World Aquaculture, 24(2): 74-77.

Hopkins, J.S., Sandifer, P.A. & Browdy, C.L. 1995. A review of water management 
regimes which abate the environmental impacts of shrimp farming. In C.L. Browdy 
and J.S. Hopkins (eds). Swimming Through Troubled Water, Proceedings of the Special 
Session on Shrimp Farming, Aquaculture’95. World Aquaculture Society, Baton Rouge, 
Louisiana. pp.157-166. 



Integrated mariculture – A global review102

Hopkins, J.S., Holloway, J.D., Sandifer, P.A. & Browdy, C.L. 1997. Results of recent 
controlled comparisons of intensive shrimp ponds operated with and without water 
exchange. In D.E. Alston, B.W. Green and H.C. Clifford (eds). IV Symposium on 
Aquaculture in Central America: Focusing on Shrimp and Tilapia. Asociation National 
de Aquicultores de Honduras, Tegucigalpa, Honduras, pp. 157-158.

Hurtado, A.Q. & Agbayani, R.F. 2000. The Farming of the seaweed Kappaphycus. 
Extension Manual No. 23. SEAFDEC. 

Hurtado-Ponce, A.Q. 1992a. Cage culture of Kappaphycus alvarezii var. tambalang 
(Gigartinales, Rhodophyceae). Journal of Applied Phycology, 4: 311-313.

Hurtado-Ponce, A.Q. 1992b. Cage culture of Kappaphycus alvarezii cultivation (Doty) 
Doty andEpinephelus sp. In Alino (ed). Proceedings of the Second National Symposium 
in MarineScience, Tawi-Tawi, UP Marine Science Institute. 108 pp.

Hurtado-Ponce, A.Q. 1992c. Growth rate of Gracilariopsis heteroclada (Zhang et Xia) 
Zhang et Xia (Rhodophyta) in floating net cages as influenced by Lates calcarifer Bloch. 
In 2nd RP-USA Phycology Symposium/Workshop, 6-10 January 1992, Cebu City, 
Philippines, pp. 13-21.

ICAR. 2007. Indian Council of Agricultural Research (ICAR), India http://www.icar.org.
in/Drought/Drought4.htm

ICLARM. 2002. Status of the research component of the project “Strategies and options 
for increasing and sustaining fisheries and aquaculture production to benefit poor 
households in Asia”. ADB-RETA 5945 Inception Report.

Islam, M.S., Milstein, A., Wahab, M.A., Kamal, A.H.M. & Dewan, S. 2005. Production 
and economic return of shrimp aquaculture in coastal ponds of different sizes and with 
different management regimes. Aquaculture International, 13: 489‑500.

Islam, M.S. & Wahab, M.A. 2005. A review on the present status and management of 
mangrove wetland habitat resources in Bangladesh with emphasis on mangrove fisheries 
and aquaculture. Hydrobiologia, 542:165-190.

Iwama, G.K. 1991. Interactions between aquaculture and the environment. Crit. Rev. 
envir. Contr., 21: 177–216.

Izquierdo, M., Forster, I., Divakaran, S., Conquest, L., Decamp, O. &  Tacon, A. 
2006. Effect of green water and clear water and lipid   source on survival, growth and 
biochemical composition of Pacific   white shrimp Litopenaeus vannamei. Aquaculture 
Nutrition, 12: 192-202.

Jackson, C.J., Preston, N., Burford, M.A. & Thompson, P.J. 2003. Managing the 
development of sustainable shrimp farming in Australia: the role of sedimentation ponds 
in treatment of farm discharge water. Aquaculture, 226: 23–34.

Jacobs, M. 1991.The Green Economy. London, Pluto Press.
Jakob, G.S., Pruder. G-D. & Wang, J.K. 1993. Growth trial with the American oyster 

Crassostrea virginica using pond water as feed. Journal of the World Aquaculture Society, 
24(3): 344-351.

James, P.S.B.R., Raju, A. & Rengaswamy, V.S. 1984. Further Observations of Finfishes 
and Prawns in Saltwater Ponds and in a Net-Pen in Mandapam.  Indian Journal of 
Fisheries 31.

Joffre, O. in press. Salinity influenced coastal area Case study in Bac Lieu Province, Mekong 
Delta, Vietnam. World Fish Center, Challenge Program Water for Food n. 10. 78 pp. 

Johnston, D., Cloug, B.F., Xuan, T.T. & Philips, M. 1999a. Mixed shrimp-mangrove 
forestry farming systems in Ca Mau Province, Vietnam. Aquaculture Asia, 4(2): 6‑12. 

Johnston, D., Lourey, M., Van Tien, D., Luu, T.T. & Xuan, T.T. 2002. Water quality and 
plankton densities in mixed shrimp-mangrove forestry farming systems in Vietnam. 
Aquaculture Research,  33: 785-798.

Johnston, D., Trong, N.V., Tuan, T.T. & Xuan, T.T. 1999b. Shrimp seed recruitment 
in mixed shrimp- mangrove forestry farming systems in Ca Mau Province, Southern 
Vietnam. Aquaculture, 4(2): 6-12.



Integrated marine and brackishwater aquaculture in tropical regions: research, implementation and prospects 103

Johnston, D.J., Trong, N.V., Tuan, T.T. & Xuan, T.T. 2000a. Shrimp seed recruitment 
in mixed shrimp and mangrove forestry farms in Ca Mau Province, Southern Vietnam, 
Aquaculture, 184: 89-104. 

Johnston, D.J., Trong, N.V., Tien, D.V. & Xuan, T.T. 2000b. Shrimp yields and harvest 
characteristics of mixed shrimp-mangrove forestry farms in southern Vietnam: factors 
affecting production, Aquaculture,188: 263-284.

Jones, A.B., Dennison W.C. & Preston, N.P. 2001. Integrated treatment of shrimp effluent 
by sedimentation, oyster filtration and macroalgal absorption: a laboratory scale study. 
Aquaculture, 193: 155-178.

Jones, A.B., Preston, N.P. & Dennison, W.C. 2002. The efficiency and condition of oysters 
and macroalgae used as biological filters of shrimp pond effluent. Aquaculture Research, 
33: 1-19. 

Jones, A.B. & Preston, N.P. 1999. Sydney rock oyster, Saccostrea commercialis (Iredale & 
Roughley), filtration of shrimp farm effluent: the effects on water quality. Aquaculture 
Research, 30: 51-55.

Joseph, K.O. 1982. Observations on the mixed culture of brackishwater fishes and prawns 
in a pond at Adyar, Madras. In Proceedings of the Symposium on Coastal Aquaculture. 
Symp. Ser. Mar. Biol. Assoc. India, No. 6. Marine Biological Association of India, 
Cochin, pp. 244-250.

Kautsky N., Rönnbäck, P., Tedengren, M. & Troell, M. 2000. Ecosystem perspectives on 
management of disease in shrimp pond farming. Aquaculture, 191: 145-161.

Keenam, C. P. & Blackshaw, A. 1999. Mud crab aquaculture and biology. Proceedings of 
an international scientific forum held in Darwin, Australia. April 21-24, 1997. ACIAR 
proceedings No. 78. 216 p.

Khanh, N.H., Thai, N.C. & Dam, N.D. 2005. Study on technology for sustainable 
integrated marine polyculture. Research Institute for Aquaculture No. 3, Nha Trang. 
Vietnam, Monthly Fisheries Information Bulletin No. 08/2005.

Kristensen, E. 1997. Carbon, sulfur and nitrogen biogeochemistry of tropical mangrove 
sediments. In B.U. Haq, G. Kullenberg and J.H. Stel (eds).Coastal zone management 
imperative for maritime developing nations, Kluwer, Netherlands, pp.199-232.

Kritsanapuntu, S., Chaitanawisuti, N., Santhaweesuk, W. & Natsukari, Y. 2006b. 
Growth, production and economic evaluation of earthen ponds for monoculture and 
polyculture of juveniles spotted babylon (Babylonia areolata) to marketable sizes using 
large-scale operation. Journal of Shellfish Research, 25: 913-918.

Kritsanapuntu, S., Chaitanawisuti, N., Santhaweesuk, W. & Natsukari, Y. 2006a. Pilot 
study on polyculture of juveniles spotted babylon, Babylonia areolata, with milkfish, 
Chanos chanos, to marketable sizes using large-scale operation of earthen ponds in 
Thailand. Aquaculture Research, 37: 618–624.

Kuntiyo, Baliao, D. 1987. Comparative study between mono and polyculture systems on 
the production of prawn and milkfish in brackishwater ponds. Network of Aquaculture 
Centres in Asia. Bangkok, Thailand, NACA/WP/87/60.

Largo, B.D. 1989. Stock assessment of the agarophyte Gracilaria (Gracilariales, Rhodophyta) 
and its potential in polyculture in central Visayas, Philippines. In 22nd Annual 
Convention, Federation of Institutes of Marine and Freshwater Sciences. Aquatic 
Resources Development. Mindanao State University, Tawi Tawi College of Technology 
and Oceanography, Sanga-Sanga, Bongao, Tawi Tawi. 

Le, T.H. 1992. Integration of crustacean aquaculture with coastal rice farming in Vietnam. 
Naga ICLARM Q. 15(2): 27-29. 

Leaño, E.M., Lio-Po, G.D., Nadong, L.A., Tirado, A.C., Sadaba, R.B. & Guanzon, 
N.G. Jr. 2005. Microflora of the “green water” culture system of tiger shrimp Penaeus 
monodon. Aquaculture Research, 36: 1581-1587.

Li, D. & Dong, S. 2000. A summary of studies on closed-polyculture of penaeid shrimp with 
fishes and molluscans. Chinese Journal of Oceanology and Limnology, 18(1): 61‑66.



Integrated mariculture – A global review104

Lijauco, M.M., Prospero, O.Q. & Rodriguez, E.M. 1980. Polyculture of milkfish (Chanos 
chanos) and mud crab (Scylla serrata) at two stocking densities. QRR 4(4), 19-23.

Lin, C.K. 1995. Progression of intensive marine shrimp farm in Thailand. In C.L. Browdy 
and J.S. Hopkins (eds). Swimming Through Troubled Water, Proceedings of the Special 
Session on Shrimp Farming, Aquaculture’95. World Aquaculture Society, Baton Rouge, 
Louisiana. pp. 13-22.

Lin, C.K. 2006. AC - Report - Integrated aquaculture-aquaculture systems (IAS). 
Aquaculture Compendium. Wallingford, UK: CAB International.

Lin, C.K. & Nash, G. 1996. Asian Shrimp News collected volume, 1989-1995, Asian 
Shrimp. Culture Council. Bangkok, Thailand. 312 pp.

Lin, C.K., Ruamthaveesub, P., Wanuchsoontorn, P. 1993. Integrated culture of the 
green muscle (Perna viridis) in wastewater from an intensive shrimp pond: concept and 
practice. World Aquaculture, 24(2): 68-73.

Lin, C.K. & Yi, Y. 1999. Developments in integrated aquaculture in Southeast Asia. In L.M.B. 
Garcia (ed). Responsible Aquaculture Development in Southeast Asia, Proceedings of the 
Seminar-Workshop on Aquaculture Development in Southeast Asia, 12–14 October 1999. 
Southeast Asian Fisheries Development Center (SEAFDEC), Iloilo, Philippines, pp. 77-88.

Lin, M.N., Lin, G.Y. & Huang, T.L. 1979. Preliminary report on the improvement of 
Gracilaria farming. Aquaculture 2(3): 22-31.

Lio-Po, G.D, Leaño, E.M., Peñaranda, M.M.D., Villa-Franco, A.U., Sombito, C.D. & 
Guanzon, N.G. Jr.   2005.   Anti-luminous Vibrio factors associated with the “green 
water” grow-out culture of the tiger shrimp Penaeus monodon. Aquaculture, 250: 1‑7. 

Little, D. & Muir, J. 1987. A Guide to Integrated Warm Water Aquaculture. Institute of 
Aquaculture Publications, University of Stirling, Stirling, p. 238. 

Lodeiros, C. & Garcia, N. 2004. The use of sea urchins to control fouling during suspended 
culture of bivalves. Aquaculture, 231: 293-298.

Lombardi, J.V., Marques, H.L.A., Barreto, O.J.S., Gelli, V.C., Pereira, R.T.L. & de Paula, 
E.J. 2001. Floating cages in open sea water: an alternative for promoting integrated 
aquaculture. World Aquaculture, 32(3): 47, 49-50. 

Lombardi, J.V., Marques, H.L.A., Pereira, R.T.L., Barreto, O.J.S. & de Paula, E.J. 2006. 
Cage polyculture of the Pacific white shrimp Litopenaeus vannamei and the Phillipines 
seaweed Kappaphycus alvarezii. Aquaculture 258(1-4): 412-415.

Lutz, G. 2003. Polyculture: principles, practices, problems, and promise. Aquaculture 
Magazine March/April, 29(2): 34–39.

Macintosh, D. J. & Phillips, M. J. 1992. Environmental issues in shrimp farming. In H. de 
Saram and T. Singh (eds). Shrimp ’92, Proceedings of the 3rd Global Conference on the 
Shrimp Industry. Infofish, Kuala Lumpur, Malaysia.

Mai, V.Q., Le, T.D., Dang, K.S., Pham, N.M. & Nguyen, N.D. 1992. Ricefield aquaculture 
systems in the Mekong Delta, Vietnam: potential and reality. In C.R.  de  la Cruz, C. 
Lightfoot, B.A. Costa-Pierce, V.R. Carangal and M.P. Bimbao (eds). Rice-Fish Research 
and Development in Asia. ICLARM Conference Proceedings 24, pp. 105-115. 

Mair, G.C. & Little, D.C. 1991. Population control in farmed tilapia. NAGA, ICLARM 
Q. 17(4): 8-13.

Manzano, V.B. 1982. Determination of stocking rates of mullet (Mugil sp.) and prawn (Penaeus 
monodon Fabricus) in polyculture system.  Master Thesis, University of the Philippines.

Marinho-Soriano, E., Morales, C. & Moriera, W.S.C. 2002. Cultivation of Gracilaria 
(Rhodophyta) in shrimp pond effluents in Brazil.  Aquaculture Research, 33: 1081‑1086.

Martínez-Cordero, F.J., Duncan, N.J. & Fitzsimmons, K. 2004. Feasibility of shrimp and 
tilapia polyculture in the Northwest of Mexico, with special reference to an economic 
study of a hypothetical polyculture farm. In R.B. Bolivar, G.C. Mair and K. Fitzsimmons 
(eds). New dimensions on farmed tilapia. Tilapia 6th International Symposium on Tilapia 
in Aquaculture Philippine International Convention Center Roxas Boulevard, Manila, 
Philippines, pp. 648-649.



Integrated marine and brackishwater aquaculture in tropical regions: research, implementation and prospects 105

Martínez-Cordero, F.J., FitzGerald W.J. Jr. & Leung, P.S. 1999. Evaluation of Productivity 
in Extensive Aquaculture Practices using Interspatial TFP Index, Sulawesi, Indonesia. 
Asian Fisheries Science, 12(3): 19-30. 

Martínez-Córdova, L. & Pena-Messina, E. 2005. Biotic communities and feeding habits 
of Litopenaeus vannamei (Boone 1931) and Litopenaeus stylirostris (Stimpson 1974) in 
monoculture and polyculture semi-intensive ponds. Aquaculture Research, 36: 1075-1084. 

Martínez-Córdova, L. & Martinez-Porchas, M. 2006. Polyculture of Pacific white shrimp, 
Litopenaeus vannamei, giant oyster, Crassostrea gigas and black clam, Chione fluctifraga 
in ponds in Sonora, Mexico. Aquaculture, 258: 321-326.

Massaut, L. 1999. Mangrove management and shrimp aquaculture. Auburn University, 
Research and Development series No. 44. Auburn, Alabama.

Mauksit, A., Maala, L. & Suspita, A. 2005. Seaweed Culture and Farmer Incomes in 
Bekasi, Indonesia. STREAM Journal 4(4), 1-3.

Mazid, M.A. 1994. Environmental issues and aquaculture development in Bangladesh. 
Country Paper, presented at the Final Workshop, FAO (Food and Agriculture 
Organization of the United Nations) Regional Office for Asia and the Pacific.

McVey, J.P., Stickney, R.R., Yarish, C. & Chopin, T. 2002. Aquatic polyculture and 
balanced ecosystem management: new paradigms in seafood production. In R.R. 
Stickney, & J.P. McVey (eds). Responsible Marine Aquaculture. CABI Publishing, Oxon, 
pp. 91- 104. 

Melamed, P., Gong, Z., Fletcher, G. & Hew, C.L. 2002. The potential  impact of 	
modern biotechnology on fish aquaculture. Aquaculture 204, 255 – 269.

Milstein, A., Islam, M.S., Wahab, M.A., Kamal, A.H.M. & Dewan, S. 2005. Characterization 
of water quality in shrimp ponds of different sizes and with different management 
regimes using multivariate statistical analysis. Aquaculture International, 13: 501-518.

Minh, T.H. 2001. Management of the Integrated. Mangrove-Aquaculture farming Systems 
in the. Mekong Delta of Vietnam. M.Sc. Thesis. Asian Institute for Technology (AIT), 
Bangkok, Thailand. 

Minh, T.H., Jackson, C.J., Hoa, T.T.T., Ngoc, L.B., Preston, N. & Phuong, N.T. 2003. 
The shrimp pond environment: factors affecting shrimp production. Part A: Growth and 
survival of Penaeus monodon in relation to the physical conditions in rice–shrimp ponds 
in the Mekong Delta. In N. Preston and C. Clayton (eds). Rice–shrimp farming in the 
Mekong Delta: biophysical and socioeconomic issues. ACIAR Technical Reports No. 
52e, pp 27-34.

Minh, T.H., Yakupitiyage, A. & Macintosh, D.J. 2001. Management of Integrated 
Mangrove-Aquaculture Farming Systems in the Mekong Delta of Vietnam. Integrated 
Tropical Coastal Zone Management, 24 p.

Mmochi, A. J. & Mwandya, A.W. 2003. Water Quality in the Integrated Mariculture Pond 
Systems (IMPS) at Makoba Bay, Zanzibar, Tanzania. Western Indian Ocean Journal of 
Marine Science, 2(1): 15-23.

Mmochi, A.J., Dubi, A.M., Mamboya, F.A. & Mwandya, A.W. 2002. Effects of Fish 
Culture on Water Quality of an Integrated Mariculture Pond System. Western Indian 
Ocean Journal of Marine Science, 1(1): 53-63.

Mohan, J.M., Sathiadhas, R. & Gopakumar, G. 2006 Marine farming: Country analysis-
India. The future of mariculture: A regional approach for responsible development of 
marine farming in the Asia-Pacific Region. FAO/NACA/China Regional Workshop 
Shenzhen/Guangzhou, Guangdong Province, P.R. China, 6‑11 March. 

Morissens, P., Macary, C.S., Grandmougin, B. & Lazard, J. 2004. The dynamics of 
aquaculture development in the Philippines: Intensification and extensification in the 
milkfish and tilapia production sectors. In R. Bolivar, G. Mair and K. Fitzsimmons (eds). 
New Dimensions in Farmed Tilapia: Proceedings of the Sixth International Symposium on 
Tilapia in Aquaculture. Editors: American Tilapia Association, Aquaculture CRSP, and 
Ministry of Agriculture, Philippines. Manila. 854 p.



Integrated mariculture – A global review106

Moss, S.M., Arce, S.M., Argue, B.J., Otoshi, C.A., Calderon, F.R.O. & Tacon, A.G.J. 2001. 
Greening of the blue revolution: efforts toward environmentally responsible shrimp 
culture. In C.L. Browdy and D.E Jory (eds). The New Wave, Proceedings of the Special 
Session on Sustainable Shrimp Culture, Aquaculture 2001. The World Aquaculture 
Society, Baton Rouge, LA USA, pp.1-19.

Msuya, F.E., Kyewalyanga, M.S. & Salum, D. 2006. The performance of the seaweed Ulva 
reticulata as a biofilter in a low-tech, low-cost, gravity generated water flow regime in 
Zanzibar, Tanzania. Aquaculture, 254: 284 – 292.

Msuya, F.E. & Neori, A. 2002. Ulva reticulata and Gracilaria crassa: macroalgae that can 
biofilter effluent from tidal fishponds in Tanzania, Western Indian Ocean Journal of 
Marine Science, 1: 117–126.

Muangkeow, B., Ikejima, K., Powtongsook, S. & Yi, Y. in press. Effects of white shrimp, 
Oreochromis Litopenaeus vannamei (Boone), and Nile tilapia, Orochromis niloticus L., 
stocking density on growth, nutrient conversion rate and economic return in integrated 
closed recirculation system. Aquaculture

Mukherjee, R. 2006. The current status of mariculture in India and livelihood opportunities 
for coastal communities. The future of mariculture: A regional approach for responsible 
development of marine farming in the Asia-Pacific Region. FAO/NACA/China Regional 
Workshop Shenzhen/Guangzhou, Guangdong Province, P.R. China, 6–11 March.

Myers, J.M., Heggelund, P.O., Hudson, G. & Iwamoto, R.N. 2001.  Genetics and 	
broodstock management of coho salmon. Aquaculture 197: 43– 62.

NACA/FAO. 2000. Aquaculture Development Beyond 2000: the Bangkok Declaration 
and Strategy. Conference on Aquaculture in the Third Millennium, 20‑25 February 2000, 
Bangkok, Thailand. NACA, Bangkok and FAO, Rome. 27p.

Nagahama, T. & Hirata, H. 1990. Nitrogen uptake by the sterile Ulva pertusa, Ohmura 
strain, and their interaction to the bacterial communities. Suisanzoshoku 38: 285‑290.(In 
Japanese).

Naylor, R.L., Goldburg, R.J., Primavera, J.H., Kautsky, N., Beveridge, M.C.M., Clay, J., 
Folke, C., Lubchenco, J., Mooney, H. & Troell, M. 2000. Effect of aquaculture on world 
fish supplies. Nature, 405: 1017-1024.

Nedwell, D.B. 1975. Inorganic nitrogen metabolism in a eutrophicated tropical mangrove 
estuary. Water Resource, 9: 221-231.

