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Abstract. Outbreaks of luminous vibriosis in commercial shrimp ponds have been the major cause in the

decline of shrimp production in most tropical countries. The causative agent of this disease is Vibrio

harveyi, and is one of the many Vibrio species that affect Asian aquaculture. Efforts to prevent the occurrence

of luminous vibriosis in shrimp ponds are largely based on the application of antibiotics in the ponds or

inclusion of these compounds in the diets of the shrimp. However, indiscriminate use of these antimicrobial

compounds results in more virulent and drug-resistant strains of the pathogen. The search for alternative

strategies to control luminous vibriosis in the culture facilities led to the development of the so-called

�green water� technology. This technology is an innovative technique in which the shrimp stock is cultured

in water, where microalgae such as Chlorella sp., and other green microalgae grow abundantly. When this

species of phytoplankton has abundant growth in the pond, the water assumes a green colouration, hence

the term �green water�. This paper discusses the advances on the use of this �green water� technology to

inhibit luminous vibriosis in tropical shrimp aquaculture.
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Introduction

Aquaculture has developed rapidly over the last few

decades to become an important global economic

activity. Philippines is among the top four aquaculture-

producing countries in the region, contributing about

2.5% of total global production (Tacon, 2003). Shrimp

continues to be the main commodity traded in terms of

value. The main cultivated species are the giant tiger

prawn (Penaeus monodon), the fleshy prawn (P. chinensis),

and the white leg shrimp (P. vannamei) (Tacon, 2003).

The Philippines has a long tradition of aquaculture that

originated even before the recent interest in modern

shrimp culture production (Kuljis and Brown, 1992).

There are more than 200,000 ha of traditional, coastal

brackishwater fishponds in the country and most of

these ponds are used for the production of milkfish

(Chanos chanos) and shrimp (P. monodon and P. indicus)

(Kuljis and Brown, 1992). Shrimp farming in the country

has progressed from low-density polyculture with

milkfish using wild seedstock, to increasing intensities

of monoculture using wild or hatchery-reared shrimp

fry (Primavera, 1992). The country produced 95,816

metric tonnes of shrimps during its peak of production

in 1993. However, intensification of production led to

environmental degradation and outbreak of diseases,

such as widespread infection due to a luminescent

bacterium, Vibrio harveyi, which caused a decline in

shrimp production (Corre et al., 2000; Yap, 2000).

Luminescent vibriosis due to Vibrio harveyi has been

reported to cause mass mortalities in shrimp, reared in

hatcheries and grow-out culture ponds in the Philippines

(de la Peña et al., 2001; Lavilla-Pitogo et al., 1998).

V. harveyi is one of the 11 Vibrio species reported to be

infecting cultured penaeid shrimps in Asia (Lavilla-

Pitogo, 1995), and believed to be the most dominant

species of luminescent Vibrio present in shrimp ponds

in the Philippines with an incidence rate of 65.5%

(de la Peña et al., 2001). Heavy mortality associated

with massive bacterial infection in the digestive organ

of the shrimp has been observed among pond cultured

P. monodon especially in the first 45 days of culture.

The target organ of infection is the hepatopancreas

exhibiting severe and diffuse inflammation throughout

the hepatopancreas (Lavilla-Pitogo et al., 1998). Mortality

in most cases exceeded 70% resulting in the termination

of rearing activities and the collapse of shrimp farming

industry in the Philippines (de la Peña et al., 2001).

The occurrence of luminescent vibriosis due to V. harveyi

and the consequences of infection of this pathogen on*Author for correspondence; E-mail: cmacaipang@yahoo.com
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the shrimp culture industry in the Philippines have

resulted in the development of different techniques to

control luminous bacteria in shrimp ponds. One of the

techniques that had been reported to work is the �green

water� culture system (Corre et al., 2000).

Available treatment schemes for luminous vibriosis.

Traditionally, antibiotics have been used to control bac-

terial diseases in aquaculture. For example, Holmstrom

et al. (2003) reported that among the shrimp farmers

that they interviewed in Thailand, majority of them

used antibiotics. Most of these farmers used antibiotics

as prophylaxis in shrimp farms and some even used

chemicals on a daily basis. There are more than ten

different antibiotics being used in shrimp culture,

including chloramphenicol, gentamycin, trimethoprim,

tiamulin, tetracyclines, quinolones and sulfonamides.

Moriarty (1999) estimated that in 1994, the use of

antibiotics in shrimp farm production in Thailand reached

500-600 tonnes. In the Philippines, oxytetracycline,

oxolinic acid, chloramphenicol, furazolidine, nitrofurans,

erythromycin and sulfa drugs are commonly used to

treat bacterial diseases (Tendencia and de la Peña, 2001).

In view of the massive indiscriminate use of antibiotics

in aquaculture, there have been reports of the presence

of resistant strains of Vibrios to some antibiotics (Defoirdt

et al., 2007). Karunasagar et al. (1994) observed massive

mortality in shrimp larvae caused by V. harveyi strains

that are resistant to cotrimoxazole, chloramphenicol,

erythromycin and streptomycin. Among these antibiotics,

the first two are regularly used as prophylactics. The

antibiotic resistance determinants that have emerged

and/or evolved in the aquaculture environments have

been shown to be transmitted by horizontal gene transfer

to bacteria of the terrestrial environment, including

animal and human pathogens. For example, the V. cholerae

that caused the 1992 Latin-American epidemic of cholera

seemed to have acquired antibiotic resistance as a result

of coming into contact with antibiotic-resistant bacteria

selected through the heavy use of antibiotics in the

Ecuadorian shrimp industry (Angulo, 2000). The

presence of residual antibiotics in most commercial

aquaculture products presents another problem with

respect to human health because this can lead to an

alteration of the normal human gut microflora and can

generate problems of allergy and toxicity (Cabello,

2006). Given the world-wide trade in aquaculture

products, health problems related to antibiotic use in

aquaculture are not limited to the aquaculture-producing

countries, but are also relevant to the importing countries.

It might be clear from the above that global efforts are

needed to promote more judicious use of antibiotics in

aquaculture and that new strategies to control pathogenic

bacteria are needed to make the industry more sus-

tainable. Currently, measures to protect aquaculture

animals from luminescent vibriosis without using

antibiotics are being developed and tested. Alternative

biocontrol measures directed towards luminescent

Vibrios have recently been developed. These are through

the use of vaccination/immuno-stimulation, phage

therapy, probiotics and the green water culture system

(Defoirdt et al., 2007).

Stimulation of host defenses can increase resistance to

infectious diseases either by triggering specific immune

responses, e.g., by vaccination or by enhancing non-

specific defense systems, e.g., by immunostimulation

(Sakai, 1999). Immunostimulants that are commonly

used in aquaculture include live bacteria, killed bacteria,

glucans, peptidoglycans and lipopolysaccharide (Smith

et al., 2003). Vaccination involves the administration

of weakened or dead pathogenic bacteria or viruses as

well as their antigenic components, with the aim of con-

ferring long-lasting protection through immunological

memory in the host (Gudding et al., 1999). Vaccination

requires primary challenge with antigen and relies on

specific defense mechanisms, which are traditionally

believed only to exist in vertebrates; consequently, with

respect to aquaculture, vaccination would only be pos-

sible in fish and not in crustaceans (Smith et al., 2003),

although a quasi-immune response has been observed

in shrimp (Venegas et al., 2000). The effects of vaccina-

tion against luminescent vibriosis in several fish species

have been studied by different research groups, with

promising results. Elevated antibody and Vibrio inhibi-

tory activities, induction of immune memory and signi-

ficantly increased survival of experimentally infected

fish have been reported (Lin et al., 2006; Arijo et al.,

2005). Unfortunately, vaccination is not possible in fish

larvae because of handling issues due to size and more

importantly, because it is believed that fish larvae do

not have a well-developed specific immunity (Vadstein,

1997). Several reports have mentioned the use of immu-

nostimulants to control luminescent vibriosis in shrimp,

resulting in increased prophenoloxidase and pheno-

loxidase activities and hemocyte counts, and significantly,

increased survival after experimental infection with

luminescent Vibrios (Marques et al., 2006; Thanardkit

et al., 2002). Although, immunostimulation shows

promise, there are some limitations that should be
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than daily addition of antibiotics (5 mg/L oxytetracyclin

and 10 mg/L kanamycin).

A constraint to the use of phages as therapeutics is that

phages can transfer virulence factors (Austin et al.,

2003). Hence, before using bacteriophages for therapy,

it is important to test, whether they carry any virulence

genes and, whether they would be safe to use. A second

important problem is the rapid development of resistance

to phage attachment, which renders bacteria resistant

to phage attack (Fischetti et al., 2006). This problem

could be overcome by applying cocktails of phages or

by using phage components instead of intact phage.