Nelson, S.G., Glenn, E.P., Conn, J., Moore, D., Walsh, T. & Akutagawa, M. 2001. 
Cultivation of Gracilaria parvispora (Rhodophyta) in shrimp-farm effluent ditches and 
floating cages in Hawaii: a two-phase polyculture system. Aquaculture,193: 239-248.

Neori, A., Troell., M., Chopin, T., Yarish, C., Critchley, A., & Buschmann, A.H. 
2007. The need for a balanced ecosystem approach to blue revolution aquaculture. 
Environment, 49(3): 36-43.

Neori, A., Chopin, T., Troell, M., Buschmann, A.H., Kraemer, G.P., Halling, C., Shpigel, 
M. & Yarish, C. 2004. Integrated aquaculture: rationale, evolution and state of the art 
emphasizing seaweed biofiltration in modern mariculture. Aquaculture,  231: 361–391.

Ngo, V.H. 2000. The integrated intensive culture of giant tiger shrimp (Penaeus monodon) 
with AquaMatsTM and tilapia (Oreochromis niloticus) in a closed low salinity system. 
AIT Thesis no. AQ-00-19.

Ngoc, T. 2006. Polyculture of the sea cucumber (Holothura scabra) with tiger shrimp 
for water quality improvement. CAB International, 2006. Aquaculture Compendium. 
Wallingford, UK: CAB International.

Nuruzzaman, M., Anwari, B., Shahjahan, M. & Maniruzzaman, M. 2001. The dynamics 
and diversity of the shrimp farming in Bangladesh. Draft Final Report. Fourth Fisheries 
Project, Shrimp and Coastal Aquaculture Component, Department of Fisheries, 63 p.

Oliviera, A. & Brito, L.O. 2005. Treating shrimp farming effluent using the native oyster, 
Crassostrea rhizophorae, in Brazil. World Aquaculture, 36(3): 60-63.



Integrated marine and brackishwater aquaculture in tropical regions: research, implementation and prospects 107

O’Bryen, P.J. & Lee, C.-S. 2003. Management of Aquaculture effluents workshop 
discussion summary. Aquaculture, 226: 227-242.

Paclibare, J.O., Usero, R.C., Somga, J.R. & Visitacion, R.N. 2002. Integration of finfish 
in shrimp (Penaeus monodon ) culture: an effective disease prevention strategy. In 
Y. Inui and E.R. Cruz-Lacierda (eds). Disease Control in Fish and Shrimp Aquaculture 
in Southeast Asia—Diagnosis and Husbandry Techniques. SEAFDEC AQD, Iloilo, 
Philippines, pp. 151-171.

Pang, S.J., Xiao, T. & Bao, Y. 2006. Dynamic changes of total bacteria and Vibrio in an 
integrated seaweed-abalone culture system. Aquaculture, 252: 289-297.

Pham, T.D., Do, H.H., Hoang, T.D. & Vo, T.H.T. 2004. Combined culture of mussel: a 
tool for providing live feed and improving environmental quality for lobster aquaculture 
in Vietnam. In K.C. Williams (ed). Spiny lobster ecology and exploitation in the South 
China Sea region. Proceedings of a workshop held at the Institute of Oceanography, Nha 
Trang, Vietnam. ACIAR Proceedings No. 120, pp.57-58. 

Pham, H.N. 2004. Sustainable lobster breeding lets farmer’s claw way out of poverty. Viet 
Nam News, Tuesday, September 7, 2004. 

Pham, T.D., Do, H.H., Hoang, T.D. & Vo, T.H.T. 2005. The results of the experimental 
study on combined culture of mussel Perna viridis with lobster at Xuan Tu (Van Ninh, 
Khanh Hoa). Journal of marine science and technology. Institute of Oceanography (Nha 
Trang), Vietnam.

Phang, S.M. Shaharuddin, S., Noraishah, H. & Sasekumar, A. 1996. Studies on Gracilaria 
changii (Gracilariales, Rhodophyta) from Malaysian mangroves. Hydrobiologia, 326/327: 
347–352. 

Phillips, M.J. 1998. Tropical mariculture and coastal environmental integrity. In S.S. De Silva 
(ed). Tropical Mariculture. Academic Press, London, pp. 17-110.

Pitt, R., Duy, N.D.Q., Duy, T.V. & Long, H.T.C. 2004. Sandfish (Holothuria scabra) 
with shrimp (Penaeus monodon) co-culture tank trials. SPC Beche-de-mer Information 
Bulletin No. 20, August, pp. 12-22.

Preston, N., Brennan, D. & Clayton, H. 2003. An overview of the project research. In 
N. Preston and H. Clayton (eds). Rice–shrimp farming in the Mekong Delta: biophysical 
and socioeconomic issues. ACIAR Technical Reports No. 52e, pp 7-14.

Primavera, J.H. 1993. A critical review of shrimp pond culture in the Philippines. Rev. 
Fish. Sci., 1: 151- 201. 

Primavera, J.H. 1994. Environmental and socioeconomic effects of shrimp farming: the 
Philippine experience. INFOFISH Int., 1/94: 44–49.

Primavera, J.H. 1995. Mangroves and brackishwater pond culture in the Philippines. 
Hydrobiologia, 295: 303-309.

Primavera, J.H. 1998. Mangroves as nurseries: shrimp populations in mangrove and non-
mangrove habitats. Estuar. Coast. Shelf Sci., 46: 457-464.

Primavera, J.H. 2000. Integrated Mangrove-Aquaculture Systems in Asia. Integrated 
Coastal Zone Management (Autumn Edition), 121-130.

Primavera, J.H. 2005. Mangroves and Aquaculture in Southeast Asia. In V.T. Sulit et al.  
(eds). Report of the Regional Technical Consultation for the Development of Code of 
Practice for Responsible Aquaculture in Mangrove Ecosystems, Southeast Asian Fisheries 
Development Center, Aquaculture Department, Tigbauan, Iloilo, Philippines, pp. 
25-37. 

Primavera, J.H. & Agbayani, R.F. 1997. Comparative strategies in community-based 
mangrove rehabilitation programmes in the Philippines. In P.N. Hong, N. Ishwaran, H.T. 
San, N.H. Tri and M.S. Tuan (eds). Proceedings of Ecotone V, Community Participation 
in Conservation, Sustainable Use and Rehabilitation of Mangroves in Southeast Asia. 
UNESCO, Japanese Man and the Biosphere National Committee and Mangrove 
Ecosystem Research Centre, Vietnam, pp. 229-243.



Integrated mariculture – A global review108

Primavera, J.H., Altamirano, J. P., Lebata, M. J. H. L., de los Reyes, A. A. Jr. & Pitogo, 
C. L. 2007. Mangroves and shrimp pond culture effluents in Aklan, Panay Is., central 
Philippines. Bull. Mar. Sci., 80: 795-804.

Primavera, J.H., Binas, J., Tan, G.S., Lebata, J., Alava, V.R., Walton, M. & LeVay, L. 
in revision. Environmental considerations in mud crab pen culture- impacts on 
mangrove community structure and replacement of fish feed requirement. Journal of Sea 
Research.

Pudadera, B. 1980. Growth and survival of milkfish in a polyculture system. Asian 
Aquaculture, 3(9) 4.

Pudadera, B.J. Jr. & Lim, C. 1982. Evaluation of milkfish (Chanos chanos Forskal) and 
prawn (Penaeus monodon Fabricius) in polyculture system. Fish. Res. J. Philipp., 7: 
51-59.

Purcell, S. W., Patrois, J. & Fraisse, N. 2006. Experimental evaluation of co-culture 
of juvenile sea cucumbers, Holothuria scabra (Jaeger), with juvenile blue shrimp, 
Litopenaeus stylirostris (Stimpson). Aquaculture Research, 37: 515–522.

Qi, Z., Li, D., Zang, M. & Dong, S. 2001. Comparative study on nitrogen budgets of 
closed shrimp polyculture systems. Chinese Journal of  Oceanology and Limnology, 
19(3): 233-242.

Qian, P.Y., Wu, C.Y., Wu, M. & Xie., Y.K. 1996. Integrated cultivation of the red alga 
Kappaphycus alvarezii and the pearl oyster Pinctada martensi. Aquaculture, 147: 21-35.

Ranoemihardjo, B.S. 1986. Improved methods on finfish cultivation in brackishwater 
pond in Indonesia. Bull. Brackishwater Aqua. Dev. Cent., 8(1); 1-11.

Ridha, M. & Cruz, E.M. 1992. Stocking of sea bream (Acanthopagus cuvieri Day) with 
tilapia (Oreochromis spilurs Gunther) in sea cages. J. Aqua. Trop., 7: 1-6.

Ridler, N., Robinson, B., Chopin, T., Robinson, S. & Page, F. 2006. Development of 
integrated multi-trophic aquaculture in the Bay of Fundy, Canada: a socio-economic case 
study. World Aquaculture, 37(3): 43-48.

Rivera-Monroy, V.H., Torres, L.A., Bahamon, N., Newmark, F. & Twilley, R.R. 1999. 
The potential use of mangrove forests as nitrogen sinks of shrimp aquaculture pond 
effluents: the role of denitrification. Journal of the World Aquaculture Society 30(1), 
12-25.

Rivera-Monroy, V.H., Twilley, R.R. & Castañeda, E. 2001. Integrative Management and 
Rehabilitation of Mangrove Resources to Develop Sustainable Shrimp Mariculture in 
the Gulf of Fonseca, Honduras. USGS Activity B7 Technical Report. University of 
Louisiana at Lafayette, Lafayette, Louisiana, USA.

Robertson, A.I. & Duke, N.C. 1987. Mangroves as nursery sites: comparisons of the 
abundance and species composition of fish and crustaceans in mangroves and other 
nearshore habitats in tropical Australia. Marine Biology, 96: 193-205.

Robertson, A.I. & Phillips, M.J. 1995. Mangroves as filters of shrimp effluent: predictions 
and biogeochemical research needs. Hydrobiologia, 295: 311-321.

Rönnbäck, P. 1999. The Ecological Basis for the Economic Value of Mangrove Forests in 
Seafood Production. Ecological Economics, 29: 235-252.

Rönnbäck, P. 2000. Fisheries and shrimp aquaculture supported by mangroves: the 
ecological basis for economic valuation. Paper presented at the thematic session on 
Rational Use of Estuaries at the International Society for Mangroves (ISME) conference 
Sustainable use of estuaries and mangroves: Challenges and prospects, 22-28 May, 2000, 
Recife, Brasil.

Rönnbäck, P. 2001. Shrimp aquaculture - State of the art. Swedish EIA Centre, Report 1. 
Swedish University of Agricultural Sciences (SLU), Uppsala. (ISBN 91-576-6113-8).

Rönnbäck, P. & Primavera, J.H. 2000. Illuminating the need for ecological knowledge 
in economic valuation of mangroves under different management regimes–a critique. 
Ecological Economics, 35: 135-141. 



Integrated marine and brackishwater aquaculture in tropical regions: research, implementation and prospects 109

Rosenberry, B. 2006. World Shrimp Farming, 2006. Shrimp News International, 
San Diego.

Saelee, W. 2004. Shrimp-tilapia polyculture in low salinity water. Asian Institue of 
Technology (AIT), Master Thesis no. AQ-02-41. 99 pp.

Saenger, P., Hegerl, E.J. & Davie, J.D.S. 1983. Global status of mangrove ecosystems. 
Commission on Ecology Papers No.3. IUCN. Gland, Switzerland. 88 pp.

Samonte, G. P.B., Agbayayani, R.F. & Tumaliuan, R.E. 1991. Economic feasibility of 
polyculture of tiger shrimp (Penaeus monodon) with Nile tilapia (Oreochromis niloticus) 
in brackishwater ponds. Asian Fisheries Science, 4: 335-343.

Sansanayuth, P., Phadungchep, A., Ngammontha, S., Ngdngam, S., Sukasem, P., 
Hoshino, H. & Ttabucanon, M.S. 1996. Shrimp pond effluent: pollution problems and 
treatment by constructed wetlands. Water Science and Technology, 34: 93–98.

Sathirathai, S. 1998. Economic Valuation of Mangroves and the Roles of Local Communities 
in the Conservation of Natural Resources: Case Study of Surat Thani, South of Thailand. 
EEPSEA Research Report Series, Economy and Environment Program for Southeast 
Asia (EEPSEA), Singapore, 38 p.

Schneider, O., Sereti, V., Eding, E.H. & Verreth, J.A.J. 2005. Analysis of nutrient flows in 
integrated intensive aquaculture systems. Aquacultural Engineering, 32: 379–401.

Shang, Y.C. 1976. Economic aspects of Gracilaria culture in Taiwan. Aquaculture, 8: 1‑7.
Shen, Y. & Lai, Q. 1994. Present status of mangrove crab (Scylla serrata Forskal) culture in 

China. NAGA: the ICLARM Q., 171, 28-29.
Shiva, V. & Karir, G. 1997. Towards sustainable aquaculture. Research Foundation for 

Science, New Dehli, India, 133 p.
Shyu, C.-Z. & Liao, C. 2004. Development of Sustainable Aquaculture in Asia: Challenges 

and Strategies. J. Fish. Soc. Taiwan, 31(3): 159-172.
Smith, P.T. (ed). 1999. Coastal shrimp aquaculture in Thailand: key issues forresearch. 

ACIAR Technical Reports No. 47, 131 p.
Soletchnik, P., Lambert, C. & Costil, K. 2005. Summer mortality of Crassostrea gigas in 

relation to environmental rearing conditions. J. Shellfish Res., 24: 197–208.
Spalding, M., Blasco, F. & Field, C. (eds). 1997. World Mangrove Atlas. The International 

Society for Mangrove Ecosystems, Okinawa, Japan, 178 p.
Sparsis, M., Lin, J. & Hagood, R.W. 2001. Growth, suvivorship, and nutrient uptake 

of giant clams (Tridacna) in aquaculture effluent. Journal of shellfish research, 20(1): 
171-176.

Stevenson, J.R., Irz, X. T., Alcalde, R-G., Petit, J. & Morissens, P. 2004. Working Paper 
1 - A typology of brackish-water pond aquaculture systems in the Philippines. Research 
project R8288: Assessing the sustainability of brackish water aquaculture systems in the 
Philippines, DFID, Department for International Development, University of Reading, 
42 p.

Stickney, R.R. 1979. Principles of Warmwater Aquaculture. New York: John Wiley and 
Sons. 375 p.

Stonich, S.C., Bort, J.R. & Ovares, L.L. 1997. Globalization of shrimp mariculture: 
the impact on social justice and environmental quality in Central America. Society for 
Natural Resources, 10: 161-179.

Sudarno, B.S.R. & Kusnendar, E. 1980. The effect of stocking density on the rate of the 
growth of tiger shrimps (Penaeus monodon Fabricius) and milkfish (Chanos chanos 
Forskal). Bull. Brackishwater Aqua. Dev. Cent., 6: 454-461.

Sukardjo, S. 1989. Tumpang sari pond as a multiple use concept to save the mangrove forest 
in Java. Biotrop. Spec. Publ. 37: 115-128.

Sutika, I.N. & Ali, S.A. 1990. Experiments on the polyculture of seaweed, shrimps and 
milkfish. In W.G Yap(ed). Shrimp Culture Industry Workshop. Jepara, Indonesia, 25-28 
Sep. pp. 129-132.



Integrated mariculture – A global review110

Tam, N.F.Y. & Wong, Y.S. 1993. Retention of nutrients and heavy metals in mangrove 
sediment receiving wastewater of different strengths. Environmental Technology, 14: 
719-729.

Tam, N.F.Y. & Wong, Y.S. 1995. Mangrove soils as sinks for wastewater-borne pollutants. 
Hydrobiologia, 295: 231-242.

Tam, N.F.Y. & Wong, Y.S. 1996. Retention of wastewater-borne nitrogen and phosphorous 
in mangrove soils. Environ. Technol., 17 851-859.

Tam, N.F.Y., Yang, Q. & Wong, Y.S. 2006. Mangroves fore wastewater treatment: 
potential and limitations. Paper presented at “International conference and exhibition 
on managroves of Indian and Western Pacific Oceans”, ICEMAN 2006, 21-24 August, 
Luala Lumpur. Maritime Institute of Malaysia.

Tanyaros, S. 2001. Use of oyster (Crassostrea belcheri (Sowerby)) as a biofilter in 
intensive shrimp pond water. PhD Thesis, Asian Institute of Technology, Bangkok, 
Thailand. 172 pp.

Taylor, J. 2004. Defining the Appropriate Regulatory and Policy Framework for the 
Development of Integrated Multi-Trophic Aquaculture Practices: The Department of 
Fisheries and Oceans Perspective. Bull. Aquacul. Assoc. Canada, 104-3:68-70.

Tendencia, E.A. & de la Peña, M.R. 2003. Investigation of some components of the 
green water system which makes it effective in the initial control of luminous bacteria. 
Aquaculture, 218: 115-119.

Tendencia, E.A., de la Peña, M.R., Fermin, A.C., Lio-Po, G. & Choresca C.H. Jr. 2004. 
Antibacterial activity of tilapia Tilapia hornorum against Vibrio harveyi. Aquaculture, 
232: 145-152.

Tendencia, E.A., de la Peña, M.R. & Choresca C.H. Jr. 2005. Efficiency of Chlorella sp. 
and Tilapia hornorum in controlling the growth of luminous bacteria in a simulated 
shrimp culture environment. Aquaculture, 249: 55-62.

Tendencia, E.A., de la Peña, M.R. & Choresca, C.H. Jr. 2006. Effect of shrimp biomass 
and feeding on the anti-Vibrio harveyi activity of Tilapia sp. in a simulated shrimp–tilapia 
polyculture system. Aquaculture, 253: 154-162.

Tendencia, E.A., Fermin, A.C., dela Peña, M.R. & Choresca, C.H. 2006. Effect of Epinephelus 
coioides, Chanos chanos, and GIFT tilapia in polyculture with Penaeus monodon on the 
growth of the luminous bacteria Vibrio harveyi. Aquaculture, 253: 48-56.

Thampy, D.M., Jose, S., Mohan, M.V. & Koya, M.S.S.I. 1988. Short-term biculture of 
tiger prawn Penaeus monodon Fabricus and milk fish Chanos chanos Forskal in a low 
saline pond. In M.M. Joseph (ed). The First Indian Fisheries Forum, Proceedings. Asian 
Fisheries Society, Indian Branch, Mangalore. pp. 139-141.

Thien, P.C. 2003. Effects of adding shrimp (Penaeus monodon) into intensive culture ponds 
of Nile tilapia (Oreochromis niloticus) at different densities. AIT Thesis no. AQ-03-38.

Thien, P.C., Yi, Y. & Fitzsimmons, K. 2004. Effects of adding shrimp (Penaeus monodon) 
into intensive culture ponds of Nile tilapia (Oreochromis niloticus) at different densities. 
In: R. Bolivar, G. Mair, and K. Fitzsimmons (eds). New Dimensions in Farmed Tilapia. 
Proceedings of ISTA 6. Bureau of Fisheries and Aquatic Resources. Manila, Philippines, 
pp. 794-805.

Thornton, C., Shanahan, M. & Williams, J. 2003. From wetlands to wastelands: Impacts 
of shrimp farming. SWS Bulleti,n 20(3): 48–53.

Tian, X., Li, D., Dong, S., Yan, X., Qi, Z., Liu, G. & Lu, J. 2001a. An experimental 
study on closed-polyculture of penaeid shrimp with tilapia and constricted tagelus. 
Aquaculture, 202: 57-71.

Tian, X., Li, D., Dong, S., Yan, X., Liu, G., Qi, Z. & Lu, J. 2001b. Water quality of closed 
polyculture of penaeid shrimp with tilapia and constricted tagelus. Yingyong Shengtai 
Xuebao, 12: 287-292.

Ting, Y.Y & Wu, J.T.  1992. Handbook for Application of Water Recycle Technique in 
Shrimp Ponds. Council of Agriculture, Taiwan. 52 pp.



Integrated marine and brackishwater aquaculture in tropical regions: research, implementation and prospects 111

Tobey, J., Poespitasari, H. & Wiryawan, B. 2002. Good Practices for Community-based 
Planning and Management of Shrimp Aquaculture in Sumatra, Indonesia. Report 
prepared under the World Bank, NACA, WWF and FAO Consortium Program 
on Shrimp Farming and the Environment. Work in Progress for Public Discussion. 
Published by the Consortium. 18 pages. 

Tookwinas, S. 2003. Country Papers: Thailand (2). In D.A. Cruz (ed). Aquaculture 
Management. APO Seminar on Aquaculture Management held in the Republic of China, 
3–8 December 2001. Asian Productivity Organization, Tokyo, and Taiwan Fisheries 
Research Institute, Keelung, pp. 239–254.

Tran, T.B., Dung, L.C. & Brennan, D.C. 1999. Environmental costs of shrimp culture in 
the rice growing regions of the Mekong Delta. Aquaculture Economics and Management, 
3(1): 31-43.

Trino, A.T. & Rodriguez, E.M. 2002. Pen culture of mud crab Scylla serrata in tidal flats 
reforested with mangrove trees. Aquaculture, 211: 125-134.

Troell , M. & Norberg, J. 1998. Modelling output and retention of suspended solids in an 
integrated salmon–mussel culture. Ecological Modelling, 110: 65-77.

Troell, M., Rönnbäck, P., Kautsky, N., Halling, C., & Buschmann, A. 1999. Ecological 
engineering in aquaculture: use of seaweeds for removing nutrients from intensive 
aquaculture. Journal of Applied Phycology, 11: 89-97.

Troell, M., Joyce, A., Chopin, T., Neori, A., Buschmann A.H. & Fang, J.G. (in press). 
Ecological engineering in aquaculture - potential for integrated multi-trophic aquaculture 
(IMTA) in marine offshore systems. Aquaculture.

Troell, M., Halling, C., Neori, A., Chopin, T., Buschmann, A.H., Kautsky, N. & Yarish, 
C. 2003. Integrated mariculture: asking the right questions. Aquaculture, 226: 69‑90. 

Troell, M., Neori, A., Chopin, T. & Buschmann, A.H. 2005. Biological wastewater 
treatment in aquaculture - more than just bacteria. World Aquaculture, 36: 27-31.

Troell, M., Tydemer, P., Rönnbäck, P. & Kautsky, N. 2004. Aquaculture- energy use. In 
C. Cleveland (ed). Encyclopedia of Energy. Elsevier Inc. pp. 97-108.