Next is the use of probiotics, which is a recent approach

in aquaculture. The possible modes of action of probiotics

include (i) production of inhibitory compounds, (ii)

competition for nutrients, (iii) competition for adhesion

sites in the gastrointestinal tract, (iv) enhancement of

the immune response, and (v) production of essential

nutrients such as vitamins and fatty acids, and enzymatic

contribution to digestion (Vine et al., 2006; Verschuere

et al., 2000). In addition to these beneficial actions,

probiotics improve the water quality by removing toxic

inorganic nitrogen or by mineralising organic matter

(Verschuere et al., 2000). Another mode of action of

probiotics could be specific inhibition of virulence gene

expression, for instance by disrupting cell-to-cell com-

munication (Defoirdt et al., 2007). Most investigations

on probiotics as biocontrol agents to treat luminescent

vibriosis have been performed using various strains of

Bacillus. In one of the earliest reports, Moriarty (1998)

found that the addition of a mixture of Bacillus strains

that had been selected for the production of antibiotics

against luminescent Vibrios resulted in healthier prawns

and lower numbers of luminescent Vibrios in the pond

water. Rengpipat et al. (1998) found that the addition

of Bacillus strain S11 to P. monodon increased survival

of the shrimp from 26% to 100% after ten days following

infection with a pathogenic strain of V. harveyi in

laboratory-scale experiments. By contrast, later experi-

ments showed only marginal increases in the survival

of challenged shrimp in farm trials following addition

of the Bacillus strain to the feed (Rengpipat et al., 2003).

Vaseeharan and Ramasamy (2003) showed that

B. subtilis strain BT23 that was isolated from shrimp

culture ponds, produced a substance which inhibited

the growth of V. harveyi. The addition of the Bacillus

strain to the culture water of shrimp larvae resulted in

a significant decrease in accumulated mortality after

considered. First of all, immunostimulation might be

too intense and can severely affect the host (Smith

et al., 2003). Second, the response is likely to be short

in duration because of the lack of memory, and hence

immunostimulants will have to be administered repeatedly

(Sakai, 1999). However, long-term administration of

these agents likely results in the decrease of the

immunostimulant effect and does not always promote

disease resistance (Sakai, 1999).

Another treatment option to curb vibriosis in shrimp

aquaculture is through phage therapy. In the early 1920s,

bacteriophages were discovered as viral infections of

bacteria, and their value for antibacterial therapy and

prophylaxis was almost immediately recognized. Sur-

prisingly, phages are recently considered as candidate

therapeutics for aquaculture (Nakai and Park, 2002).

Several reports described the isolation of phages of

luminescent Vibrios, including lysogenic ones (Austin

et al., 2003) and more recently also lytic phages (Shivu

et al., 2007; Vinod et al., 2006). A major advantage of

phage therapy is that non-target microbiota are not

affected because the phages usually have a narrow host

range (Nakai and Park, 2002). However, many phages

are strain-specific rather than species-specific (Nakai

and Park, 2002), so phages that will be used as biocontrol

agents for luminescent vibriosis should be selected

based on their capability to infect a wide range of

luminescent Vibrios. Attempts to use phages to control

luminescent vibriosis have only recently been reported.

Shivu et al. (2007) isolated seven phages from hatchery

and creek water and tested their lytic spectrum against

various strains of V. harveyi strains that were obtained

from different geographical regions. They found that

the phages lysed between 15% and 69% of the strains.

None of the phages was able to infect other Vibrio

species. The authors concluded that shrimp hatcheries

would be a good source for the isolation of phages to

be used as therapeutics. Vinod et al. (2006) isolated a

phage from shrimp farm water with lytic activity against

all the V. harveyi isolates that were tested. The phage

was tested both in a laboratory system and in a hatchery

for its potential to protect P. monodon larvae. In the

laboratory system, the addition of phage increased the

survival of shrimp larvae that were infected with

pathogenic V. harveyi and decreased luminescent

bacterial counts after two days. In the hatchery trial,

addition of the phage increased shrimp survival.

Interestingly, the phage treatment performed much better
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15 days. In a Thai hatchery, the addition of the Bacillus