Tsutsui, I., Aueumnuoy, D., Srisapoome, P. & Hamano, K. 2007. Possible implications of 
the co-cultivation of black tiger shrimp and Cladophoraceae species on a Southeast Asian 
shrimp farm. Paper presented at XIX Seaweed Symposium, Kobe, March 2007

Twilley, R.R., Chen, R.H. & Hargis, T. 1992. Carbon sinks in mangrove forests and their 
implications to the carbon budget of tropical coastal ecosystems. Water, Air and Soil 
Pollution, 64: 256-288.

UNEP. 1995. Global Biodiversity Assessment. Cambridge University Press, pp. 387-393.
Valderrama, D. & Engle, C.R. 2002. Economics of Better Management Practices (BMP) 

for semi-intensive shrimp farms in Honduras and shrimp cooperatives in Nicaragua. 
Report prepared under the World Bank, NACA, WWF and FAO Consortium Program 
on Shrimp Farming and the Environment. Work in Progress for Public Discussion. 
Published by the Consortium. 53 p.

Vuong, D.Q.T. & Lin, C.K. 2001. Rice-Shrimp Farming in the Seawater Intrusion Zone of 
the Mekong Delta, Vietnam. ITCZM Monograph No. 6. Asian Institute of Technology, 
Bangkok, Thailand. 16 p.

Wahab M.A. (ed.). 2003. Environmental and socioeconomic impacts of shrimp farming in 
Bangladesh. Technical Proc. BAU-NORAD Workshop, 5 March 2002, BARC Centre, 
Dhaka, Bangladesh. Bangladesh Agricultural University, Mymensingh, Bangladesh, 101 p.

Wainberg, A. 2005. Shrimp farm strives for success after organic conversion. New-Ventures 
- WRI © 2007

Walrut, B.P. 2003. Regulation of aquaculture in Australia: integrated aquaculture- where 
does it fit? In H. Reinertsen (ed). Beyond Monoculture, Aquaculture Europe 2003. 
European Aquaculture Society, Trondheim, Norway.

Wang, J.K. 1990. Managing shrimp pond water to reduce discharge problems. Aquacultural 
Engineering, 9: 61-73.



Integrated mariculture – A global review112

Wang, J.K. & Jakob. G.S. 1991. Pond design and water management strategy for an 
integrated oyster and shrimp production system. In P. Giovannini (ed). Aquaculture 
Systems Engineering. American Society of Aquacultural Engineers, St. Joseph, Michigan 
USA, pp. 70- 82. 

Wang, J.K., Lam, C.Y. & Jakob. G.S. 1990. Preliminary investigation of an oyster-shrimp 
joint production system. Transactions of the ASAE 33(3), 975-980.

Wang, J.K. 2003. Conceptual design of a microalgae-based recirculating oyster and shrimp 
system. Aquacultural Engineerin,g 28: 37-46.

Wang, J., Li, D., Dong, S. Wang, K. & Tian, X. 1998. Experimental studies on polyculture 
in closed shrimp ponds. I. Intensive polyculture of Chinese shrimp (Penaeus chinensis) 
with tilapia hybrids. Aquaculture, 163(1-2): 11-27.

Wang, R., Wang, Z. & Zhang, J. 1993. Marine Culture of Molluscs. Publishing House of 
Ocean University of Qingdao, Qingdao, pp. 244–252.

Wattayakom, G., Wolanski, E. & Kjerfve, B. 1990 Mixing, trapping and outwelling in 
the Klong Ngao Mangrove swamp, Thailand. Estuarine, Coastal and Shelf Science, 31: 
667-688.

White, H. & Pickering, H. 2003. Environmental impact mitigation and bi-culture: 
a comparative legal analysis of flexibility within European legal regimes- Biofilter 
deployment. In H. Reinertsen (ed). Beyond Monoculture, Aquaculture Europe 2003. 
European Aquaculture Society, Trondheim, Norway.

Williams, M.J., Bell, J.D., Gupta, M.V., Dey, M., Ahmed, M., Prein, M., Child, S., 
Gardiner, P.R., Brummett, R. & Jamu, D. 2000. Responsible aquaculture can aid food 
problems. Nature, 406: 673.

Williams, M.J. & Primavera, J.H. 2001. Choosing Tropical Portunid Species for Culture, 
Domestication and Stock Enhancement in the Indo-Pacific. Asian Fisheries Science, 14: 
121-142.

Wong, Y.S., Lan, C.Y., Chen, G.Z., Li, S.H., Chen, X.R., Liu Z.P. & Tam, N.F.Y. 1995. 
Effect of wastewater discharge on nutrient contamination of mangrove soils and plants. 
Hydrobiologia, 295: 243-254.

Wongwai, S. 1989. Fundamentals of agarophyte culture in Thailand. In: Report on the 
seminar on Gracilaria production and utilization in the Bay of Bengal Region, Songkhla, 
Thailand 23-27 Oct. BOBP/REP 45, 25-26.

World Commission on Environmental Development. 1987. The world: our common 
future. Oxford, Oxford University Press, 400 p.

Wu, M., Mak, K.K., Zhang, X.J. & Qian, P.Y. 2003. The effect of co-cultivation on the 
pearl yield of Pinctada martensi (Dumker). Aquaculture, 221(1): 347-356.

Wu, X., Zhao, Z., Li, D., Chang, K., Tong, Z., Si L. & Xu, K. 2005. Closed recirculating 
system for shrimp-mollusc polyculture.  Chinese Journal of Oceanology and Limnology, 
23(4): 461-468.

Yacoob, S.Y. 1994. Eutrophication problem in shrimp (Penaeus monodon) ponds and 
the biological control using Nile Tilapia (Oreochromis niloticus). M.Sc. Thesis, Asian 
Institute of Technology, Bangkok, Thailand.

Yi, Y. & Fitzsimmons, K. 2004. Tilapia - shrimp polyculture in Thailand. In R. Bolivar, 
G.  Mair and K. Fitzsimmons (eds). Proceedings of 6:th International Symposium on 
Tilapia in Aquaculture, Manila, Philippines, pp. 777-790.

Yi, Y., Fitzsimmons, K., Saelee, W. & Clayden, P. 2004. Stocking densities of Nile 
tilapia in shrimp ponds under different feeding strategies. In R. Bolivar, G. Mair and 
K.  Fitzsimmons (eds). Proceedings of 6:th International Symposium on Tilapia in 
Aquaculture, Manila, Philippines, pp. 402 - 420.

Yokoyama, H., Higano, J., Adachi, K., Ishihi, Y., Yamada, Y. & Pitchicul, P. 2002. 
Evaluation of shrimp polyculture system in Thailand based on stable carbon and 
nitrogen isotope ratios. Fish. Sci., 68: 745–750.



Integrated marine and brackishwater aquaculture in tropical regions: research, implementation and prospects 113

Young, L. 1996. Mai Po Marshes. In M. Katz (ed). Wetlands, Biodiversity and the Ramsar 
Convention. Ramsar Convention Bureau, Gland, Switzerland, pp. 52-53.

Young, L. 1997. Mangrove conservation and shrimp aquaculture,. In B.W. Darvell (ed). 
Challenges in a Crowded World. Proceedings of the First International Symposium on 
Marine Conservation,  Hong Kong, 26-27 Oct. 1996. Hong Kong Marine Conservation 
Society, Hong Kong, pp. 128-133.

Ziemann, D. A., Walsh, W. A., Saphore, E. G. & Fulton-Bennet, K. 1992. A survey of 
water quality characteristics of effluent from Hawaiian aquaculture facilities. Journal of 
the World Aquaculture Society, 23: 180-191.





Integrated marine and brackishwater aquaculture in tropical regions: research, implementation and prospects 115

Appendix 1 – Sources

This study was mainly performed as a desktop review with interviews (by e-mail, 
letter, telephone and in-person) with key people. Besides standard search in common 
aquaculture journals, in electronic or print format, the study was complemented 
by visits to some key aquaculture centres in Asia. These include: Southeast Asian 
Fisheries Development Center (SEAFDEC), IIoilo, The Philippines; Asian Institute 
for Technology (AIT), Bangkok, Thailand; and Network of Aquaculture Centres in 
Asia-Pacific (NACA), Bangkok, Thailand. 

Other sources of information included the Seaweb programme (www.seaweb.
org); the aquaculture and aquatic resources management library in the Asian Institute 
for Technology in Bangkok, Thailand (AIT); the Web site of the Aquatic Health 
and Food Safety Committee of Baja California (CESAIBC, www.cesaibc.org); the 
Support to Regional Aquatic Resources Management programme (STREAM) Virtual 
Library (www.streaminitiative.org/Library/); the Western Indian Ocean Marine 
Science Association (WIOMSA) reference data base; and the Web site of the World 
Aquaculture Society (WAS).
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System Species Country Aims Logistics of culture Results and discussion General conclusions Comments Reference

P
• Sea bass (Lates calcarifer)          
• Seaweed (Kappaphycus alvarezii)

Philippines IPMS Seaweed cultured in 3 × 3 m bamboo rafts installed inside a 4 × 4 
m floating net cage of sea bass (broodstock). 

Total production of approximately 123 t (fresh) 
or 37 t (dried) ha-1 in the 5-month culture 
period. 

Seaweed growth comparable, or somewhat 
higher, to commercial production in the 
Philippines. 

No comparison was made with 
controls outside fish cages.

Hurtado-Ponce, 1992a     

SI
• Shrimp (Penaeus monodon)             
• Mangrove (Rhizophora mucronata)

Thailand WM Effluents from Shrimp ponds (40 x 20 m) led into water 
treatment ponds with planted (1 stand per m2) mangroves. Water 
re-circulated back. Also mixed ponds was studied. Role of benthic 
organisms in focus.

There was no significant difference in nutrient 
concentrations. Benthic fauna diversity, density 
and biomass were higher in mangrove ponds. 
Shrimp pond sediment deteriorated. 

Mangroves overloaded if receiving shrimp 
wastes from shrimp area twice the size of 
the mangrove area. Similar size mangrove 
pond improved shrimp production but only 
extended time before deteriorated.

Experiment lasted between 50-147 
days. Maybe to short time for all 
effects to be seen. Not enough 
replication

Fujioka et al., 2006; Fujioka 
et al., 2005; Fujioka et al., 
2007

P

• Shrimp (Penaeus monodon) 
• Tilapia

Thailand IPMS WM Three brackishwater ponds were stocked with 1) only shrimp 
2) shrimp and high-density tilapia 3) shrimp and low-density 
tilapia. Ponds were fed by either variable feed concentrations or 
fixed concentrations.

Shrimp yield significantly higher in low-density 
fixed feed experiment, as opposed to mono- or 
high-density bi-culture. Tilapia growth was fast 
and independent of density suggesting not 
reached carrying capacity in system.

Greater yield of shrimp in low-density 
polyculture, diversification of production with 
addition of tilapia. Higher food conversion 
ratios and higher water quality. Net 
returns significantly higher in low-density 
polyculture with fixed feed. No difference 
between variable feed experiments. Tilapia 
enhanced water quality.

Optimal stocking density of tilapia for 
greatest return must still be assessed.

Yi et al., 2004. 

P

• Shrimp (Penaeus chinensis)  x O. niloticus        
• Constricted Tagelus (Sinonovacula constricta)

China IPMS WM Three species were cultured in an net cage  within an closed 
experimental pond.

Accumulation of N and P in the sediment of 
polyculture was 40% and 51%, lower than those 
of monoculture. DO and COD levels higher 
in polyculture and less fluctuating. Bacteria, 
phytoplankton and suspended organic matter in 
polyculture significantly lower. 

Enhanced production, diversification of 
products. Benefits gained from co-culture 
and higher FCR. Tilapia and tagelus 
enhanced pond water and sediment quality, 
and reduced waste emission.

Tian et al., 2001a; Tian et al., 
2001b; Qi et al., 2001  

P
• Shrimp  (Penaeus chinensis)   
• Tilapia (Oreochromis mossabicus     	     
  x O. niloticus)        
• Constricted Tagelus (Sinonovacula constricta)                                                             
• Scallop (Argopecten irradians)

China IPMS WM Four species were co-cultured with shrimps in an net cage  
within an closed experimental pond. Treatments: Shrimp-tagelus 
(biomass ratio of 1:3), Shrimp-scallop (1:1), Shrimp-tilapia (1:1), 
Shrimp-tilapia-tagelus (1:0.3:2). 

The “shrimp-tilapia-tagelus” system raised the 
production by 28% and the utilization efficiency 
of input nitrogen by 85%. 

All polyculture combinations superior 
to shrimp monoculture with respect to 
economic and ecological efficiencies.

Li and Dong, 2000. 

P
• Shrimp (Penaeus monodon)                
• Tilapia

Indonesia IPMS WM Tilapia initially stocked in cages inside in earthen shrimp ponds 
(1800-4000 m2). Fish then released 60 days after shrimp were 
stocked. Shrimp stocked at 40 ind. m2 and tilapia 0.3 ind. m2

Shrimp production level was increased by 20%. 
More stable water quality in polyculture. 

Benefits gained from increased shrimp 
production and additional species. Tilapia 
believed to enhance water quality and 
increase biturbation.

High water exchange- 5-40 % two 
times a day.

Akiyama and Anggawati, 1999

P • Shrimp (Penaeus monodon)                                                    
• Green mussel (Perna viridis)

Philippines IPMS WM Polyculture and monoculture of two species in experimental 
ponds for comparison of a variety of parameters (growth, water 
quality, etc.).  Mussels grown on ropes hung from rafts in the 
pond.

Presence of green mussels only slightly improve 
water quality but  enhanced growth rate and 
overall production of shrimp.

Benefits gained from increased shrimp 
production and additional species. To 
obtain a effective biofilter further studies of 
stocking densities are needed.

No significant differences. Corre et al., 1997

S
• Shrimp (Penaeus monodon)                                                    
• Green mussel (Perna viridis)

Thailand IPMS WM Intensive shrimp pond wastewater  (stocking 30 ind. M2 in 0.3-0.4 
ha ponds) channelled into a drain with green mussels on bamboo 
sticks. Water exchange 10-13% daily.

Mussel growth 12 to 42 g in 18 weeks. Water 
quality in drainage channels stable and suitable 
for mussel growth. 

Potential improvement of quality of shrimp 
pond waste water and production of 
additional product. 

No measurement of nutrient removal 
capacity or changes in water quality 
parameters. Only mussel growth 
measured.

Lin et al., 1993

P • Milkfish (Chanos chanos)                                              
• Seaweed (Gracilariopsis bailinae)

Philippines IPMS Pond (18 m2) and aquarium bi- and mono-cultures of both 
species. Fish stocking density 5000 ind. ha-1 and receiving 
feed pellets. Water replenishment once or twice fortnightly. 
Experimental period 16 weeks.

Both species had higher growth rates in 
polyculture than in monoculture, however, 
milkfish unable to control epiphytes on 
seaweeds. Seaweeds increased DO. 

Successful integration but growth rates  of 
both fish and seaweed declined over time. 
Declined seaweed growth probably due to 
epifytism (green algae). 

Good replication. Short duration. No 
explanation for slower fish growth.

Alcantara et al., 1999

P

• Milkfish (Chanos chanos)                                              
• Seaweed (Gracilariopsis bailinae)

Pilippines IPMS WM Fine mesh nets submerged in earthen brackish water ponds 
(each 100 m2). Three different fish-seaweed combinations tested: 
30 fingerlings and 11 kg seaweed, 30 fingerlings and 112 kg 
seaweed, 30 fingerlings and no seaweed. Water exchange 
every spring tide (one-third of the pond water) and application of 
inorganic fertilizers. Two years study.

Milkfish growth unaffected by presence of 
seaweed. Fish growth similar to other studies on 
fish monoculture. Seaweed growth unaffected 
by tested stocking densities. Season and salinity 
had greatest effect on overall growth. Growth 
rates of seaweed similar to other studies in 
open water and brackishwater ponds.

Seaweed can act as biofilter and provide 
additional income. Due to seasonal 
changes it was difficult to maintain gracilaria 
production for extended periods. Night 
respiration increased with seaweeds but 
kept within tolerable limits. 

No control for seaweed growth. No 
measurement of nutrients.

Guanzon et al., 2004

P

• Milkfish (Chanos chanos)                                              
• Spotted Babylon (Babylonia areolata)

Thailand IPMS Polyculture in  400 m2 earthen ponds.  Stocking density: 200 
snails m-2, 5 fish m-2. Trashfish used for the snails and natural 
food + pellets for the fish.  50% of seawater exchanged at 15 
days intervals. 

Polyculture is more economically beneficial than 
monoculture but further research is needed into 
efficiency Return on investment was 2.62.

Better economic returns from polyculture, 
potential use of earthen ponds that have 
been abandoned by shrimp farmers. 

No comparison with monoculture. 
Beneficial effects from polyculture 
not investigated or discussed. No 
water quality parameters monitored. 
Economic calculations only including  
profits from snails. 

Kritsanapuntu et al., 2006a         
Kritsanapuntu et al., 2006b

Appendix 2

Brief overview of experimental work conducted on integrated mariculture in tropical regions

A= Polyculture, B= Sequential Integration, D= Mangrove Integration. Waste release Mitigation (WM), Increased Profits 
Multiple Species (IPMS), Treating culture water + culture env. (WT), Habitat preservation (HP).
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System Species Country Aims Logistics of culture Results and discussion General conclusions Comments Reference

P
• Sea bass (Lates calcarifer)          
• Seaweed (Kappaphycus alvarezii)

Philippines IPMS Seaweed cultured in 3 × 3 m bamboo rafts installed inside a 4 × 4 
m floating net cage of sea bass (broodstock). 

Total production of approximately 123 t (fresh) 
or 37 t (dried) ha-1 in the 5-month culture 
period. 

Seaweed growth comparable, or somewhat 
higher, to commercial production in the 
Philippines. 

No comparison was made with 
controls outside fish cages.

Hurtado-Ponce, 1992a     

SI
• Shrimp (Penaeus monodon)             
• Mangrove (Rhizophora mucronata)

Thailand WM Effluents from Shrimp ponds (40 x 20 m) led into water 
treatment ponds with planted (1 stand per m2) mangroves. Water 
re-circulated back. Also mixed ponds was studied. Role of benthic 
organisms in focus.

There was no significant difference in nutrient 
concentrations. Benthic fauna diversity, density 
and biomass were higher in mangrove ponds. 
Shrimp pond sediment deteriorated. 

Mangroves overloaded if receiving shrimp 
wastes from shrimp area twice the size of 
the mangrove area. Similar size mangrove 
pond improved shrimp production but only 
extended time before deteriorated.

Experiment lasted between 50-147 
days. Maybe to short time for all 
effects to be seen. Not enough 
replication

Fujioka et al., 2006; Fujioka 
et al., 2005; Fujioka et al., 
2007

P

• Shrimp (Penaeus monodon) 
• Tilapia

Thailand IPMS WM Three brackishwater ponds were stocked with 1) only shrimp 
2) shrimp and high-density tilapia 3) shrimp and low-density 
tilapia. Ponds were fed by either variable feed concentrations or 
fixed concentrations.

Shrimp yield significantly higher in low-density 
fixed feed experiment, as opposed to mono- or 
high-density bi-culture. Tilapia growth was fast 
and independent of density suggesting not 
reached carrying capacity in system.

Greater yield of shrimp in low-density 
polyculture, diversification of production with 
addition of tilapia. Higher food conversion 
ratios and higher water quality. Net 
returns significantly higher in low-density 
polyculture with fixed feed. No difference 
between variable feed experiments. Tilapia 
enhanced water quality.

Optimal stocking density of tilapia for 
greatest return must still be assessed.

Yi et al., 2004. 

P

• Shrimp (Penaeus chinensis)  x O. niloticus        
• Constricted Tagelus (Sinonovacula constricta)

China IPMS WM Three species were cultured in an net cage  within an closed 
experimental pond.

Accumulation of N and P in the sediment of 
polyculture was 40% and 51%, lower than those 
of monoculture. DO and COD levels higher 
in polyculture and less fluctuating. Bacteria, 
phytoplankton and suspended organic matter in 
polyculture significantly lower. 

Enhanced production, diversification of 
products. Benefits gained from co-culture 
and higher FCR. Tilapia and tagelus 
enhanced pond water and sediment quality, 
and reduced waste emission.

Tian et al., 2001a; Tian et al., 
2001b; Qi et al., 2001  

P
• Shrimp  (Penaeus chinensis)   
• Tilapia (Oreochromis mossabicus     	     
  x O. niloticus)        
• Constricted Tagelus (Sinonovacula constricta)                                                             
• Scallop (Argopecten irradians)

China IPMS WM Four species were co-cultured with shrimps in an net cage  
within an closed experimental pond. Treatments: Shrimp-tagelus 
(biomass ratio of 1:3), Shrimp-scallop (1:1), Shrimp-tilapia (1:1), 
Shrimp-tilapia-tagelus (1:0.3:2). 

The “shrimp-tilapia-tagelus” system raised the 
production by 28% and the utilization efficiency 
of input nitrogen by 85%. 

All polyculture combinations superior 
to shrimp monoculture with respect to 
economic and ecological efficiencies.

Li and Dong, 2000. 

P
• Shrimp (Penaeus monodon)                
• Tilapia

Indonesia IPMS WM Tilapia initially stocked in cages inside in earthen shrimp ponds 
(1800-4000 m2). Fish then released 60 days after shrimp were 
stocked. Shrimp stocked at 40 ind. m2 and tilapia 0.3 ind. m2

Shrimp production level was increased by 20%. 
More stable water quality in polyculture. 

Benefits gained from increased shrimp 
production and additional species. Tilapia 
believed to enhance water quality and 
increase biturbation.

High water exchange- 5-40 % two 
times a day.

Akiyama and Anggawati, 1999

P • Shrimp (Penaeus monodon)                                                    
• Green mussel (Perna viridis)

Philippines IPMS WM Polyculture and monoculture of two species in experimental 
ponds for comparison of a variety of parameters (growth, water 
quality, etc.).  Mussels grown on ropes hung from rafts in the 
pond.

Presence of green mussels only slightly improve 
water quality but  enhanced growth rate and 
overall production of shrimp.

Benefits gained from increased shrimp 
production and additional species. To 
obtain a effective biofilter further studies of 
stocking densities are needed.