mixture to the culture water significantly, improved the

survival of P. monodon larvae. The major limitation on

the use of probiotics is that in many cases they are not

able to maintain themselves for a long period of time,

hence, must be added regularly and at high concen-

trations (Vine et al., 2006), which makes this technique

less cost-effective. Moreover, probiotics that were

selected in vitro based on the production of inhibitory

compounds might not be able to produce these

compounds in vivo (Vine et al., 2006; Verschuere et al.,

2000). Finally, the Vibrios might develop resistance if

the production of growth-inhibitory compounds is the

only mode of action, as has occurred for numerous

antibiotics (Defoirdt et al., 2007). From the above, it

seems to be clear that selection of probiotics needs to

be performed carefully and that it might be advantageous

to isolate candidate probiotics from the culture system

in which they will be applied because there is a greater

chance that these probionts will be able to establish

themselves in the system (Verschuere et al., 2000). It

is also necessary to select probiotics with more than

one antagonistic characteristic or to apply a mixture of

probiotics with different modes of action, to maximize

the chance of success. From a commercial point of

view, it would be more advantageous to determine,

whether, probiotics that are already licensed for use in

human or animal nutrition could be used instead of

isolating new probiotics because licensing new probiotics

for use in animal products is relatively expensive (Hong

et al., 2005), which could be a limiting factor in the

commercialization of new probiotic products.

The final approach is the use of the green water tech-

nology. The principle and the mechanisms involved in

this technology is discussed in the following section.

Green water system as a viable means to control

luminous vibriosis in shrimp aquaculture. Green water

in ponds and other impoundments is characterised by

the presence of dense microalgal populations (Moriarty,

1997). The colouration takes place usually after fertilisa-

tion by different oranic or inorganic substances (Hasan,

2007; Chen et al., 1995). The green water organisms

are nutritious for different species of fish that grow

together in a polyculture system (De Silva and Anderson,

1995). The fish and shrimp that grow in this kind of

water consume the natural food exclusively or supple-

mented with commercial feeds. In addition to microalgae

that are either suspended or attached to submerged

substrata known as periphyton (Spataru et al., 1983),

the natural food also includes macrophytes, bacteria,

other microbes and zooplankton. Most of the organisms

that comprise the green water ponds are photosynthetic,

primarily planktonic but also macrophytic and maintain

a positive oxygen balance in the water (Pekar and Olah,

1992; Schroeder et al., 1990). The use of microalgae

and other planktonic microbes as aquaculture food in

green water ponds has been advocated by phycologists

and aquaculture nutritionists (Tacon et al., 2002; Muller-

Feuga, 2000; Duerr et al., 1998; Benemann, 1992).

There have been several studies on the use of green water

technology to control vibriosis in tropical shrimp aqua-

culture. The succeeding examples were obtained from

studies done in the Philippines, one of the major shrimp-

producing countries in the tropics. When applied to

shrimp culture as a means to control luminous vibriosis,

the green water technique involves the culture of shrimp

in water that was obtained from tilapia ponds, in which

microalgae (such as Chlorella sp.) grow abundantly. In

shrimp ponds that utilised the green water technology,

Cremen et al. (2007) found a total of 103 taxa of micro-

algae belonging to nine different algal classes. Of

these classes, the Chlorophyceae, Cyanophyceae and

Bacillariophyceae constituted the great bulk of the

phytoplankton population. The use of green water

in shrimp ponds sustained the high density of

Nannochloropsis sp., that prevented algal collapses and

vibriosis. In another study, Leaño et al. (2005) identified

the mycoflora of the green water culture system in shrimp

ponds. They sampled pond water, tilapia gut and mucus

as well as the shrimp hepatopancreas for the presence

of fungi and yeasts. Results showed that high fungal

loads were observed in tilapia gut, while minimal fungal

populations were observed in water samples and shrimp

hepatopancreas. The filamentous fungal isolates were

dominated by Penicillium and Aspergillus species, while

the yeast populations were dominated by Rhodotorula

and Saccharomyces species. The dominance of these

fungi on tilapia mucus and gut and their presence in the

rearing water might play an important role in the overall

mechanisms involved in the control of luminous Vibrio

in the green water grow-out culture of P. monodon.

More recently, Lio-Po et al. (2005) identified eight

bacterial and 12 fungal isolates that were associated

with green water and that had a promising growth-

inhibitory effect towards luminescent V. harveyi.

Interestingly, the majority of the luminescent Vibrio-

inhibiting bacteria were isolated from tilapia skin mucus

and gut. V. harveyi was also found to be inhibited by
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several microalgae associated with the green water. A

3-log decrease in luminous Vibrio counts was observed

in coculture with the microalga Leptolyngbya sp., after

one day of incubation. For the algae Chaetoceros calcitrans

and Nitzchia sp., an even higher growth-inhibitory effect

was noticed because luminous Vibrios completely

disappeared from the co-cultures after one and two

days, respectively.

In the preceding studies, several organisms have been

identified to be closely associated with green water

system and these organisms might have a direct influ-

ence on the inhibition of luminous vibriosis. Because

Chlorella sp., is one of the dominant phytoplankton

species in green water system, Tendencia and dela Peña

(2003) in their laboratory studies reported that V. harveyi

was not recovered from seawater containing Chlorella

after two days of incubation.