No significant differences. Corre et al., 1997

S
• Shrimp (Penaeus monodon)                                                    
• Green mussel (Perna viridis)

Thailand IPMS WM Intensive shrimp pond wastewater  (stocking 30 ind. M2 in 0.3-0.4 
ha ponds) channelled into a drain with green mussels on bamboo 
sticks. Water exchange 10-13% daily.

Mussel growth 12 to 42 g in 18 weeks. Water 
quality in drainage channels stable and suitable 
for mussel growth. 

Potential improvement of quality of shrimp 
pond waste water and production of 
additional product. 

No measurement of nutrient removal 
capacity or changes in water quality 
parameters. Only mussel growth 
measured.

Lin et al., 1993

P • Milkfish (Chanos chanos)                                              
• Seaweed (Gracilariopsis bailinae)

Philippines IPMS Pond (18 m2) and aquarium bi- and mono-cultures of both 
species. Fish stocking density 5000 ind. ha-1 and receiving 
feed pellets. Water replenishment once or twice fortnightly. 
Experimental period 16 weeks.

Both species had higher growth rates in 
polyculture than in monoculture, however, 
milkfish unable to control epiphytes on 
seaweeds. Seaweeds increased DO. 

Successful integration but growth rates  of 
both fish and seaweed declined over time. 
Declined seaweed growth probably due to 
epifytism (green algae). 

Good replication. Short duration. No 
explanation for slower fish growth.

Alcantara et al., 1999

P

• Milkfish (Chanos chanos)                                              
• Seaweed (Gracilariopsis bailinae)

Pilippines IPMS WM Fine mesh nets submerged in earthen brackish water ponds 
(each 100 m2). Three different fish-seaweed combinations tested: 
30 fingerlings and 11 kg seaweed, 30 fingerlings and 112 kg 
seaweed, 30 fingerlings and no seaweed. Water exchange 
every spring tide (one-third of the pond water) and application of 
inorganic fertilizers. Two years study.

Milkfish growth unaffected by presence of 
seaweed. Fish growth similar to other studies on 
fish monoculture. Seaweed growth unaffected 
by tested stocking densities. Season and salinity 
had greatest effect on overall growth. Growth 
rates of seaweed similar to other studies in 
open water and brackishwater ponds.

Seaweed can act as biofilter and provide 
additional income. Due to seasonal 
changes it was difficult to maintain gracilaria 
production for extended periods. Night 
respiration increased with seaweeds but 
kept within tolerable limits. 

No control for seaweed growth. No 
measurement of nutrients.

Guanzon et al., 2004

P

• Milkfish (Chanos chanos)                                              
• Spotted Babylon (Babylonia areolata)

Thailand IPMS Polyculture in  400 m2 earthen ponds.  Stocking density: 200 
snails m-2, 5 fish m-2. Trashfish used for the snails and natural 
food + pellets for the fish.  50% of seawater exchanged at 15 
days intervals. 

Polyculture is more economically beneficial than 
monoculture but further research is needed into 
efficiency Return on investment was 2.62.

Better economic returns from polyculture, 
potential use of earthen ponds that have 
been abandoned by shrimp farmers. 

No comparison with monoculture. 
Beneficial effects from polyculture 
not investigated or discussed. No 
water quality parameters monitored. 
Economic calculations only including  
profits from snails. 

Kritsanapuntu et al., 2006a         
Kritsanapuntu et al., 2006b

Mixed Mangrove Ponds/Pens

Tanks

Open Water

Earthen Ponds

Colour codes
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SI
• Shrimp  (Penaeus monodon)                                        
• Seaweed (Gracilaria sp.)

Brazil IPMS WM Shrimp effluent water from commercial shrimp pond culture 
drained into ditches  with seaweed placed on frames. Seaweeds 
at 0.3 m below surface and 1.2 m above bottom. Shrimp stocked 
at 25 ind. Fertilization and pellet feeds. Five month study.

Seaweed growth rates varied between 1.8 to 
8.8%. Silt accumulation on fronds removed 
every two days. High ammonia concentrations 
probably inhibiting seaweed growth after some 
time of culture.

Ammonia in excess may have had negative 
effect on red seaweed growth. High water 
turbidity impacting negatively on growth. 
Integration possible but more studies to find 
optimal design needed.  

No information about water exchange 
given. 

Marinho-Soriano et al., 2002

P

• Shrimp (Penaeus monodon)                       
• Milkfish (Chanos chanos)                       
• Mullet (Mugil cephalus)

Taiwan IPMS Culture of three species in inland ponds which receive water from 
deep salt water wells.

Polyculture was more effective than any tiger 
shrimp monoculture. Higher shrimp growth rate 
in polyculture. Production: Polyculture-1.5 t 
shrimp + 13.75 t fish; Monoculture- 10.5 t 
shrimp. Less phytoplankton fluctuation in 
polyculture ponds.

The impact of inland ponds (10-20km) 
which use salt-water must be assessed - 
fresh-water salinization, water exchange, 
etc. Polyculture reducing risk of harvest 
loss.

Study summarised in Brzeski and 
Newkirk 1997. Higher stocking density 
of shrimps in monoculture resulting in 
more shrimps being produced. Poor 
relocation and no economic analysis.

Chiang et al., 1990

P
• Shrimp  (Penaeus monodon)                                        
• Milkfish (Chanos chanos)

India IPMS Brackishwater pond (440 m2). Stocking rate: 21000 shrimp per 
ha, 1000 milkfish per ha. Formulated feeds. 72 days study.

High survival rate (>90%) for both shrimp and 
fish.  Highest recorded production of shrimp 
compared to previous monoculture.

Polyculture showed upon greater returns 
than monoculture.

No replication. No detailed economic 
analysis. No monoculture experiments 
carried out within the study.

Thampy et al., 1988

P

• Shrimp  (Penaeus monodon)                                        
• Tilapia (Oreochromis niloticus)

Thailand WM Nine 200 m2 earthen ponds. Three different shrimp: fish ratios 
(ind. per m2)  was investigated: 30:0,  30:0.25 and 30:0.5. 
Nutrients and solids quantified in pond water. Different draining 
schemes investigated.

Results not revealing the different nutrient 
reduction capacities for the different treatments 
(with or without tilapia). Tilapia not affecting 
shrimp growth even if competing for feed. 
Higher feed input to polyculture did not result 
in higher phytoplankton abundance. Tilapia 
consuming phytoplankton and stabilizing water 
quality, and decreasing water turbidity. More 
nutrients bound in biomass in polyculture.

The present study showed that shrimp-
tilapia polyculture is feasible technically, 
however, but not attractive economically. 
Economically viable to co-culture Tilapia 
with shrimps, but monoculture higher net 
return. 

 Saelee, 2004

P
• Shrimp  (Penaeus monodon)                                        
• Tilapia (Oreochromis niloticus)

Thailand IPMS WT Nine 200 m2 earthen ponds. Three different shrimp: fish ratios 
(ind. per m2)  was investigated: 15:1,  15:2 and 15:4. Culture 
period 133 days.

Growth parameters of shrimp including total 
weight, survival rate, gross and net yields in the 
high tilapia density treatment were significantly 
poorer than those in the medium and low tilapia 
density treatments. Higher fish density resulted 
in less DO and higher TAN. 

Not attractive economically with high fish 
density as survival of shrimps decreased. 
More research needed to optimize the 
tilapia-shrimp polyculture system. Survival 
and production of shrimps did not differ 
between the low tilapia densities.

No comparison was made between 
monoculture of tilapia and co-culture 
with shrimps. Only different densities 
of tilapia together with shrimps was 
evaluated. 

Thien et al., 2004.                                                                                   
Thien 2003

P

• Shrimp  (Penaeus monodon)                                        
• Mullet (Mugil sp.)

Philippines IPMS Brackishwater ponds (21 x 171 m2) polyculture to find optimal 
stocking densities for both species. Treatment ratios shrimp 
and mullet: 5000:0, 0:5000, 0:7500, 0:10000, 5000:5000, 
5000:7500,5000:10000. 120 days trial.

No competition between the two species, 
but intraspecific competition in highest fish 
density treatment. Highest total production 
in combination with shrimps and highest fish 
density, and lowest production in low density 
fish monoculture.

Diversification of products seems feasible 
using the co-culture of shrimps and mullet. 

Abstract. Feeding? Nutrients? Manzano 1982

P
• Sea cucumber (Holothuria scabra)                                                            
• Shrimp (Litopenaeus stylirostris)

IPMS WM Juvenile sandfish stocked at 0.8 and 
1.6 individuals m-2 in hapas within 0.2-ha earthen shrimp ponds.  
Shrimp post-larvae stocked at 20 ind. m-2. 

Survival and growth of sandfish reared 
with shrimp significantly lower compared 
to monoculture. Increased shrimp stocking 
densities impacted negatively on sandfish 
survival. High stocking density of juvenile 
sandfish had no significant effects on growth 
and survival of shrimp. 

Co-culture of larger individuals not viable 
but monoculture in earthen ponds seems 
promising.

Bell et al., 2007

P 
(SI)

• Sea cucumber (Holothuria scabra)                                                            
• Shrimp (Litopenaeus stylirostris)

New Caledonia, 
(France)

IPMS Shrimp and sea cucumber were co-cultured in experimental salt 
water tanks. Shrimp feed not accessible for sea cucumbers. 
Tanks, 500 L. Juveniles of both shrimps and sea cucumbers 
used.

Growth of shrimp did not differ between 
monoculture and co-culture. Sandfish grew 
significantly slower in co-culture. Shrimps 
lowering water quality for sandfish (increased 
TAN). Sea cucumber add to turbation but don’t 
significantly remove excess nutrients - not an 
effective biofilter,

Polyculture at the juvenile stage of both 
species seems possible. Co-culture 
may, despite slowed sandfish growth, be 
more financially sustainable compared to 
monoculture. Juvenile sandfish cannot be 
expected to be significant bioremediators 
for shrimp ponds. Further studies on waste 
discharge by larger sandfish at higher 
densities needed.

Researchers suggest seaweed 
as possible addition to system for 
biofiltration purpose.

Purcell et al., 2006

P

• Shrimp (Litopenaeus stylirostris)                                        
• Sea Cucumber

Viet Nam IPMS Outdoor fibreglass tanks (1.15 m3), 6 m-3 outdoor concrete tanks, 
high water exchange. Many different trials were carrier out, 
including different combinations and treatments.

Somewhat promising results but predation 
of sandfish by shrimps was a problem under 
certain conditions. Authors recommend more 
research needed before any conclusions can 
be drawn. Co-culture viable under certain 
conditions.  Study only used many variations on 
stocking but few replicates.

Potentially co-culture of sandfish at no extra 
cost and no negative impact on shrimp 
growth. Harassment and predation of 
sandfish occurred under some conditions. 
Predation by shrimps under certain 
conditions. To high shrimp densities making 
sediment environment unsuitable for the 
sandfish. Successful co-culture means 
greater return for farmers using system. 

No economic performance assessed 
in this study

Pitt et al., 2004

P

• Shrimp (Penaeus monodon)                                               
• Tilapia (Oreochromis niloticus)

Pilippines IPMS WM all inoculation and tank experiment. Fish  (500 g m-2) in net-cages 
inside 3 m2 outdoor tanks. Shrimps stocked at different densities 
(80 and 110 g m-2) directly in the tank. Different feeding rates 
tested. Tank water inoculated with V. Harveyi. Incubation for 
15-21 days without water exchange.

Feeding enhances the antibacterial activity 
or improves the efficiency of tilapia to inhibit 
bacteria. Increased shrimp biomass (>80 g m-3) 
resulted in decreased efficiency in tilapia to 
inhibit bacteria growth. Shrimp survival was 
lowest in control tanks without any fish.

Results explain discrepancies found in the 
use of tilapia to control luminous bacterial 
disease in shrimp ponds.

Small scale tank experiments 
conducted during short time.

Tendencia, de la Peña and 
Choresca, 2006

P
• Shrimp (Penaeus monodon)                          
• Grouper (Epinephelus coioides)                                            
• Milkfish (Chanos chanos)                                               
• Tilapia (Oreochromis niloticus)        

Pilippines IPMS WM Small inoculation and tank experiment. Fish  (500 g m-2) in net-
cages inside 3 m2 outdoor tanks. Shrimps (80 g m-2) stocked 
directly in tanks. Tank water inoculated with V. Harveyi. Incubation 
for 21 days without water exchange.

Tilapia and grouper decreased luminous 
bacteria levels resulting in increased shrimp 
survival.  Milkfish had no such effect. Shrimp 
survival was lowest in control tanks without any 
fish.

Study proved that the presence of  
tilapia, grouper and milkfish positively 
affects shrimp survival (tilapia most 
effectively). 

Small scale tank experiments 
conducted during short time.

Tendencia et al., 2006, 
Tendencia et al., 2003, 
Tendencia et al., 2004, 
Tendencia et al., 2005
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SI
• Shrimp  (Penaeus monodon)                                        
• Seaweed (Gracilaria sp.)

Brazil IPMS WM Shrimp effluent water from commercial shrimp pond culture 
drained into ditches  with seaweed placed on frames. Seaweeds 
at 0.3 m below surface and 1.2 m above bottom. Shrimp stocked 
at 25 ind. Fertilization and pellet feeds. Five month study.

Seaweed growth rates varied between 1.8 to 
8.8%. Silt accumulation on fronds removed 
every two days. High ammonia concentrations 
probably inhibiting seaweed growth after some 
time of culture.

Ammonia in excess may have had negative 
effect on red seaweed growth. High water 
turbidity impacting negatively on growth. 
Integration possible but more studies to find 
optimal design needed.  

No information about water exchange 
given. 

Marinho-Soriano et al., 2002

P

• Shrimp (Penaeus monodon)                       
• Milkfish (Chanos chanos)                       
• Mullet (Mugil cephalus)

Taiwan IPMS Culture of three species in inland ponds which receive water from 
deep salt water wells.

Polyculture was more effective than any tiger 
shrimp monoculture. Higher shrimp growth rate 
in polyculture. Production: Polyculture-1.5 t 
shrimp + 13.75 t fish; Monoculture- 10.5 t 
shrimp. Less phytoplankton fluctuation in 
polyculture ponds.

The impact of inland ponds (10-20km) 
which use salt-water must be assessed - 
fresh-water salinization, water exchange, 
etc. Polyculture reducing risk of harvest 
loss.

Study summarised in Brzeski and 
Newkirk 1997. Higher stocking density 
of shrimps in monoculture resulting in 
more shrimps being produced. Poor 
relocation and no economic analysis.

Chiang et al., 1990

P
• Shrimp  (Penaeus monodon)                                        
• Milkfish (Chanos chanos)

India IPMS Brackishwater pond (440 m2). Stocking rate: 21000 shrimp per 
ha, 1000 milkfish per ha. Formulated feeds. 72 days study.

High survival rate (>90%) for both shrimp and 
fish.  Highest recorded production of shrimp 
compared to previous monoculture.

Polyculture showed upon greater returns 
than monoculture.

No replication. No detailed economic 
analysis. No monoculture experiments 
carried out within the study.

Thampy et al., 1988

P

• Shrimp  (Penaeus monodon)                                        
• Tilapia (Oreochromis niloticus)

Thailand WM Nine 200 m2 earthen ponds. Three different shrimp: fish ratios 
(ind. per m2)  was investigated: 30:0,  30:0.25 and 30:0.5. 
Nutrients and solids quantified in pond water. Different draining 
schemes investigated.

Results not revealing the different nutrient 
reduction capacities for the different treatments 
(with or without tilapia). Tilapia not affecting 
shrimp growth even if competing for feed. 
Higher feed input to polyculture did not result 
in higher phytoplankton abundance. Tilapia 
consuming phytoplankton and stabilizing water 
quality, and decreasing water turbidity. More 
nutrients bound in biomass in polyculture.

The present study showed that shrimp-
tilapia polyculture is feasible technically, 
however, but not attractive economically. 
Economically viable to co-culture Tilapia 
with shrimps, but monoculture higher net 
return. 

 Saelee, 2004

P
• Shrimp  (Penaeus monodon)                                        
• Tilapia (Oreochromis niloticus)

Thailand IPMS WT Nine 200 m2 earthen ponds. Three different shrimp: fish ratios 
(ind. per m2)  was investigated: 15:1,  15:2 and 15:4. Culture 
period 133 days.

Growth parameters of shrimp including total 
weight, survival rate, gross and net yields in the 
high tilapia density treatment were significantly 
poorer than those in the medium and low tilapia 
density treatments. Higher fish density resulted 
in less DO and higher TAN. 

Not attractive economically with high fish 
density as survival of shrimps decreased. 
More research needed to optimize the 
tilapia-shrimp polyculture system. Survival 
and production of shrimps did not differ 
between the low tilapia densities.

No comparison was made between 
monoculture of tilapia and co-culture 
with shrimps. Only different densities 
of tilapia together with shrimps was 
evaluated. 

Thien et al., 2004.                                                                                   
Thien 2003

P

• Shrimp  (Penaeus monodon)                                        
• Mullet (Mugil sp.)

Philippines IPMS Brackishwater ponds (21 x 171 m2) polyculture to find optimal 
stocking densities for both species. Treatment ratios shrimp 
and mullet: 5000:0, 0:5000, 0:7500, 0:10000, 5000:5000, 
5000:7500,5000:10000. 120 days trial.

No competition between the two species, 
but intraspecific competition in highest fish 
density treatment. Highest total production 
in combination with shrimps and highest fish 
density, and lowest production in low density 
fish monoculture.

Diversification of products seems feasible 
using the co-culture of shrimps and mullet. 

Abstract. Feeding? Nutrients? Manzano 1982

P
• Sea cucumber (Holothuria scabra)                                                            
• Shrimp (Litopenaeus stylirostris)

IPMS WM Juvenile sandfish stocked at 0.8 and 
1.6 individuals m-2 in hapas within 0.2-ha earthen shrimp ponds.  
Shrimp post-larvae stocked at 20 ind. m-2. 

Survival and growth of sandfish reared 
with shrimp significantly lower compared 
to monoculture. Increased shrimp stocking 
densities impacted negatively on sandfish 
survival. High stocking density of juvenile 
sandfish had no significant effects on growth 
and survival of shrimp. 

Co-culture of larger individuals not viable 
but monoculture in earthen ponds seems 
promising.

Bell et al., 2007

P 
(SI)

• Sea cucumber (Holothuria scabra)                                                            
• Shrimp (Litopenaeus stylirostris)

New Caledonia, 
(France)

IPMS Shrimp and sea cucumber were co-cultured in experimental salt 
water tanks. Shrimp feed not accessible for sea cucumbers. 
Tanks, 500 L. Juveniles of both shrimps and sea cucumbers 
used.

Growth of shrimp did not differ between 
monoculture and co-culture. Sandfish grew 
significantly slower in co-culture. Shrimps 
lowering water quality for sandfish (increased 
TAN). Sea cucumber add to turbation but don’t 
significantly remove excess nutrients - not an 
effective biofilter,

Polyculture at the juvenile stage of both 
species seems possible. Co-culture 
may, despite slowed sandfish growth, be 
more financially sustainable compared to 
monoculture. Juvenile sandfish cannot be 
expected to be significant bioremediators 
for shrimp ponds. Further studies on waste 
discharge by larger sandfish at higher 
densities needed.

Researchers suggest seaweed 
as possible addition to system for 
biofiltration purpose.

Purcell et al., 2006

P

• Shrimp (Litopenaeus stylirostris)                                        
• Sea Cucumber

Viet Nam IPMS Outdoor fibreglass tanks (1.15 m3), 6 m-3 outdoor concrete tanks, 
high water exchange. Many different trials were carrier out, 
including different combinations and treatments.

Somewhat promising results but predation 
of sandfish by shrimps was a problem under 
certain conditions. Authors recommend more 
research needed before any conclusions can 
be drawn. Co-culture viable under certain 
conditions.  Study only used many variations on 
stocking but few replicates.

Potentially co-culture of sandfish at no extra 
cost and no negative impact on shrimp 
growth. Harassment and predation of 
sandfish occurred under some conditions. 
Predation by shrimps under certain 
conditions. To high shrimp densities making 
sediment environment unsuitable for the 
sandfish. Successful co-culture means 
greater return for farmers using system. 

No economic performance assessed 
in this study

Pitt et al., 2004

P

• Shrimp (Penaeus monodon)                                               
• Tilapia (Oreochromis niloticus)

Pilippines IPMS WM all inoculation and tank experiment. Fish  (500 g m-2) in net-cages 
inside 3 m2 outdoor tanks. Shrimps stocked at different densities 
(80 and 110 g m-2) directly in the tank. Different feeding rates 
tested. Tank water inoculated with V. Harveyi. Incubation for 
15-21 days without water exchange.

Feeding enhances the antibacterial activity 
or improves the efficiency of tilapia to inhibit 
bacteria. Increased shrimp biomass (>80 g m-3) 
resulted in decreased efficiency in tilapia to 
inhibit bacteria growth. Shrimp survival was 
lowest in control tanks without any fish.

Results explain discrepancies found in the 
use of tilapia to control luminous bacterial 
disease in shrimp ponds.

Small scale tank experiments 
conducted during short time.

Tendencia, de la Peña and 
Choresca, 2006

P
• Shrimp (Penaeus monodon)                          
• Grouper (Epinephelus coioides)                                            
• Milkfish (Chanos chanos)                                               
• Tilapia (Oreochromis niloticus)        

Pilippines IPMS WM Small inoculation and tank experiment. Fish  (500 g m-2) in net-
cages inside 3 m2 outdoor tanks. Shrimps (80 g m-2) stocked 
directly in tanks. Tank water inoculated with V. Harveyi. Incubation 
for 21 days without water exchange.

Tilapia and grouper decreased luminous 
bacteria levels resulting in increased shrimp 
survival.  Milkfish had no such effect. Shrimp 
survival was lowest in control tanks without any 
fish.

Study proved that the presence of  
tilapia, grouper and milkfish positively 
affects shrimp survival (tilapia most 
effectively). 

Small scale tank experiments 
conducted during short time.

Tendencia et al., 2006, 
Tendencia et al., 2003, 
Tendencia et al., 2004, 
Tendencia et al., 2005
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P
• Oyster (Pinctada martensi)                        
• Seaweed (Kappaphycus alvarezii)

China IPMS WM Both lab. and open sea experiments. Glass container (20 L) used 
for evaluating seaweed nutrient uptake. Open water experiments: 
1) both species cultured in offshore cages, 2) oyster growth in 
cages in seaweed farm, 3) seaweed grown in cages in oyster 
farm. 

Both species grew faster in polyculture than 
monoculture. Oyster nitrogen waste stimulated 
seaweed growth.

Kappaphycus can be used as a  
nitrogenous waste remover in pearl oyster 
farming and also stimulate pearl oyster 
production.

Unclear how oysters benefit from 
seaweeds as they compete with 
phytoplankton for nutrients.

Qian et al., 1996       
Wu et al., 2003

SI

• Oyster (Pinctada martensi)                                      
• Sea Urchins (Lytechinus variegatus,  
  Echinometra lucunter)      

Venezuela WM Two species of sea urchins were placed on oyster lines in order 
to attempt to control fouling on the lines and on the oyster.

One species of sea urchin reduced fouling on 
lines and shells significantly, while the other only 
reduced fouling on the lines. Combination of 
both urchin species reduced fouling on lines and 
shells as well.

Sea urchins may be viable biocontrolers 
for fouling in bi-valve line systems. No 
difference in pearl oyster growth was, 
however, recorded and this is consistent 
with past research that oysters are not 
sensitive to fouling. Reduction in fouling on 
shells can reduce the amount of cleaning 
involved before sale, as well as increase 
overall value of bi-valve product. 

No investigation of costs involved for 
cleaning the oysters and what the 
reduced fouling by sea urchins could 
imply from an economic point of view.

Lodeiros and Garcia 2004

SI
• Shrimp (Penaeus monodon)                                        
• Seaweed (Gracilaria parvispora)

Hawaii IPMS WM Two phase system: fertilization and initial growth of seaweed in 
ditches, periodically were filled with shrimp pond effluents, and 
then moved to floating cages in a lagoon for grow-out.

Relative growth rates of effluent-enriched thalli 
in the cage system ranged from 8.8% to 10.4% 
day-1. Growth of thalli fertilized with inorganic 
fertilizer was 4.6% day-1. Thalli  in the effluent 
ditch had mean growth rates of 4.7% day-1.

Enhanced growth of seaweed and the use 
of effluent from commercial shrimp farms as 
a resource.

Costs involved in maintenance 
(handling, transportation, etc.) not 
considered.

Nelson et al., 2001

P

• Oyster (Pteria, Ostrea nomades)                                             
• Siganid (Siganus canaliculatus, Siganus  
  lineatus)                                                     

Micronesia IPMS Oysters were grown on stringers which were placed in pens 
stocked with rabbit fish 

Siganids observed to eat algae which normally 
creates fouling, and more spat settled on nets 
when fish were present.

Cleaner equipment, decreased demand 
on labourers, greater production of oysters 
as a result of less fouling, and benefits of 
additional commercially viable species in 
rabbit fish. Enhances production, additional 
commercially viable product.

Hasse 1974

P
• Shrimp (Penaeus indicus)                                            
• Milkfish (Chanos chanos)                                           
• Mullet (Valamugil seheli)                                            
• Sillago (Liza macrolepis)

India IPMS Polyculture of four species conducted in earthen ponds and 
coastal net-pens for comparison

Mullet and Sillago showed better growth in 
net-pen, while milkfish showed better growth 
in pond. No difference between fertilized and 
unfertilized ponds in terms of growth. 

Diversification of products. Benefits of 
multiple commercially viable products.

Abstract James et al., 1984

SI

• Shrimp (Penaeus monodon)                                       
• Shrimp (Fenneropenaeus merguiensis)                                          
• Green mussle (Perna viridis)

Thailand WM Stable isotope analysis, treatment ponds with mussels dC value suggesting that shrimp feed was the 
main food source for the mussels

Reduced particle load from biofilteering by 
the mussels.

Growth was not measured and 
no  comparisons was made with 
monoculture outflow (i.e. biofiltering 
efficiency not made). Study just 
showing potential for co-culture. No 
economics considered. 

Yokoyama et al., 2002

P
• Shrimp (Litopenaeus vannamei)         
• Oyster (Crassostrea gigas)                                     
• Black clam (Chione fluctifraga)

Mexico IPMS WT 
WM

Earthen ponds. Monoculture of shrimps compared to polyculture. 
Growth as well as water quality studied. Study period nine month. 
Two oyster densities (10 and 16 m-2), two clam densities (8 and 
10 m-2) and one shrimp density (30 m-2) was investigated.

Total ammonium nitrogen, total suspended 
solids  and chlorophyll-a significantly lower in 
the ponds with the highest combined density 
of molluscs. Increased shrimp growth in 
Polyculture.

Crassostrea gigas showed not to be a good 
prospect for this polyculture (low survival 
(10-16%) due to high temperature). 

No estimation of extra costs involved 
for farming multiple species. 

Martinez-Cordova and 
Martinez-Porchas 2006

P
• Shrimp (Litopenaeus vannamei)         
• Shrimp (Litopenaeus stylirostris)

Mexico IPMS Earthen ponds Litopenaeus vannamei and L. stylirostris exhibit 
some differences in their feeding preferences. 
Litopenaeus stylirostris is probably more 
carnivorous than L. vannamei, which can 
consume plant material quite well.

Lower FCR for polyculture, Higher 
production from increased growth 
(Litopenaeus stylirostris) and higher survival 
(both species). No economic analysis (even 
though data on FCR, growth available)

Martínez-Córdova and Pena-
Messina 2005 

P
• Spotted babylon, (Babylonia areolata)                                                     
• Sea Bass (Lates calcarifer)

Thailand IPMS WM Indoor tanks Average growth, survival, FCR and total 
production of spotted babylon and sea bass 
from polyculture were not significantly different 
from those in monoculture.

Unclear. No obvious benefits. Decreased 
culture area could be one benefit from 
polyculture. No water parameters 
measured. No decreased resource usage.

Chaitanawisuti et al., 2001

P • Tilapia (Oreochromis niloticus)            
• Shrimp (Litopenaeus vannamei) 

Brazil IPMS Tanks 1 m-3. Many different densities of both fish and shrimp 
tested, as well as different sizes fish of (50-200g).  Cultivation 
period 120 days.

L. vannamei can be grown in association with 
tilapia O. niloticus in different combinations and 
receiving only one type of feed).

Polyculture showed upon similar growth 
and survival as monoculture. 

Not evaluated but potential for more 
efficient resource utilisation and 
increased profits from an additional 
crop. Water quality not considered. 

Candido et al., 2005 
(In Spanish- abstract English)

P
• Giant Clams (Tridacna derasa)            
• Trochus (Trochus niloticus)

Solomon Island IPMS Initial rearing of trochus in tanks, then open water cages for 
grow-out together with giant clams. Species produced mainly for 
re-stocking but the system could potential also be used for grow-
out.

Trochus had no deleterious effects on the 
growth and survival of giant clams. Some 
indications of higher growth and survival of the 
giant clams at the highest stocking density of 
trochus. Trochus ineffective at removing larger 
species of algae.

Utilizing an existing culture facility (multiple 
crops). Growth and survival of the giant 
clams were improved at the highest 
stocking density of trochus, but this density 
was not optimal for trochus growth. 

Clarke et al., 2003 
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P
• Oyster (Pinctada martensi)                        
• Seaweed (Kappaphycus alvarezii)

China IPMS WM Both lab. and open sea experiments. Glass container (20 L) used 
for evaluating seaweed nutrient uptake. Open water experiments: 
1) both species cultured in offshore cages, 2) oyster growth in 
cages in seaweed farm, 3) seaweed grown in cages in oyster 
farm. 

Both species grew faster in polyculture than 
monoculture. Oyster nitrogen waste stimulated 
seaweed growth.

Kappaphycus can be used as a  
nitrogenous waste remover in pearl oyster 
farming and also stimulate pearl oyster 
production.

Unclear how oysters benefit from 
seaweeds as they compete with 
phytoplankton for nutrients.

Qian et al., 1996       
Wu et al., 2003

SI

• Oyster (Pinctada martensi)                                      
• Sea Urchins (Lytechinus variegatus,  
  Echinometra lucunter)      

Venezuela WM Two species of sea urchins were placed on oyster lines in order 
to attempt to control fouling on the lines and on the oyster.

One species of sea urchin reduced fouling on 
lines and shells significantly, while the other only 
reduced fouling on the lines. Combination of 
both urchin species reduced fouling on lines and 
shells as well.

Sea urchins may be viable biocontrolers 
for fouling in bi-valve line systems. No 
difference in pearl oyster growth was, 
however, recorded and this is consistent 
with past research that oysters are not 
sensitive to fouling. Reduction in fouling on 
shells can reduce the amount of cleaning 
involved before sale, as well as increase 
overall value of bi-valve product. 

No investigation of costs involved for 
cleaning the oysters and what the 
reduced fouling by sea urchins could 
imply from an economic point of view.

Lodeiros and Garcia 2004

SI
• Shrimp (Penaeus monodon)                                        
• Seaweed (Gracilaria parvispora)

Hawaii IPMS WM Two phase system: fertilization and initial growth of seaweed in 
ditches, periodically were filled with shrimp pond effluents, and 
then moved to floating cages in a lagoon for grow-out.

Relative growth rates of effluent-enriched thalli 
in the cage system ranged from 8.8% to 10.4% 
day-1. Growth of thalli fertilized with inorganic 
fertilizer was 4.6% day-1. Thalli  in the effluent 
ditch had mean growth rates of 4.7% day-1.

Enhanced growth of seaweed and the use 
of effluent from commercial shrimp farms as 
a resource.

Costs involved in maintenance 
(handling, transportation, etc.) not 
considered.

Nelson et al., 2001

P

• Oyster (Pteria, Ostrea nomades)                                             
• Siganid (Siganus canaliculatus, Siganus  
  lineatus)                                                     

Micronesia IPMS Oysters were grown on stringers which were placed in pens 
stocked with rabbit fish 

Siganids observed to eat algae which normally 
creates fouling, and more spat settled on nets 
when fish were present.

Cleaner equipment, decreased demand 
on labourers, greater production of oysters 
as a result of less fouling, and benefits of 
additional commercially viable species in 
rabbit fish. Enhances production, additional 
commercially viable product.

Hasse 1974

P
• Shrimp (Penaeus indicus)                                            
• Milkfish (Chanos chanos)                                           
• Mullet (Valamugil seheli)                                            
• Sillago (Liza macrolepis)

India IPMS Polyculture of four species conducted in earthen ponds and 
coastal net-pens for comparison

Mullet and Sillago showed better growth in 
net-pen, while milkfish showed better growth 
in pond. No difference between fertilized and 
unfertilized ponds in terms of growth. 

Diversification of products. Benefits of 
multiple commercially viable products.

Abstract James et al., 1984

SI

• Shrimp (Penaeus monodon)                                       
• Shrimp (Fenneropenaeus merguiensis)                                          
• Green mussle (Perna viridis)

Thailand WM Stable isotope analysis, treatment ponds with mussels dC value suggesting that shrimp feed was the 
main food source for the mussels

Reduced particle load from biofilteering by 
the mussels.

Growth was not measured and 
no  comparisons was made with 
monoculture outflow (i.e. biofiltering 
efficiency not made). Study just 
showing potential for co-culture. No 
economics considered. 

Yokoyama et al., 2002

P
• Shrimp (Litopenaeus vannamei)         
• Oyster (Crassostrea gigas)                                     
• Black clam (Chione fluctifraga)

Mexico IPMS WT 
WM

Earthen ponds. Monoculture of shrimps compared to polyculture. 
Growth as well as water quality studied. Study period nine month. 
Two oyster densities (10 and 16 m-2), two clam densities (8 and 
10 m-2) and one shrimp density (30 m-2) was investigated.

Total ammonium nitrogen, total suspended 
solids  and chlorophyll-a significantly lower in 
the ponds with the highest combined density 
of molluscs. Increased shrimp growth in 
Polyculture.

Crassostrea gigas showed not to be a good 
prospect for this polyculture (low survival 
(10-16%) due to high temperature). 

No estimation of extra costs involved 
for farming multiple species. 

Martinez-Cordova and 
Martinez-Porchas 2006

P
• Shrimp (Litopenaeus vannamei)         
• Shrimp (Litopenaeus stylirostris)

Mexico IPMS Earthen ponds Litopenaeus vannamei and L. stylirostris exhibit 
some differences in their feeding preferences. 
Litopenaeus stylirostris is probably more 
carnivorous than L. vannamei, which can 
consume plant material quite well.

Lower FCR for polyculture, Higher 
production from increased growth 
(Litopenaeus stylirostris) and higher survival 
(both species). No economic analysis (even 
though data on FCR, growth available)

Martínez-Córdova and Pena-
Messina 2005 

P
• Spotted babylon, (Babylonia areolata)                                                     
• Sea Bass (Lates calcarifer)

Thailand IPMS WM Indoor tanks Average growth, survival, FCR and total 
production of spotted babylon and sea bass 
from polyculture were not significantly different 
from those in monoculture.

Unclear. No obvious benefits. Decreased 
culture area could be one benefit from 
polyculture. No water parameters 
measured. No decreased resource usage.

Chaitanawisuti et al., 2001

P • Tilapia (Oreochromis niloticus)            
• Shrimp (Litopenaeus vannamei) 

Brazil IPMS Tanks 1 m-3. Many different densities of both fish and shrimp 
tested, as well as different sizes fish of (50-200g).  Cultivation 
period 120 days.

L. vannamei can be grown in association with 
tilapia O. niloticus in different combinations and 
receiving only one type of feed).

Polyculture showed upon similar growth 
and survival as monoculture. 

Not evaluated but potential for more 
efficient resource utilisation and 
increased profits from an additional 
crop. Water quality not considered. 

Candido et al., 2005 
(In Spanish- abstract English)

P
• Giant Clams (Tridacna derasa)            
• Trochus (Trochus niloticus)

Solomon Island IPMS Initial rearing of trochus in tanks, then open water cages for 
grow-out together with giant clams. Species produced mainly for 
re-stocking but the system could potential also be used for grow-
out.

Trochus had no deleterious effects on the 
growth and survival of giant clams. Some 
indications of higher growth and survival of the 
giant clams at the highest stocking density of 
trochus. Trochus ineffective at removing larger 
species of algae.

Utilizing an existing culture facility (multiple 
crops). Growth and survival of the giant 
clams were improved at the highest 
stocking density of trochus, but this density 
was not optimal for trochus growth. 

Clarke et al., 2003 
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SI

• Shrimp (Penaeus japonicus)                 
• Oyster, (Saccostrea commercialis)                                    
• Seaweed (Gracilaria edulis)

Australia WM Effluents from commercial shrimp ponds  transferred to 11 indoor 
tanks.  Biofiltration efficiency measured in a three-stage effluent 
treatment system consisting of sedimentation tank, oyster and 
seaweed. Close monitoring of suspended particles and dissolved 
nutrients. 24-48 hours experiments. 

Detailed information regarding potential 
sedimentation and nutrient regeneration rates, 
oyster filtration rates, and nutrient uptake rates. 
Overall, improvements in water quality TSS 
12%; total N 28% ; total P 14% ; NH 76% ; NO 
30%; PO4 35%; bacteria 30% ; and chlorophyll 
a 0.7%. High N content in the small unsettleable 
particles being removed by the oysters.

Showing upon the capacity to filter shrimp 
wastes using oysters and seaweeds. 

Small-scale experiment difficult to 
really extrapolate to commercial 
conditions. Flow rate through the 
different treatment staged of great 
importance. Proper controls without 
biofiltering organisms.

Jones et al., 2001

MI

• Shrimp (Litopenaeus vannamei)         
• Mangroves

Colombia WM Shrimp pond wastes from a 286 ha farmpartially recirculated 
through a 120 ha mangrove. Study conducted over three month 
period. Suspended solids and inorganic nutrients measured.

Phytoplankton and zooplankton density 
decreased passing the mangrove filter. Total 
and organic particulate removal rate in the 
biofilter was about 95% and 93%, respectively. 
Dissolved inorganic nitrogen and phosphorus 
increased (probably due to presence of large 
bird communities in the forest).

 Possible use of mangrove wetlands as 
biofilters for effluent treatment will be less 
predictable than expected. 

No replication or controls. No 
separation of dilution effects and true 
uptake/ transformation. Not known 
how long the biofilter function persists. 
Effects from permanent flooding of the 
mangroves also not known. Effects on 
forest functions  not known. Supply 
water and biofilter exit close?

Gautier et al., 2001

P

• Milkfish (Chanos chanos)                           
• Siganid (Siganus rivulatus)                        
• Seaweed (Eucheuma denticulatum,    
  Kappaphycus alvarzii, Ulva spp.,  
  Gracilaria crassa)    
• Shellfish (Pinctada margaretifira, Anadara  
  antiquata, Isognomon  isognomon)

Tanzania IPMS WM Pond culture of milkfish and rabbit fish and two seaweed species 
(Euchuema spp.). Fish fed artificial feeds. 40000 m-2 large 
reservoir and and  300 m-2 treatment ponds. Study conducted 
over 8 month period.

Water quality deteriorated significantly, with low 
DO and high ammonia levels.  
Poor seaweed growth in ponds but high growth 
in  the channels. 

Potential benefits of multiple commercially 
viable species. Water quality deteriorated 
potentially having an adverse effect 
on growth of cultured species and the 
environment.

Water quality deteriorated suggesting 
that this system may not be 
sustainable.

Mmochi et al., 2002,                                                                              
Mmochi and Mwandya 2003 

SI

• Shrimp (Litopenaeus vannamei)          
• Oyster (Crassostrea rhizophorae)

Brazil IPMS WM Experiments carried out at two commercial shrimp farms. Oysters 
were cultivated on constructed beds after the sluice gate of the 
farm. Oysters harvested after 3 month. 4500 oysters per sluice 
gate (6 gates).

Decreasing Inorganic P and Chlorophyll a. 
No clear effect on dissolved N, some month 
decreasing concentrations in effluents and some 
month increasing. 

Reduction of Chlorophyll and production of 
secondary crop. Potential for co-culture and 
potential for increasing farmers income. 

Sometimes dissolved nitrogen 
increased. Not known if total 
particulate loading was effected as 
this was not studied. Growth was 
measured but no comparison with 
other cultivation methods performed 
and no overall economic analysis was 
carried out. 

Oliviera and Brito 2005

SI

• Shrimp (Penaeus monodon)                   
• Tilapia (Oreochromis niloticus)

Thailand IPMS WT 
WM

Shrimps grown in 5 m-2 concrete tanks with tilapia in cages within 
the tanks. No water exchange and experiment conducted for 60 
days.  Effects from different tilapia stocking densities on shrimp 
growth and water quality evaluated. Economic performance also 
evaluated.

Tilapia lowered dissolved N (but not significant) 
but increased Chlorophyll a. Tilapia regenerating 
N from shrimp wastes. No effect on dissolved 
P from integration. Competition between 
shrimp and tilapia for detritus. Tilapia increased 
economic returns only at lower stocking 
densities of shrimps (5-25 ind. per m3).

Lowering dissolved N. Increasing economic 
return at low stocking densities of shrimps. 
Increasing phytoplankton densities, 
competition for detritus at higher stocking 
rates. 

Yacoob 1994

SI

• Shrimp (Penaeus monodon)                  
• Oyster (Crassostrea belcheri)

Thailand WM Lab. experiments to study oyster feeding. Field experiment where 
shrimp pond water was diverted into small tanks with Oysters. 
Part of the study also to qualitative and quantitative analysis of 
shrimp pond effluents (from 20 farms).

More testing the suitability for using oysters 
fed shrimp waste water (feed quality 
(phytoplankton), optimal water velocities, pre-
settling of waste water). Ammonia-N increased 
by 2.7 %, nitrite 10.1% and nitrate 4.6%.

A hypothetical 1 ha integrated farm could 
by using 5 % area for oyster units remove 
21 % of total suspended solids, 9% of total 
N and 6 % of total P. This removal are 
based on 40% water exchange per day.

Very mechanistic study- difficult to 
extrapolate to commercial scale. 
Anticipated that it should be profitable 
under good management, but no 
economic calculations presented. 
Settling ponds removed more than 
double the amounts removed by 
oysters. 

Tanyaros 2001 

SI

• Shrimp (Penaeus monodon)                   
• Mussel (Perna viridis)

Thailand WM Experiment 1: culture of mussels in drainage canal, testing culture 
methods; Experiment 2: 3 Litres tanks stocked with mussels 
received water from a commercial shrimp pond. Investigating 
filtration and biodeposition.

The experiment failed to say something about 
how efficient mussels can reduce particles in 
shrimp waste water due to logistical problems. 
Also changes in water nutrient concentrations 
could not be conclusive.

Mussels did grow but the growth period 
was to short (due to shrimp diseases) to be 
able to say something about the potential 
growth. They could utilize food in the waste 
water.

Mussels died twice due to salinity 
fluctuation. Problems with epiphytic 
growth on culture trays. Low water 
exchange caused stagnant water in 
canals- leading to low food availability 
and high temperatures. Experiments 
could not show upon effects on water 
quality form mussel filtration (due to 
design).

Buakham 1992 

P
• Shrimp (Penaeus monodon)                    
• Milkfish (Chanos chanos)                                                            
• Siganid (Siganus spp.)                                   

Indonesia IPMS Earthen ponds  (> 1 ha). Testing growth performance and 
water quality under different species  combinations (milkfish 
monoculture, shrimp-milkfish, siganid-shrimp).

Lower production (biomass) in polyculture. 
Integration of shrimps and siganids successful- 
occupying different nisches (shrimp bottom 
feeded, siganids pelagic feeder).

Total production lower in polyculture 
but generating a higher value due to 
shrimp production (compared to milkfish 
monoculture).

Difficult to evaluate as different 
stocking densities and feed inputs 
been used.

Ranoemihardjo 1986

P

• Milkfish (Chanos chanos)                       
• Shrimp (Penaeus monodon)

Thailand IPMS Milkfish and shrimps reared in different combinations for 100 days 
in 500 m-2 earthen ponds.

Negative impact on shrimps from milkfish but a 
positive effect from shrimps on milkfish.

If focus is on milkfish adding shrimps 
could increase fish growth. Water quality 
not changing in polyculture compared to 
monoculture but stocking densities very low 
(max 1 ind. per m2). 