The most common fish species used in the green water

culture system is the all male tilapia, Tilapia hornorum.

The use of tilapia as a biomanipulator in shrimp culture

was accidentally discovered by a shrimp farmer in

Negros Occidental, Philippines and observed that tiger

shrimp were somehow not affected by the luminous

vibriosis disease when cultured in plankton-rich effluent

water from tilapia ponds (Cruz et al., 2008). Monitoring

of the plankton profile later identified the green algae

Chlorella to be largely responsible for inhibiting the

proliferation of luminous bacteria (Corre et al., 2000).

Further, field trials by the NPPMCI (2000) also showed

that tilapia effluent water improved water quality in

shrimp culture. This novel technology, which was also

shown to work with other omnivorous fish species (i.e.,

milkfish, Mozambique tilapia), became commonly

known as the green water culture technique (NPPMCI

2000). NPPMCI (2000) reported that at a tilapia biomass

of 3.0 tonnes the luminous bacterial level of the culture

water is very low or could not be detected. In a laboratory

study, Huervana et al. (2006) demonstrated that green

water obtained from rearing tanks of tilapia, Oreochromis

mossambicus has the ability to inhibit luminous vibriosis

over a one-week period, and that broodstock are a better

source of green water than juveniles in controlling

luminous vibriosis. In tanks, Tendencia et al. (2004)

demonstrated that stocking all-male tilapia at a biomass

not lower than 300 g/m3 efficiently inhibited the growth

of luminous bacteria in shrimp (biomass = 80 g/m3)

rearing water. Further, they hypothesised two major

mechanisms that may be considered for the direct

inhibitory effect of tilapia on V. harveyi. One is the

inherent property of tilapia, such as mucus and other

metabolites, which could have a direct inhibitory action

to V. harveyi, and the other is the microflora associated

with tilapia culture that could have a competitive effect

on V. harveyi. The interactions of the Chlorella sp., a

major component of green water and T. hornorum in

controlling luminous vibriosis were also explored

(Tendencia et al., 2005). Results showed that the

presence of Chlorella sp., (105 cells/mL) alone was not

effective in the control of luminous bacteria in shrimp

(biomass=80 g/m3) rearing water. The presence of

T. hornorum alone (biomass=500 g/m3) was more

efficient in controlling the growth of luminous bacteria

than the co-existence of tilapia and Chlorella sp.

Nevertheless, the presumptive Vibrio count was lowest

in control tanks that had the highest shrimp survival

rate, which was attributed to the presence of other micro-

algae such as Chaetoceros, Thalassiosira, Navicula,

Nitszchia, Melosira, and Fragilaria. The inhibitory

effects on luminous V.harveyi due to the presence of

other microalgae confirmed the study done by Lio-Po

et al. (2005). However, not only  tilapia contribute to

the production of greenwater in ponds and tanks.

Tendencia et al. (2006) showed that the presence of

commercially valued marine species such as seabass,

snapper and siganid affect the growth of luminous

bacteria in shrimp culture water. Results showed that

luminous bacterial count of water stocked with seabass,

siganid and snapper are significantly, lower than those

without fish. Therefore, this study has demonstrated

that seabass, siganid and snapper are alternative species

for culture with shrimp to control or inhibit the growth

of luminous bacteria in shrimp ponds.

Conclusion and future perspectives. Green water

technology is a proven environment-friendly technology

for managing luminous Vibrio disease and water quality.

The results from different studies explain that the

effective mechanism of the greenwater culture of shrimps

in preventing outbreaks of luminous vibriosis among

P. monodon juveniles in grow-out ponds can be attri-

buted to the presence of anti-luminous Vibrio factors

in the bacterial, fungal, and phytoplankton microbiota

associated with this novel shrimp culture technique. In

addition, the tilapia that are grown in the greenwater

shed mucus that may have bactericidal effects on

luminous Vibrio. Based on field experience, it also

appears to be a viable technology for reducing organic

matter accumulation in the sediment, promoting

sustainability of culture operations. The complex factors
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controlling the composition and development of different

organisms that make greenwater need to be investigated

in detail for optimising the production. Thus, multi-

disciplinary research involving site-specific factors,

management and the type of organisms that is used for

culture, will lead to a better understanding of green water

aquaculture and develop indicative parameters and

practical monitoring tools. These can allow scientists

and farmers to improve management of the water

impoundments for a better production of fish and shrimp.
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