Slow growth of shrimps if reared in 
higher densities due to insufficient 
feed (natural production stimulated by 
fertilisers).

Pudadera and Lim 1982,                  
Pudadera 1980
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SI

• Shrimp (Penaeus japonicus)                 
• Oyster, (Saccostrea commercialis)                                    
• Seaweed (Gracilaria edulis)

Australia WM Effluents from commercial shrimp ponds  transferred to 11 indoor 
tanks.  Biofiltration efficiency measured in a three-stage effluent 
treatment system consisting of sedimentation tank, oyster and 
seaweed. Close monitoring of suspended particles and dissolved 
nutrients. 24-48 hours experiments. 

Detailed information regarding potential 
sedimentation and nutrient regeneration rates, 
oyster filtration rates, and nutrient uptake rates. 
Overall, improvements in water quality TSS 
12%; total N 28% ; total P 14% ; NH 76% ; NO 
30%; PO4 35%; bacteria 30% ; and chlorophyll 
a 0.7%. High N content in the small unsettleable 
particles being removed by the oysters.

Showing upon the capacity to filter shrimp 
wastes using oysters and seaweeds. 

Small-scale experiment difficult to 
really extrapolate to commercial 
conditions. Flow rate through the 
different treatment staged of great 
importance. Proper controls without 
biofiltering organisms.

Jones et al., 2001

MI

• Shrimp (Litopenaeus vannamei)         
• Mangroves

Colombia WM Shrimp pond wastes from a 286 ha farmpartially recirculated 
through a 120 ha mangrove. Study conducted over three month 
period. Suspended solids and inorganic nutrients measured.

Phytoplankton and zooplankton density 
decreased passing the mangrove filter. Total 
and organic particulate removal rate in the 
biofilter was about 95% and 93%, respectively. 
Dissolved inorganic nitrogen and phosphorus 
increased (probably due to presence of large 
bird communities in the forest).

 Possible use of mangrove wetlands as 
biofilters for effluent treatment will be less 
predictable than expected. 

No replication or controls. No 
separation of dilution effects and true 
uptake/ transformation. Not known 
how long the biofilter function persists. 
Effects from permanent flooding of the 
mangroves also not known. Effects on 
forest functions  not known. Supply 
water and biofilter exit close?

Gautier et al., 2001

P

• Milkfish (Chanos chanos)                           
• Siganid (Siganus rivulatus)                        
• Seaweed (Eucheuma denticulatum,    
  Kappaphycus alvarzii, Ulva spp.,  
  Gracilaria crassa)    
• Shellfish (Pinctada margaretifira, Anadara  
  antiquata, Isognomon  isognomon)

Tanzania IPMS WM Pond culture of milkfish and rabbit fish and two seaweed species 
(Euchuema spp.). Fish fed artificial feeds. 40000 m-2 large 
reservoir and and  300 m-2 treatment ponds. Study conducted 
over 8 month period.

Water quality deteriorated significantly, with low 
DO and high ammonia levels.  
Poor seaweed growth in ponds but high growth 
in  the channels. 

Potential benefits of multiple commercially 
viable species. Water quality deteriorated 
potentially having an adverse effect 
on growth of cultured species and the 
environment.

Water quality deteriorated suggesting 
that this system may not be 
sustainable.

Mmochi et al., 2002,                                                                              
Mmochi and Mwandya 2003 

SI

• Shrimp (Litopenaeus vannamei)          
• Oyster (Crassostrea rhizophorae)

Brazil IPMS WM Experiments carried out at two commercial shrimp farms. Oysters 
were cultivated on constructed beds after the sluice gate of the 
farm. Oysters harvested after 3 month. 4500 oysters per sluice 
gate (6 gates).

Decreasing Inorganic P and Chlorophyll a. 
No clear effect on dissolved N, some month 
decreasing concentrations in effluents and some 
month increasing. 

Reduction of Chlorophyll and production of 
secondary crop. Potential for co-culture and 
potential for increasing farmers income. 

Sometimes dissolved nitrogen 
increased. Not known if total 
particulate loading was effected as 
this was not studied. Growth was 
measured but no comparison with 
other cultivation methods performed 
and no overall economic analysis was 
carried out. 

Oliviera and Brito 2005

SI

• Shrimp (Penaeus monodon)                   
• Tilapia (Oreochromis niloticus)

Thailand IPMS WT 
WM

Shrimps grown in 5 m-2 concrete tanks with tilapia in cages within 
the tanks. No water exchange and experiment conducted for 60 
days.  Effects from different tilapia stocking densities on shrimp 
growth and water quality evaluated. Economic performance also 
evaluated.

Tilapia lowered dissolved N (but not significant) 
but increased Chlorophyll a. Tilapia regenerating 
N from shrimp wastes. No effect on dissolved 
P from integration. Competition between 
shrimp and tilapia for detritus. Tilapia increased 
economic returns only at lower stocking 
densities of shrimps (5-25 ind. per m3).

Lowering dissolved N. Increasing economic 
return at low stocking densities of shrimps. 
Increasing phytoplankton densities, 
competition for detritus at higher stocking 
rates. 

Yacoob 1994

SI

• Shrimp (Penaeus monodon)                  
• Oyster (Crassostrea belcheri)

Thailand WM Lab. experiments to study oyster feeding. Field experiment where 
shrimp pond water was diverted into small tanks with Oysters. 
Part of the study also to qualitative and quantitative analysis of 
shrimp pond effluents (from 20 farms).

More testing the suitability for using oysters 
fed shrimp waste water (feed quality 
(phytoplankton), optimal water velocities, pre-
settling of waste water). Ammonia-N increased 
by 2.7 %, nitrite 10.1% and nitrate 4.6%.

A hypothetical 1 ha integrated farm could 
by using 5 % area for oyster units remove 
21 % of total suspended solids, 9% of total 
N and 6 % of total P. This removal are 
based on 40% water exchange per day.

Very mechanistic study- difficult to 
extrapolate to commercial scale. 
Anticipated that it should be profitable 
under good management, but no 
economic calculations presented. 
Settling ponds removed more than 
double the amounts removed by 
oysters. 

Tanyaros 2001 

SI

• Shrimp (Penaeus monodon)                   
• Mussel (Perna viridis)

Thailand WM Experiment 1: culture of mussels in drainage canal, testing culture 
methods; Experiment 2: 3 Litres tanks stocked with mussels 
received water from a commercial shrimp pond. Investigating 
filtration and biodeposition.

The experiment failed to say something about 
how efficient mussels can reduce particles in 
shrimp waste water due to logistical problems. 
Also changes in water nutrient concentrations 
could not be conclusive.

Mussels did grow but the growth period 
was to short (due to shrimp diseases) to be 
able to say something about the potential 
growth. They could utilize food in the waste 
water.

Mussels died twice due to salinity 
fluctuation. Problems with epiphytic 
growth on culture trays. Low water 
exchange caused stagnant water in 
canals- leading to low food availability 
and high temperatures. Experiments 
could not show upon effects on water 
quality form mussel filtration (due to 
design).

Buakham 1992 

P
• Shrimp (Penaeus monodon)                    
• Milkfish (Chanos chanos)                                                            
• Siganid (Siganus spp.)                                   

Indonesia IPMS Earthen ponds  (> 1 ha). Testing growth performance and 
water quality under different species  combinations (milkfish 
monoculture, shrimp-milkfish, siganid-shrimp).

Lower production (biomass) in polyculture. 
Integration of shrimps and siganids successful- 
occupying different nisches (shrimp bottom 
feeded, siganids pelagic feeder).

Total production lower in polyculture 
but generating a higher value due to 
shrimp production (compared to milkfish 
monoculture).

Difficult to evaluate as different 
stocking densities and feed inputs 
been used.

Ranoemihardjo 1986

P

• Milkfish (Chanos chanos)                       
• Shrimp (Penaeus monodon)

Thailand IPMS Milkfish and shrimps reared in different combinations for 100 days 
in 500 m-2 earthen ponds.

Negative impact on shrimps from milkfish but a 
positive effect from shrimps on milkfish.

If focus is on milkfish adding shrimps 
could increase fish growth. Water quality 
not changing in polyculture compared to 
monoculture but stocking densities very low 
(max 1 ind. per m2). 

Slow growth of shrimps if reared in 
higher densities due to insufficient 
feed (natural production stimulated by 
fertilisers).

Pudadera and Lim 1982,                  
Pudadera 1980
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SI
• Shrimp (Penaeus monodon)                       
• Grey mullet (Mugil cephalus)                        
• Siganid (Siganus nebulosus)                      
• Seaweed (Ulva sp.)

Australia WM Earthen ponds (1 ha) and 10 m3 tanks. Inclusion of vertical 
artificial substrates (VAS, AquaMattTM).

Mullet alone not resulting in significant N 
reduction (only 1.8- 2.4%), but contribute to 
control of macroalgal (Ulva) biomass. Mullet 
probably inhibit nitrification but process 
sedimented organic material.

Removal of algae and consumption of 
detritus. No significant effect on N removal 
and possible reduction of nitrification. 
Artificial substrate important for particle 
settlement.

Erler 2000               
Erler 2004

SI

• Milkfish (Chanos chanos)                        
• Siganid (Siganus rivulatus)                   
• Seaweed (Ulva reticulata)   

Tanzania WM Gravity fed earthen ponds. Seaweeds suspended in fishnet cages 
in outflow channels. Low stocking density of fish. Only focus on 
seaweed performance.

Seaweed growth 4% per day under study 
period. TAN removal 65%. Controls without 
seaweeds also removing TAN – efficiently pH 
and oxygen level raised by seaweed.

Growth possible. Nutrients will be removed. 
Increased oxygen and pH

Study covered short period. Not clear 
if nutrient concentrations in outflow 
from fish ponds is representative for 
commercial practice. Special setting 
with gravity fed water to biofilter unit. 
This may not be applicable to most 
farms. The need for area will be 
large in commercial production and 
area in channels will probably not be 
sufficient. Controls without seaweeds 
also removed TAN efficiently. 

Msuya et al., 2006 

SI

• Milkfish (Chanos chanos)                                       
• Siganid (Siganus rivulatus)                               
• Seaweed (Ulva reticulata, Gracilaria  
  crassa, Eucheuma denticulatum,    
  Chaetomorpha crassa)

Tanzania WM Gravity fed earthen ponds. Seaweeds suspended in fishnet cages 
in outflow channels (except Eucheuma that was planted using 
20-mm nylon ropes) . Low stocking density of fish. Only focus on 
seaweed performance.

Poor growth Gracilaria crassa and Ulva 
reticulata (1.5 and 1.2 %) but good quality 
with protein dry weight contents of 13%. 
Eucheuma and Chaetomorpha performed 
poorly in the fishpond effluents. Nutrient uptake 
(nutrient removal) based on nutrient content in 
seaweeds. 
 

Growth possible for three of the investigated 
species. Removal of nutrients. Increased 
oxygen and pH

Study only covered short period. 
Not clear if nutrient concentrations 
in outflow from fish ponds represent 
commercial practice. Study mainly 
showing that the seaweeds can grow 
in present set-up. No. Special setting 
with gravity fed water to biofilter unit. 
This may not be applicable to most 
farms. The need for area will be 
large in commercial production and 
area in channels will probably not be 
sufficient.   

Msuya and Neori 2002. 

P

• Shrimp (Penaeus vannamei)                
• Oyster (Crassostrea virginica)               
• Mullet (Mugil cephalus)                                   
• Tilapia (?)

USA IPMS WM Main focus on water exchange regime in shrimp pond farming. 
No-exchange ponds (600 m2) were occasionally recirculated 
through a 0.1 ha pond containing oysters, mullet, tilapia and bait 
fish. Shrimps  stocked at 38-78 PL per m2. Manure and Urea 
supplemented. Pellet feed used as supplemental feeding for 
shrimps. 

Good survival but somewhat lower in systems 
with no exchange of water compared to 15% 
exchange in monoculture. Trends towards 
higher production in ponds with exchange. 
Higher BOD in re-circ. system. No clear 
difference in dissolved nutrients but generally 
higher TSS in the re-circulation system. No 
significant difference in growth and survival 
rates between the different combinations. 

Good water quality at used stocking 
densities, sufficient DO, extra crops and 
saving cost for water pumping. Water could 
also be reused. Reduction of effluents to 
the environment.

Results not clear and the two 
experiments indicate large variability 
in system performance. Potential 
lower production of shrimps in re-circ. 
system. Higher FCR in re-circ. System. 
Only pumping costs discussed and 
these decrease in re-circ. system. No 
other costs or profits included.

Hopkins et al., 1997

P

• Shrimp (Penaeus monodon)                  
• Milkfish (Chanos chanos)

Philippines IPMS Eight 500 m2 earthen ponds stocked with different combinations 
of fish and shrimps: 20,000 juv. shrimps with 2,000 milkfish 
fingerlings per ha; 20,000 juv. shrimps; 2,000 milkfish fingerlings 
per ha in monoculture. Natural production of food in ponds 
through fertilization. Experiment conducted for 109 days.

No negative interaction between milkfish 
and shrimps. Good growth and survival in all 
treatments. Physio-Chemical Parameters similar 
between mono-polyculture.

Additional crop in polyculture systems with 
kept growth rates for individual species. No 
feed input.

Very low stocking densities (2 ind. 
per m-2) with natural food in pond. 
Thorough economic analysis. Best 
economic return from polyculture. 
Economic feasibility with return on 
investment (ROI) valued at 45 percent 
for polyculture. Large land areas 
needed for increased production. 

Kuntiyo and Baliao 1987

P

• Shrimp (Litopenaeus vannamei)         
• Seaweed (Kappaphycus alvarezii)

Brazil IPMS WM 
HP

Experimental PVC cages (grow-out 100 shrimp per m-2) with 
seaweed fixed in floating tubes and disposed inside. Experiment 
carried out for 103 days.

Floating cages are a viable alternative for 
rearing L. vannamei in open sea water and 
also with co-culture of seaweeds. Annual 
shrimp production 25-30 mt per ha. Rather poor 
seaweed growth (0.8-1.3% day-1).

Multiple crops, nutrient reduction. Positive 
aspects from shrimps using algae as 
shelters and production of natural food 
need to be further investigated. Nutrient 
removal. Farming shrimps in open water 
reduce pressure on coastal land.

There were no negative interferences 
in culturing shrimps and algae inside 
the same cage. Cages seem to limit 
growth compared to rope cultures. 
Only profitable on small commercial 
scale. NO monoculture of seaweeds 
investigated. Why not seaweeds on 
surface?

Lombardi et al., 2006,  
Lombardi et al., 2001 
 

SI

• Shrimp (Penaeus japonicus)                                      
• Oyster (Saccostrea commercialis)                                            
• Gracilaria edulis

Australia IPMS WM Effluents from earthen shrimp ponds (6x1 ha) pumped into 
15x34L oyster tanks (oysters on trays). Three different oyster 
densities: 24, 16 and 8 per tank. Controls with dead oysters 
included in the study.

Most effective oyster filtration (24 oyster 
treatment) could reduce concentration of TSS 
(49%), TN (80%), TP (67%), Chl. a (8%), 
bacteria (58%) in incoming water. 

Reduction of particles, phytoplankton and 
total nutrients in effluent waters A 20% 
water exchange in a 1ha shrimp pond 
would need 0.12 ha oyster tanks (120000 
oysters, 24 oysters per tank). 

Not separating dissolved and 
particulate nutrients (possible build-up 
of NH4). Experiment short and limited 
period of the year.

Jones and Preston 1999
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SI
• Shrimp (Penaeus monodon)                       
• Grey mullet (Mugil cephalus)                        
• Siganid (Siganus nebulosus)                      
• Seaweed (Ulva sp.)

Australia WM Earthen ponds (1 ha) and 10 m3 tanks. Inclusion of vertical 
artificial substrates (VAS, AquaMattTM).

Mullet alone not resulting in significant N 
reduction (only 1.8- 2.4%), but contribute to 
control of macroalgal (Ulva) biomass. Mullet 
probably inhibit nitrification but process 
sedimented organic material.

Removal of algae and consumption of 
detritus. No significant effect on N removal 
and possible reduction of nitrification. 
Artificial substrate important for particle 
settlement.

Erler 2000               
Erler 2004

SI

• Milkfish (Chanos chanos)                        
• Siganid (Siganus rivulatus)                   
• Seaweed (Ulva reticulata)   

Tanzania WM Gravity fed earthen ponds. Seaweeds suspended in fishnet cages 
in outflow channels. Low stocking density of fish. Only focus on 
seaweed performance.

Seaweed growth 4% per day under study 
period. TAN removal 65%. Controls without 
seaweeds also removing TAN – efficiently pH 
and oxygen level raised by seaweed.

Growth possible. Nutrients will be removed. 
Increased oxygen and pH

Study covered short period. Not clear 
if nutrient concentrations in outflow 
from fish ponds is representative for 
commercial practice. Special setting 
with gravity fed water to biofilter unit. 
This may not be applicable to most 
farms. The need for area will be 
large in commercial production and 
area in channels will probably not be 
sufficient. Controls without seaweeds 
also removed TAN efficiently. 

Msuya et al., 2006 

SI

• Milkfish (Chanos chanos)                                       
• Siganid (Siganus rivulatus)                               
• Seaweed (Ulva reticulata, Gracilaria  
  crassa, Eucheuma denticulatum,    
  Chaetomorpha crassa)

Tanzania WM Gravity fed earthen ponds. Seaweeds suspended in fishnet cages 
in outflow channels (except Eucheuma that was planted using 
20-mm nylon ropes) . Low stocking density of fish. Only focus on 
seaweed performance.

Poor growth Gracilaria crassa and Ulva 
reticulata (1.5 and 1.2 %) but good quality 
with protein dry weight contents of 13%. 
Eucheuma and Chaetomorpha performed 
poorly in the fishpond effluents. Nutrient uptake 
(nutrient removal) based on nutrient content in 
seaweeds. 
 

Growth possible for three of the investigated 
species. Removal of nutrients. Increased 
oxygen and pH

Study only covered short period. 
Not clear if nutrient concentrations 
in outflow from fish ponds represent 
commercial practice. Study mainly 
showing that the seaweeds can grow 
in present set-up. No. Special setting 
with gravity fed water to biofilter unit. 
This may not be applicable to most 
farms. The need for area will be 
large in commercial production and 
area in channels will probably not be 
sufficient.   

Msuya and Neori 2002. 

P

• Shrimp (Penaeus vannamei)                
• Oyster (Crassostrea virginica)               
• Mullet (Mugil cephalus)                                   
• Tilapia (?)

USA IPMS WM Main focus on water exchange regime in shrimp pond farming. 
No-exchange ponds (600 m2) were occasionally recirculated 
through a 0.1 ha pond containing oysters, mullet, tilapia and bait 
fish. Shrimps  stocked at 38-78 PL per m2. Manure and Urea 
supplemented. Pellet feed used as supplemental feeding for 
shrimps. 

Good survival but somewhat lower in systems 
with no exchange of water compared to 15% 
exchange in monoculture. Trends towards 
higher production in ponds with exchange. 
Higher BOD in re-circ. system. No clear 
difference in dissolved nutrients but generally 
higher TSS in the re-circulation system. No 
significant difference in growth and survival 
rates between the different combinations. 

Good water quality at used stocking 
densities, sufficient DO, extra crops and 
saving cost for water pumping. Water could 
also be reused. Reduction of effluents to 
the environment.

Results not clear and the two 
experiments indicate large variability 
in system performance. Potential 
lower production of shrimps in re-circ. 
system. Higher FCR in re-circ. System. 
Only pumping costs discussed and 
these decrease in re-circ. system. No 
other costs or profits included.

Hopkins et al., 1997

P

• Shrimp (Penaeus monodon)                  
• Milkfish (Chanos chanos)

Philippines IPMS Eight 500 m2 earthen ponds stocked with different combinations 
of fish and shrimps: 20,000 juv. shrimps with 2,000 milkfish 
fingerlings per ha; 20,000 juv. shrimps; 2,000 milkfish fingerlings 
per ha in monoculture. Natural production of food in ponds 
through fertilization. Experiment conducted for 109 days.

No negative interaction between milkfish 
and shrimps. Good growth and survival in all 
treatments. Physio-Chemical Parameters similar 
between mono-polyculture.

Additional crop in polyculture systems with 
kept growth rates for individual species. No 
feed input.

Very low stocking densities (2 ind. 
per m-2) with natural food in pond. 
Thorough economic analysis. Best 
economic return from polyculture. 
Economic feasibility with return on 
investment (ROI) valued at 45 percent 
for polyculture. Large land areas 
needed for increased production. 

Kuntiyo and Baliao 1987

P

• Shrimp (Litopenaeus vannamei)         
• Seaweed (Kappaphycus alvarezii)

Brazil IPMS WM 
HP

Experimental PVC cages (grow-out 100 shrimp per m-2) with 
seaweed fixed in floating tubes and disposed inside. Experiment 
carried out for 103 days.

Floating cages are a viable alternative for 
rearing L. vannamei in open sea water and 
also with co-culture of seaweeds. Annual 
shrimp production 25-30 mt per ha. Rather poor 
seaweed growth (0.8-1.3% day-1).

Multiple crops, nutrient reduction. Positive 
aspects from shrimps using algae as 
shelters and production of natural food 
need to be further investigated. Nutrient 
removal. Farming shrimps in open water 
reduce pressure on coastal land.

There were no negative interferences 
in culturing shrimps and algae inside 
the same cage. Cages seem to limit 
growth compared to rope cultures. 
Only profitable on small commercial 
scale. NO monoculture of seaweeds 
investigated. Why not seaweeds on 
surface?

Lombardi et al., 2006,  
Lombardi et al., 2001 
 

SI

• Shrimp (Penaeus japonicus)                                      
• Oyster (Saccostrea commercialis)                                            
• Gracilaria edulis

Australia IPMS WM Effluents from earthen shrimp ponds (6x1 ha) pumped into 
15x34L oyster tanks (oysters on trays). Three different oyster 
densities: 24, 16 and 8 per tank. Controls with dead oysters 
included in the study.

Most effective oyster filtration (24 oyster 
treatment) could reduce concentration of TSS 
(49%), TN (80%), TP (67%), Chl. a (8%), 
bacteria (58%) in incoming water. 

Reduction of particles, phytoplankton and 
total nutrients in effluent waters A 20% 
water exchange in a 1ha shrimp pond 
would need 0.12 ha oyster tanks (120000 
oysters, 24 oysters per tank). 

Not separating dissolved and 
particulate nutrients (possible build-up 
of NH4). Experiment short and limited 
period of the year.

Jones and Preston 1999
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SI

• Shrimp (Penaeus japonicus)                   
• Oyster (Saccostrea commercialis)                                   
• Gracilaria edulis 

Australia IPMS WM Earthen shrimp ponds (1 ha), 1500 L concrete raceways , flow-
through and re-circulation experiments.

Different oyster densities tested. Oyster 
filtration reduced concentration of TSS (29%), 
TN (66%), TP (56%), Chl. a (39%), bacteria 
(35%) of the initial concentration. Seaweeds 
of low quality in high density oyster treatment 
and in high particulate concentration. Settling 
ponds important for reducing TSS before oyster 
filtration.

Oyster survival sensitive to both oyster and 
seaweed densities, as well as particulate 
loading. Reduction of wastes from shrimp 
ponds by the tested approach feasible. 

Jones et al., 2002

P
• Shrimp (Penaeus monodon)                   
• Sandfish (Holothuria scabra)

Viet Nam WM Earthen ponds (1.2 ha + 0.45 ha). Polyculture, 30 PL shrimps 
per m2, and 50 and 100 g sandfish m-2. Shrimp receiving artificial 
feeds.

Polyculture had lower conc. of bacteria H2S, N02 
and total organic compounds. Also sediment in 
polyculture had lower content of organic matter. 
Growth rate of shrimps  increased in polyculture 
with sandfish.

Seems possible to culture shrimp and 
sandfish in polyculture or shrimp followed 
by sandfish. Increased quality of pond 
environment in polyculture, as well as 
increased growth of shrimps.

Ngoc 2006 

SI
• Shrimp (Penaeus monodon)                    
• Gracilaria (Gracilaria fisheri, G. Tenuistipitata)

Thailand IPMS Earthen ponds (800 m-2) stocked with seaweeds receiving waste 
water from extensive shrimp ponds. 

Growth 37-40 % better in ponds receiving 
shrimp waste water. Growth rates between  
2.6-3.1%. 

G. fisheri could be grown all around the 
year, but G. Tenuistipitata only possible 
6-7 month of the year (due to too high 
temperatures and low salinity). 

Growth rates low compared to other 
cultures of gracilaria. Interfering 
epiphytic seaweeds making the 
cultured seaweeds float to the surface.

Chirapart and Lewmanomont 
2004

SI

• Shrimp (Penaeus monodon)                      
• Cockle (Scapharca inaequivalvis)                                   
• Gracilaria (Gracilaria sp.)

Malaysia IPMS WM Shrimp pond wastes (5.5 m3 per day) pumped into earthen ponds: 
one (30 m-2) stocked with cockles and one (18 m-2) stocked with 
seaweeds. System running for one month.

An average reduction of 83% of 
phosphate; 61% in total phosphorus; 81% in 
ammonium; 19% in nitrite; and 72% in total 
nitrogen. Gracilaria out competed by green 
algae (Enteromorpha sp.).

Cockles could probably be exchanged by 
oysters that could be stocked in existing 
channels system at the farm. Seaweeds 
could be controlled by chemicals. 

Short study. No controls identifying 
effects from the ponds themselves.

Enander and Hasselstrom 
1994

P 

• Shrimp (Penaeus chinensis)                                                    
• Tilapia (Oreochromis mossambicus x  
  O. Niloticus)  

China IPMS Net enclosures (5.0 x 5.0 x 1.8 m) with fish in a closed 1.7 ha 
seawater pond. Fish also stocked outside the cages. Stocking: 
4.5- 7.5 shrimp and 0-0.32 fish per m2. Fertilizers and pellet feeds 
added.. 

Production of shrimps at 6 ind per m-2 was 
514 kg per ha-1. Optimum stocking density 
of shrimp and tilapia was 60,000 shrimp and 
400 kg tilapia per ha.

Growth rate and survival of shrimp 
increased with increasing stocking density 
of tilapia. Tilapia maintained optimal and 
constant biomass of phytoplankton. Tilapia 
enhances water movement and nutrient 
cycling.

Tilapia competed with the shrimp for 
food if not separated in cages (or  
feeding grounds for shrimp surrounded 
by a net).  

Wang et al., 1998

P
• Shrimp (Penaeus monodon)                     
• Milkfish (Chanos chanos)                         
• Seaweed (Gracilaria lichenoides)

Indonesia IPMS Earthen ponds (0.1 ha) . Different stocking combinations 
investigated. Three planting methods for seaweeds investigated.

Focus on addition of seaweeds to existing 
Tambaks. Seaweeds attached to bamboo 
screens resulted in best growth (ca 3% daily 
growth rate). Calculating with 25% seaweed 
cover in ponds result in 3000 Kg per ha per 
year.

Good seaweed growth when cultured with 
shrimps or fish. Seaweed growth decreased 
when cultured with both species. Decreased 
growth of shrimps when cultured with fish, 
and vice versa.

No control present and therefore 
difficult to say anything about the 
effects from the animals. 

Sutika et al., 1990

P

• Shrimp (Penaeus monodon)                  
• Tilapia (Oreochromis niloticus)

Philippines IPMS Monoculture was compared with polyculture two times during 
a year. Production 81-138 kg per ha for shrimps, Stocking 0.6 
shrimps per m2 (final weight 26-30 g per ind.), 0.4-0.6 fish per m-2

Higher growth of both shrimps and fish in 
combination 0.4 fish per m-2 compared to 
monoculture treatments. 

Detailed economic analysis (in Samonte 
et al.). Two crops per year provided a 
70% return on investment and a 1.2 years 
payback. This was higher return compared 
to monoculture using same densities . 

Using data from Gonzales-Corre 
1988 to perform a detailed economic 
analysis.

Gonzales-Corre 1988, 
Samonte et al., 1991 

MI

• Mud crab (Scylla serrata)                                 
• Mangrove (reforested) 

Philippines IPMS HP Crabs held in 200 m2 pens and effects of stocking density (0.5 or 
1.5 m-2) and feed (fish or mixture fish/mussel) was tested for 160 
days.

Growth was not significantly affected by stocking 
density or feed types.

The integration of crab aquaculture within 
natural mangroves is  feasible, providing 
both immediate and long-term commercial 
and environmental benefits. Return on 
capital investment of 49–68%.

Not showing how mangroves are 
effected by this kind of culture.

Trino and Rodriguez 2002

P
• Shrimp (P. Monodon,  
  P. Japonicus, P. merguensis)                                                       
• Tilapia (Tilapia Mossambicia)               
• Milkfish (Chanos chanos)                           
• Sidanid (Siganus vermiculatus)

Indonesia IPMS Sea water in earth fishponds ( 2000 m2) on reclaimed mangrove 
areas. Chicken manure, brewery waste and sugar mill wastes 
used as inputs. 

Shrimp performance was compared and 
P. monodon had highest survival and growth 
rate. The other shrimp species could possibly  
survive better in more sandy soils. 

Polyculture of P. monodon and fish 
possible.

Performance and interaction with fish 
difficult to access as different stocking 
rates was used and no controls. 

Gundermann and Popper 1977 

P
• Sea bream (Acanthopagus  cuvieri)                                                   
• Tilapia (Oreochromis spilurs)

Kuwait IPMS Different sea bream densities (3, 6, 9 ind. per m2) stocked in 
twelve 1 m3 floating cages with tilapia (200 ind. per m2)  to 
decrease competition over feeds with wild fish. Experiment was 
conducted over eight weeks.

No effect on tilapia production. Placing sea 
bream monoculture cages close to tilapia cages 
could potentially minimize interaction from wild 
fish.

No benefits that not could be obtained from 
placing sea bream cages in the vicinity from 
tilapia cages (no need to be inside). 

Thorough economic calculation. 
Potentially can sea bream feed being 
utilized by  tilapia.

Ridha and Cruz 1992

P
• Shrimp (Litopenaeus vannamei, juveniles)                                                        
• Tilapia (Oreochromis niloticus, juveniles)

Thailand IPMS WT 
WM

Different densities of fish and shrimps in same outdoor tank 
(2×2.5×1.1 m3). Shrimps stocked at 40 ind. per m-2 and tilapia:  
0, 0.4, 1, 2, 3 fish per m2. Shrimps fed pellets. 

Tilapia stocking significantly improved P 
conversion rate but the N conversion and 
shrimp growth rates decreased with high tilapia 
stocking. Net income was not significantly 
different between mono and polyculture.

Integrated system with a low tilapia–shrimp 
ratio (the ratio of 0.01 and 0.025) were 
effective to improve the nutrient conversion 
rate to culture animals without lowering 
shrimp growth.

Muangkeow et al., (in press)

P
• Shrimp (Penaeus monodon)                    
• Tilapia (Oreochromis niloticus)

Thailand IPMS WT Fish and shrimps stocked in same outdoor brackishwater tanks 
(fish: 30 ind. m-2, shrimp PL 50 m-3)  (also using AquaMats). 
Shrimp was fed pellet feeds.

Tilapia increased shrimp survival but decreased 
growth.

Potential improved water quality in 
co-culture with tilapia but decreased shrimp 
growth. Questionable if fish production can 
compensate for lower shrimp yields

Ngo 2000 
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SI

• Shrimp (Penaeus japonicus)                   
• Oyster (Saccostrea commercialis)                                   
• Gracilaria edulis 

Australia IPMS WM Earthen shrimp ponds (1 ha), 1500 L concrete raceways , flow-
through and re-circulation experiments.

Different oyster densities tested. Oyster 
filtration reduced concentration of TSS (29%), 
TN (66%), TP (56%), Chl. a (39%), bacteria 
(35%) of the initial concentration. Seaweeds 
of low quality in high density oyster treatment 
and in high particulate concentration. Settling 
ponds important for reducing TSS before oyster 
filtration.

Oyster survival sensitive to both oyster and 
seaweed densities, as well as particulate 
loading. Reduction of wastes from shrimp 
ponds by the tested approach feasible. 

Jones et al., 2002

P
• Shrimp (Penaeus monodon)                   
• Sandfish (Holothuria scabra)

Viet Nam WM Earthen ponds (1.2 ha + 0.45 ha). Polyculture, 30 PL shrimps 
per m2, and 50 and 100 g sandfish m-2. Shrimp receiving artificial 
feeds.

Polyculture had lower conc. of bacteria H2S, N02 
and total organic compounds. Also sediment in 
polyculture had lower content of organic matter. 
Growth rate of shrimps  increased in polyculture 
with sandfish.

Seems possible to culture shrimp and 
sandfish in polyculture or shrimp followed 
by sandfish. Increased quality of pond 
environment in polyculture, as well as 
increased growth of shrimps.

Ngoc 2006 

SI
• Shrimp (Penaeus monodon)                    
• Gracilaria (Gracilaria fisheri, G. Tenuistipitata)

Thailand IPMS Earthen ponds (800 m-2) stocked with seaweeds receiving waste 
water from extensive shrimp ponds. 

Growth 37-40 % better in ponds receiving 
shrimp waste water. Growth rates between  
2.6-3.1%. 

G. fisheri could be grown all around the 
year, but G. Tenuistipitata only possible 
6-7 month of the year (due to too high 
temperatures and low salinity). 

Growth rates low compared to other 
cultures of gracilaria. Interfering 
epiphytic seaweeds making the 
cultured seaweeds float to the surface.

Chirapart and Lewmanomont 
2004

SI

• Shrimp (Penaeus monodon)                      
• Cockle (Scapharca inaequivalvis)                                   
• Gracilaria (Gracilaria sp.)

Malaysia IPMS WM Shrimp pond wastes (5.5 m3 per day) pumped into earthen ponds: 
one (30 m-2) stocked with cockles and one (18 m-2) stocked with 
seaweeds. System running for one month.

An average reduction of 83% of 
phosphate; 61% in total phosphorus; 81% in 
ammonium; 19% in nitrite; and 72% in total 
nitrogen. Gracilaria out competed by green 
algae (Enteromorpha sp.).

Cockles could probably be exchanged by 
oysters that could be stocked in existing 
channels system at the farm. Seaweeds 
could be controlled by chemicals. 

Short study. No controls identifying 
effects from the ponds themselves.

Enander and Hasselstrom 
1994

P 

• Shrimp (Penaeus chinensis)                                                    
• Tilapia (Oreochromis mossambicus x  
  O. Niloticus)  

China IPMS Net enclosures (5.0 x 5.0 x 1.8 m) with fish in a closed 1.7 ha 
seawater pond. Fish also stocked outside the cages. Stocking: 
4.5- 7.5 shrimp and 0-0.32 fish per m2. Fertilizers and pellet feeds 
added.. 

Production of shrimps at 6 ind per m-2 was 
514 kg per ha-1. Optimum stocking density 
of shrimp and tilapia was 60,000 shrimp and 
400 kg tilapia per ha.

Growth rate and survival of shrimp 
increased with increasing stocking density 
of tilapia. Tilapia maintained optimal and 
constant biomass of phytoplankton. Tilapia 
enhances water movement and nutrient 
cycling.

Tilapia competed with the shrimp for 
food if not separated in cages (or  
feeding grounds for shrimp surrounded 
by a net).  

Wang et al., 1998

P
• Shrimp (Penaeus monodon)                     
• Milkfish (Chanos chanos)                         
• Seaweed (Gracilaria lichenoides)

Indonesia IPMS Earthen ponds (0.1 ha) . Different stocking combinations 
investigated. Three planting methods for seaweeds investigated.

Focus on addition of seaweeds to existing 
Tambaks. Seaweeds attached to bamboo 
screens resulted in best growth (ca 3% daily 
growth rate). Calculating with 25% seaweed 
cover in ponds result in 3000 Kg per ha per 
year.

Good seaweed growth when cultured with 
shrimps or fish. Seaweed growth decreased 
when cultured with both species. Decreased 
growth of shrimps when cultured with fish, 
and vice versa.

No control present and therefore 
difficult to say anything about the 
effects from the animals. 

Sutika et al., 1990

P

• Shrimp (Penaeus monodon)                  
• Tilapia (Oreochromis niloticus)

Philippines IPMS Monoculture was compared with polyculture two times during 
a year. Production 81-138 kg per ha for shrimps, Stocking 0.6 
shrimps per m2 (final weight 26-30 g per ind.), 0.4-0.6 fish per m-2

Higher growth of both shrimps and fish in 
combination 0.4 fish per m-2 compared to 
monoculture treatments. 

Detailed economic analysis (in Samonte 
et al.). Two crops per year provided a 
70% return on investment and a 1.2 years 
payback. This was higher return compared 
to monoculture using same densities . 

Using data from Gonzales-Corre 
1988 to perform a detailed economic 
analysis.

Gonzales-Corre 1988, 
Samonte et al., 1991 

MI

• Mud crab (Scylla serrata)                                 
• Mangrove (reforested) 

Philippines IPMS HP Crabs held in 200 m2 pens and effects of stocking density (0.5 or 
1.5 m-2) and feed (fish or mixture fish/mussel) was tested for 160 
days.

Growth was not significantly affected by stocking 
density or feed types.

The integration of crab aquaculture within 
natural mangroves is  feasible, providing 
both immediate and long-term commercial 
and environmental benefits. Return on 
capital investment of 49–68%.

Not showing how mangroves are 
effected by this kind of culture.

Trino and Rodriguez 2002

P
• Shrimp (P. Monodon,  
  P. Japonicus, P. merguensis)                                                       
• Tilapia (Tilapia Mossambicia)               
• Milkfish (Chanos chanos)                           
• Sidanid (Siganus vermiculatus)

Indonesia IPMS Sea water in earth fishponds ( 2000 m2) on reclaimed mangrove 
areas. Chicken manure, brewery waste and sugar mill wastes 
used as inputs. 

Shrimp performance was compared and 
P. monodon had highest survival and growth 
rate. The other shrimp species could possibly  
survive better in more sandy soils. 

Polyculture of P. monodon and fish 
possible.

Performance and interaction with fish 
difficult to access as different stocking 
rates was used and no controls. 

Gundermann and Popper 1977 

P
• Sea bream (Acanthopagus  cuvieri)                                                   
• Tilapia (Oreochromis spilurs)

Kuwait IPMS Different sea bream densities (3, 6, 9 ind. per m2) stocked in 
twelve 1 m3 floating cages with tilapia (200 ind. per m2)  to 
decrease competition over feeds with wild fish. Experiment was 
conducted over eight weeks.

No effect on tilapia production. Placing sea 
bream monoculture cages close to tilapia cages 
could potentially minimize interaction from wild 
fish.

No benefits that not could be obtained from 
placing sea bream cages in the vicinity from 
tilapia cages (no need to be inside). 

Thorough economic calculation. 
Potentially can sea bream feed being 
utilized by  tilapia.

Ridha and Cruz 1992

P
• Shrimp (Litopenaeus vannamei, juveniles)                                                        
• Tilapia (Oreochromis niloticus, juveniles)

Thailand IPMS WT 
WM

Different densities of fish and shrimps in same outdoor tank 
(2×2.5×1.1 m3). Shrimps stocked at 40 ind. per m-2 and tilapia:  
0, 0.4, 1, 2, 3 fish per m2. Shrimps fed pellets. 

Tilapia stocking significantly improved P 
conversion rate but the N conversion and 
shrimp growth rates decreased with high tilapia 
stocking. Net income was not significantly 
different between mono and polyculture.

Integrated system with a low tilapia–shrimp 
ratio (the ratio of 0.01 and 0.025) were 
effective to improve the nutrient conversion 
rate to culture animals without lowering 
shrimp growth.

Muangkeow et al., (in press)

P
• Shrimp (Penaeus monodon)                    
• Tilapia (Oreochromis niloticus)

Thailand IPMS WT Fish and shrimps stocked in same outdoor brackishwater tanks 
(fish: 30 ind. m-2, shrimp PL 50 m-3)  (also using AquaMats). 
Shrimp was fed pellet feeds.

Tilapia increased shrimp survival but decreased 
growth.

Potential improved water quality in 
co-culture with tilapia but decreased shrimp 
growth. Questionable if fish production can 
compensate for lower shrimp yields

Ngo 2000 
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SI

• Shrimp (Penaeus monodon)                  
• Mussel (Mytilus sp.)                                       
• Seaweed (Gracilaria fisheri)

Thailand WT Indoor 200 L tanks stocked with different combinations of species. 
Experiments conducted over 12-48 hours. 

Ammonia-nitrogen decreased 67% in seaweed 
treatment, but increased in mussel and mussel/
seaweed with over 600%. between 8-54% 
in all treatments during 48 hours. Treatment 
had no significant effect on suspended solids. 
Chlorophyll a and BOD+COD decreased (20-
100%) in all treatments (P<0.05) during 48 
hours.

Variable results depending on duration of 
incubation.

Small scale and short term 
experiments (indoor) which makes 
it difficult to extrapolate to outdoor 
conditions. Large variation within 
treatments.

Chaiyakam and Tunvilai 1992, 
Chaiyakam and Tunvilai 1989,        
DOF 1992

P
• Mudcrab (Scylla serrata)                           
• Milkfish (Chanos chanos)   

Philippines IPMS Different stocking densities of milkfish and crabs was tested in 
polyculture in three 0.1 ha earthen ponds (subdivided by bamboo 
screens). Culture period 130 days.

Net production of crabs was higher in 
polyculture at both stocking densities (5 and 
10 000 per ha). For milkfish the opposite was 
observed.

Fish may 1) increase food availability for the 
crabs, and 2) their presence may reduce 
movement of crabs and thereby minimizing 
interactions between crabs. . 

FCR given but no information about 
feeding.

Lijauco et al., 1980

SI

• Shrimp (Penaeus vannamei)                   
• Oyster (Crassostrea virginica)                      
• Clams (Mercenaria mercenaria)

USA IPMS Shrimp and biofilter ponds 0.1 ha in re-circulation. Treatment 
pond with oysters on trays or directly on pond bottom, and clams 
directly on bottom. Shrimps stocked at 60 ind. per m-2.

Growth and survival of shrimps not effected 
by bivalves. Good growth of bivalves with 
the exception during the warmer period. High 
mortality of clams only immediately after 
stocking. Oyster survival high only for oysters 
in trays.

Only ammonia-N decreased (30%) in 
polyculture ponds. Not possible to grow 
oysters directly on bottom. Fairly high 
infestation of oyster shell mud blister 
(caused by Polydora sp.).

No costs or profits included. 
Mentioning of low investment costs for 
co-culture but potentially higher costs 
for handling. Difficult to explain the 
decrease in ammonia-N and that only 
minor differences was found in particle 
conc.

Hopkins et al., 1993

P

• Shrimp (Penaeus monodon)                   
• Milkfish (Chanos chanos)                 

Philippines IPMS Earthen ponds, 500m-2, three different stocking combinations; 
monoculture milkfish, low (4000 ind. per ha) and high (8000 ind. 
per ha) shrimp polyculture. Only fertilizers used as input.

Highest combined milkfish and shrimp 
production in high shrimp density treatment. 
Shrimps had a positive effect on milkfish 
production. Mean survival rate ranged from 
90 to 96% for milkfish and was about 50% 
for shrimps; it did not differ significantly with 
treatment. 

Extensive system reaching max. 380 kg 
milkfish and 116 kg shrimp per ha per 
4 month culture period. 

Eldani and Primavera 1981

SI

• Shrimp (Penaeus vannamei)                   
• Oyster (Crassostrea virginica)      

Thailand IPMS Two flow through  tanks (310 L) receiving waste water from 
commercial semi-intensive shrimp ponds. Oysters stocked on  
trays and pond water flowed downward through each of two 
seven tray stacks. Experiment lasted for 268 days. 

Mean oyster growth rate was 2 g week-1 (up 
to 3.7 g wk-1 in upper layer certain period) and 
survival was 79%. It was concluded that the 
prospects for shrimp and bivalve co-culture 
appear promising.

Jakob et al., 1993,  
Wang et al., 1990  

SI

• Shrimp (Litopenaeus vannamei)               
• Constricted tagelus (Sinonovacula constricta)

China IPMS WM Two systems containing six shrimp ponds (tot area 0.93-1.3 ha), 
one mollusc pond (0.67-1.20 ha)  and a a reservoir was run in 
recirculation mode. Culture period 81–106 d-1 for shrimps, and 
240–350 d-1 for tagelus. Shrimps stocked at 128-135 ind. per 
m2. Natural foods in the water from the shrimp ponds used for 
tagelus, being stimulated by adding fertilisers . Daily circulation 
rate was 10%–20% of the total water volume of the system 
(excluding reservoir volume) in early stage, 20%–30% in middle 
stage, and 40% in late stage. System also included artificial 
biofilm. 

Tagelus pond decreased the concentrations of 
suspended matters and PO4-P, and also COD 
and inorganic nitrogen to certain extent. TAN 
reduced by 19-64% and suspended solids by 
45-90%.

The water quality in the ponds was 
maintained at a desirable level and no viral 
epidemics were discovered. Income from 
mollusc culture accounted for 22.1% of the 
systems total, the profit accounts for 52.6% 
of the total.

Probiotics  (mostly nitrifiers) and 
fertilizers applied in tagelus ponds. 
Low profits from shrimps due to late 
stocking (small sizes). No controls 
used to isolate the filter feeding effects 
from pond effect (sedimentation etc.).

Wu et al., 2005

P
SI

• Shrimp (Penaeus monodon)                   
• Seaweed (Gracilaria changii)   

Malaysia IPMS WM Gracilaria  was cultured on i m2 frames on lines, at 15 cm interval 
from the surface. The frames were placed in the middle of a 
shrimp pond and also in irrigation canal. A third treatment was 
seaweeds placed in ponds in the mangroves. Growth was studied 
during 12 weeks and repeated 3 times. 

Seaweed growth rate was three times higher in 
the irrigation canal compared to the shrimp pond 
and the natural mangrove (8.4, 3.6 and 3.3%, 
respectively). The seaweed cultivated inside 
the shrimp pond were heavily epiphytised and 
grazed upon (by fish). Seaweed growth best at 
the surface.

Seaweed growth was limited by epiphytes 
and high water turbidity. This could to some 
extent probably be solved through better 
placing in the pond , i.e. towards the edge 
of the pond. No quality measurement (i.e. 
Agar) was done on seaweeds cultured in 
the shrimp pond or in irrigation canal. 

Phang et al., 1996

SI

• Shrimp (Penaeus monodon)                     
• Mangrove (Rhizophora mucronata) 

Indonesia WT Mangroves in a natural “reservoir pond” receiving shrimp pond 
effluents from 12 2500 m” earthen ponds. Artificial pellets, 
stocking rate 40 per m2.

Water nutrient concentrations were lower in 
the mangrove reservoir pond but e.g. NH4 
followed the slowly build-up experienced 
in the shrimp ponds. Tank experiment with 
mangroves showed upon large uptake capacity 
of mangroves (70% of NO3, NH4).

Difficult to say anything about nutrient 
removal efficiency as no controls were used 
in pond experiment, and no details were 
given about the tank experiments. Only 7 
week experiment.

Ahmad et al., 2003

P

• Sea bass (Lates calcarifer)                       
• Seaweed (Gracilariopsis heteroclada) 

Philippines IPMS WT Seaweeds on ropes suspended at different depth in Sea bass 
(fingerlings) cages. Empty fish cages used as controls. Polycultue 
with fish mainly as biological control (predation on herbivorous 
fish).

Specific growth rate of seaweeds significantly 
influenced by the fish. Probability from predation 
of small herbivore fish. Best growth at 25 cm 
depth. Approx. 172 g (dry) m-2 month-1 was 
produced.

Presence of fish not increasing seaweed 
growth all month (not in April when 
seaweed growth was highest). 

Not studied how fish growth is 
being impacted by the presence of 
seaweeds.

Hurtado-Ponce 1992c

P

• Grouper (Epinephelus sp.)                            
• Seaweed (Kappaphycus alvarezii) 

Philippines IPMS WT Seaweeds on ropes suspended at different depth in Grouper 
(juveniles) cages. Empty fish cages used as controls. Polycultue 
with fish mainly as biological control (predation on herbivorous 
fish). Different culturing techniques of seaweeds were tested.

Better growth using horizontal technique 
(ca. 5%). 

Illustrates the potential to co-culture the 
seaweed with groupers in cages.

No comparison was made with cages 
without fish. The potential positive 
effect from either increased nutrients 
or prevention of grazing could 
therefore not be studied.

Hurtado-Ponce 1992b
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SI

• Shrimp (Penaeus monodon)                  
• Mussel (Mytilus sp.)                                       
• Seaweed (Gracilaria fisheri)

Thailand WT Indoor 200 L tanks stocked with different combinations of species. 
Experiments conducted over 12-48 hours. 

Ammonia-nitrogen decreased 67% in seaweed 
treatment, but increased in mussel and mussel/
seaweed with over 600%. between 8-54% 
in all treatments during 48 hours. Treatment 
had no significant effect on suspended solids. 
Chlorophyll a and BOD+COD decreased (20-
100%) in all treatments (P<0.05) during 48 
hours.

Variable results depending on duration of 
incubation.

Small scale and short term 
experiments (indoor) which makes 
it difficult to extrapolate to outdoor 
conditions. Large variation within 
treatments.

Chaiyakam and Tunvilai 1992, 
Chaiyakam and Tunvilai 1989,        
DOF 1992

P
• Mudcrab (Scylla serrata)                           
• Milkfish (Chanos chanos)   

Philippines IPMS Different stocking densities of milkfish and crabs was tested in 
polyculture in three 0.1 ha earthen ponds (subdivided by bamboo 
screens). Culture period 130 days.

Net production of crabs was higher in 
polyculture at both stocking densities (5 and 
10 000 per ha). For milkfish the opposite was 
observed.

Fish may 1) increase food availability for the 
crabs, and 2) their presence may reduce 
movement of crabs and thereby minimizing 
interactions between crabs. . 

FCR given but no information about 
feeding.

Lijauco et al., 1980

SI

• Shrimp (Penaeus vannamei)                   
• Oyster (Crassostrea virginica)                      
• Clams (Mercenaria mercenaria)

USA IPMS Shrimp and biofilter ponds 0.1 ha in re-circulation. Treatment 
pond with oysters on trays or directly on pond bottom, and clams 
directly on bottom. Shrimps stocked at 60 ind. per m-2.

Growth and survival of shrimps not effected 
by bivalves. Good growth of bivalves with 
the exception during the warmer period. High 
mortality of clams only immediately after 
stocking. Oyster survival high only for oysters 
in trays.

Only ammonia-N decreased (30%) in 
polyculture ponds. Not possible to grow 
oysters directly on bottom. Fairly high 
infestation of oyster shell mud blister 
(caused by Polydora sp.).

No costs or profits included. 
Mentioning of low investment costs for 
co-culture but potentially higher costs 
for handling. Difficult to explain the 
decrease in ammonia-N and that only 
minor differences was found in particle 
conc.

Hopkins et al., 1993

P

• Shrimp (Penaeus monodon)                   
• Milkfish (Chanos chanos)                 

Philippines IPMS Earthen ponds, 500m-2, three different stocking combinations; 
monoculture milkfish, low (4000 ind. per ha) and high (8000 ind. 
per ha) shrimp polyculture. Only fertilizers used as input.

Highest combined milkfish and shrimp 
production in high shrimp density treatment. 
Shrimps had a positive effect on milkfish 
production. Mean survival rate ranged from 
90 to 96% for milkfish and was about 50% 
for shrimps; it did not differ significantly with 
treatment. 

Extensive system reaching max. 380 kg 
milkfish and 116 kg shrimp per ha per 
4 month culture period. 

Eldani and Primavera 1981

SI

• Shrimp (Penaeus vannamei)                   
• Oyster (Crassostrea virginica)      

Thailand IPMS Two flow through  tanks (310 L) receiving waste water from 
commercial semi-intensive shrimp ponds. Oysters stocked on  
trays and pond water flowed downward through each of two 
seven tray stacks. Experiment lasted for 268 days. 

Mean oyster growth rate was 2 g week-1 (up 
to 3.7 g wk-1 in upper layer certain period) and 
survival was 79%. It was concluded that the 
prospects for shrimp and bivalve co-culture 
appear promising.

Jakob et al., 1993,  
Wang et al., 1990  

SI

• Shrimp (Litopenaeus vannamei)               
• Constricted tagelus (Sinonovacula constricta)

China IPMS WM Two systems containing six shrimp ponds (tot area 0.93-1.3 ha), 
one mollusc pond (0.67-1.20 ha)  and a a reservoir was run in 
recirculation mode. Culture period 81–106 d-1 for shrimps, and 
240–350 d-1 for tagelus. Shrimps stocked at 128-135 ind. per 
m2. Natural foods in the water from the shrimp ponds used for 
tagelus, being stimulated by adding fertilisers . Daily circulation 
rate was 10%–20% of the total water volume of the system 
(excluding reservoir volume) in early stage, 20%–30% in middle 
stage, and 40% in late stage. System also included artificial 
biofilm. 

Tagelus pond decreased the concentrations of 
suspended matters and PO4-P, and also COD 
and inorganic nitrogen to certain extent. TAN 
reduced by 19-64% and suspended solids by 
45-90%.

The water quality in the ponds was 
maintained at a desirable level and no viral 
epidemics were discovered. Income from 
mollusc culture accounted for 22.1% of the 
systems total, the profit accounts for 52.6% 
of the total.

Probiotics  (mostly nitrifiers) and 
fertilizers applied in tagelus ponds. 
Low profits from shrimps due to late 
stocking (small sizes). No controls 
used to isolate the filter feeding effects 
from pond effect (sedimentation etc.).

Wu et al., 2005

P
SI

• Shrimp (Penaeus monodon)                   
• Seaweed (Gracilaria changii)   

Malaysia IPMS WM Gracilaria  was cultured on i m2 frames on lines, at 15 cm interval 
from the surface. The frames were placed in the middle of a 
shrimp pond and also in irrigation canal. A third treatment was 
seaweeds placed in ponds in the mangroves. Growth was studied 
during 12 weeks and repeated 3 times. 

Seaweed growth rate was three times higher in 
the irrigation canal compared to the shrimp pond 
and the natural mangrove (8.4, 3.6 and 3.3%, 
respectively). The seaweed cultivated inside 
the shrimp pond were heavily epiphytised and 
grazed upon (by fish). Seaweed growth best at 
the surface.

Seaweed growth was limited by epiphytes 
and high water turbidity. This could to some 
extent probably be solved through better 
placing in the pond , i.e. towards the edge 
of the pond. No quality measurement (i.e. 
Agar) was done on seaweeds cultured in 
the shrimp pond or in irrigation canal. 

Phang et al., 1996

SI

• Shrimp (Penaeus monodon)                     
• Mangrove (Rhizophora mucronata) 

Indonesia WT Mangroves in a natural “reservoir pond” receiving shrimp pond 
effluents from 12 2500 m” earthen ponds. Artificial pellets, 
stocking rate 40 per m2.

Water nutrient concentrations were lower in 
the mangrove reservoir pond but e.g. NH4 
followed the slowly build-up experienced 
in the shrimp ponds. Tank experiment with 
mangroves showed upon large uptake capacity 
of mangroves (70% of NO3, NH4).

Difficult to say anything about nutrient 
removal efficiency as no controls were used 
in pond experiment, and no details were 
given about the tank experiments. Only 7 
week experiment.

Ahmad et al., 2003

P

• Sea bass (Lates calcarifer)                       
• Seaweed (Gracilariopsis heteroclada) 

Philippines IPMS WT Seaweeds on ropes suspended at different depth in Sea bass 
(fingerlings) cages. Empty fish cages used as controls. Polycultue 
with fish mainly as biological control (predation on herbivorous 
fish).

Specific growth rate of seaweeds significantly 
influenced by the fish. Probability from predation 
of small herbivore fish. Best growth at 25 cm 
depth. Approx. 172 g (dry) m-2 month-1 was 
produced.

Presence of fish not increasing seaweed 
growth all month (not in April when 
seaweed growth was highest). 

Not studied how fish growth is 
being impacted by the presence of 
seaweeds.

Hurtado-Ponce 1992c

P

• Grouper (Epinephelus sp.)                            
• Seaweed (Kappaphycus alvarezii) 

Philippines IPMS WT Seaweeds on ropes suspended at different depth in Grouper 
(juveniles) cages. Empty fish cages used as controls. Polycultue 
with fish mainly as biological control (predation on herbivorous 
fish). Different culturing techniques of seaweeds were tested.

Better growth using horizontal technique 
(ca. 5%). 

Illustrates the potential to co-culture the 
seaweed with groupers in cages.

No comparison was made with cages 
without fish. The potential positive 
effect from either increased nutrients 
or prevention of grazing could 
therefore not be studied.

Hurtado-Ponce 1992b
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SI
• Mangroves (impounded, predominantly  
  Avicennia  rumphiana/A. officinalis/ 
  Nypa fruticans)   
• Shrimp (Penaeus monodon) 

Philippines IPMS WT HP Wastes from intensive shrimp ponds (with milkfish in net-pens) 
diverted into natural mangrove stand. Shimp stocking density 
10-30 shrimp postlarvae per m2.  

Mangroves reduced wastes by 64.2% for TSS, 
34.0% for sulphide, 24.8% for NH3 and 18.7% 
for NO3 in the first 6 h. Night-time draining 
resulted in net production of nutrients from the 
mangroves. Growth of saplings and trees was 
2.5 times greater in the treated mangroves 
compared to controls.

Based on overall findings it was estimated 
that a 2.18-4.36 ha of mangroves would be 
needed to treat N wastes from one ha of 
shrimp pond.

Primavera et al., 2007

P
MI

• Mangroves (predominantly Avicennia marina)                                               
• Mud crab (Scylla olivacea, S. Serrata,  
  S. Tranquebarica) 

Philippines IPMS HP Mud crabs stocked at 0.5-0.8 m-2 in 200 m2 net-pens. Different 
feed combinations evaluated.

S. olivacea had low growth and low survival 
rates in all treatments.

Crabs have no impacts on adult mangrove 
trees, only on seedlings and saplings. 
Economic analysis showed that crab culture 
in mangrove pens using a combination of 
fish biomass and pellets is viable.

Primavera et al., in press

SI
• Green mussel (Perna viridis)   
• Spiny rock lobster (Panulirus ornatus)  

Viet Nam IPMS WM Investigating growth of lobster fed different feed combinations- 
one being mussels farmed outside cages. Also measuring how 
integration effected different environmental quality parameters.

Lobsters fed on mussel had higher survival 
rate than those fed by-catch. Growth rate the 
same. Organic matter in the deep water and 
sediment was lower under the combined culture 
compared to monoculture of lobster. Also 
bacterial densities decreased. 

The results  suggest that mussel and 
lobster co-culture potentially can lessen 
dependence on capture fishery resources, 
increase lobster growth reduce negative 
environmental impacts.

Preliminary results without statistical 
analysis. 

Pham et al., 2004, Pham  
et al., 2005

SI

• Green mussel (Perna viridis)  
• Seaweed (Kappaphycus alvarezii)                                            
• Grouper (Epinephelus fuscoguttatus)                                                
• Abalone (Haliotes asinina) 

Viet Nam IPMS WM Grouper in 9 m2 cages, mussels and seaweeds hanging on long 
lines outside cages, abalone kept in baskets inside fish cages. 
The weight ratio of cultured grouper, green mussel and alga was 
3:1:12. Dissolved oxygen measured weekly and NH3-N, NO2-N, 
PO4-P, Chlorophyll once a month. Grouper was fed on trash fish 
and experimental period lasted 10 month.

No significant difference between polyculture 
and monoculture systems with respect to 
environmental factors. Fish growth not different 
between monoculture and integration. Mussel 
growth low (0.007 cm day-1), seaweed daily 
growth rate 3.91% but showed signs of ice-
ice infection at the end of the farming period. 
Abalone grew fast (0.016 cm day-1. 

The profits from polyculture system was 
21.23% higher compared to monoculture.  
Investments and total production costs were 
only 9% and 17.5% higher, respectively.

Surprisingly low mussel growth! Khanh et al., 2005

SI

• Giant Clams (Tridacna derasa, T. Gigas,  
  T. Maxima, T. Squamosa)          

USA IPMS WM Clams stocked in indoor raceways (2.5 x 0.3 m) receiving waste 
water from fish culture. Clam sizes between 32- 87 mm. Two 
month experiment.

Three of the species had high survival , but 
T. Gigas had 50% mortality. Only T. derasa 
grew faster in fish effluent water, the other 
clam species showing no growth. Clams able 
to remove some nutrients e.g. nitrogen and 
phosphorus concentrations lower in treatment 
tanks.

Nutrient reduction capacity not enough for 
integration with food fish aquaculture but 
possible for ornamental fish aquaria’s.

Short term study and only on juveniles! 
No controls with only shells.

Sparsis et al., 2001

SI
• Giant Clams (Tridacna derasa)              
• Snails (Astrea tecta)

USA IPMS WM Clams stocked in two indoor tanks (300 L) receiving waste water 
from fish culture (0.01 kg fish (snappers)  per L) in re-circulated 
system. Clam sizes between 4.5 - 11 cm. Six month experiment. 
Herbivorous snails added to control biofouling.

Significant higher survival and growth rates for 
clams in fish effluent water. Nutrients measured 
but no uptake calculated. 2.5 times higher 
zooxanthellae density in clams in fish effluents.

Nutrient reduction capacity not enough for 
integration with food fish aquaculture but 
possible for ornamental fish aquaria’s.

Lin et al., 2001 
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SI
• Mangroves (impounded, predominantly  
  Avicennia  rumphiana/A. officinalis/ 
  Nypa fruticans)   
• Shrimp (Penaeus monodon) 

Philippines IPMS WT HP Wastes from intensive shrimp ponds (with milkfish in net-pens) 
diverted into natural mangrove stand. Shimp stocking density 
10-30 shrimp postlarvae per m2.  

Mangroves reduced wastes by 64.2% for TSS, 
34.0% for sulphide, 24.8% for NH3 and 18.7% 
for NO3 in the first 6 h. Night-time draining 
resulted in net production of nutrients from the 
mangroves. Growth of saplings and trees was 
2.5 times greater in the treated mangroves 
compared to controls.

Based on overall findings it was estimated 
that a 2.18-4.36 ha of mangroves would be 
needed to treat N wastes from one ha of 
shrimp pond.

Primavera et al., 2007

P
MI

• Mangroves (predominantly Avicennia marina)                                               
• Mud crab (Scylla olivacea, S. Serrata,  
  S. Tranquebarica) 

Philippines IPMS HP Mud crabs stocked at 0.5-0.8 m-2 in 200 m2 net-pens. Different 
feed combinations evaluated.

S. olivacea had low growth and low survival 
rates in all treatments.

Crabs have no impacts on adult mangrove 
trees, only on seedlings and saplings. 
Economic analysis showed that crab culture 
in mangrove pens using a combination of 
fish biomass and pellets is viable.

Primavera et al., in press

SI
• Green mussel (Perna viridis)   
• Spiny rock lobster (Panulirus ornatus)  

Viet Nam IPMS WM Investigating growth of lobster fed different feed combinations- 
one being mussels farmed outside cages. Also measuring how 
integration effected different environmental quality parameters.

Lobsters fed on mussel had higher survival 
rate than those fed by-catch. Growth rate the 
same. Organic matter in the deep water and 
sediment was lower under the combined culture 
compared to monoculture of lobster. Also 
bacterial densities decreased. 

The results  suggest that mussel and 
lobster co-culture potentially can lessen 
dependence on capture fishery resources, 
increase lobster growth reduce negative 
environmental impacts.

Preliminary results without statistical 
analysis. 

Pham et al., 2004, Pham  
et al., 2005

SI

• Green mussel (Perna viridis)  
• Seaweed (Kappaphycus alvarezii)                                            
• Grouper (Epinephelus fuscoguttatus)                                                
• Abalone (Haliotes asinina) 

Viet Nam IPMS WM Grouper in 9 m2 cages, mussels and seaweeds hanging on long 
lines outside cages, abalone kept in baskets inside fish cages. 
The weight ratio of cultured grouper, green mussel and alga was 
3:1:12. Dissolved oxygen measured weekly and NH3-N, NO2-N, 
PO4-P, Chlorophyll once a month. Grouper was fed on trash fish 
and experimental period lasted 10 month.

No significant difference between polyculture 
and monoculture systems with respect to 
environmental factors. Fish growth not different 
between monoculture and integration. Mussel 
growth low (0.007 cm day-1), seaweed daily 
growth rate 3.91% but showed signs of ice-
ice infection at the end of the farming period. 
Abalone grew fast (0.016 cm day-1. 

The profits from polyculture system was 
21.23% higher compared to monoculture.  
Investments and total production costs were 
only 9% and 17.5% higher, respectively.

Surprisingly low mussel growth! Khanh et al., 2005

SI

• Giant Clams (Tridacna derasa, T. Gigas,  
  T. Maxima, T. Squamosa)          

USA IPMS WM Clams stocked in indoor raceways (2.5 x 0.3 m) receiving waste 
water from fish culture. Clam sizes between 32- 87 mm. Two 
month experiment.

Three of the species had high survival , but 
T. Gigas had 50% mortality. Only T. derasa 
grew faster in fish effluent water, the other 
clam species showing no growth. Clams able 
to remove some nutrients e.g. nitrogen and 
phosphorus concentrations lower in treatment 
tanks.

Nutrient reduction capacity not enough for 
integration with food fish aquaculture but 
possible for ornamental fish aquaria’s.

Short term study and only on juveniles! 
No controls with only shells.

Sparsis et al., 2001

SI
• Giant Clams (Tridacna derasa)              
• Snails (Astrea tecta)

USA IPMS WM Clams stocked in two indoor tanks (300 L) receiving waste water 
from fish culture (0.01 kg fish (snappers)  per L) in re-circulated 
system. Clam sizes between 4.5 - 11 cm. Six month experiment. 
Herbivorous snails added to control biofouling.

Significant higher survival and growth rates for 
clams in fish effluent water. Nutrients measured 
but no uptake calculated. 2.5 times higher 
zooxanthellae density in clams in fish effluents.

Nutrient reduction capacity not enough for 
integration with food fish aquaculture but 
possible for ornamental fish aquaria’s.

Lin et al., 2001 




