
INTRODUCTION
Bacterial diseases caused by members of the genus

Vibrio are often the limiting factor in penaeid shrimp cul-
ture operations worldwide (de la PeZa et al. 2001).  Lumi-
nescent vibriosis due to Vibrio harveyi has been reported
to cause mass mortalities in tiger shrimp, Penaeus mon-
odon, reared in hatcheries and grow-out culture ponds in
the Philippines (Lavilla-Pitogo and de la PeZa 1998, de la
PeZa et al. 2001).  V. harveyi is one of the 11 Vibrio species
reported to be infecting cultured penaeid shrimps in Asia
(Lavilla-Pitogo 1995), it is believed to be the most domi-
nant species of luminescent Vibrio present in shrimp ponds
in the Philippines with an incidence rate of 65.5% (de la

PeZa et al. 2001).  Heavy mortality associated with mas-
sive bacterial infection in the digestive organ of the shrimp
has been observed among pond cultured P. monodon espe-
cially in the first 45 days of culture.  The target organ of
infection is the hepatopancreas exhibiting severe and dif-
fuse inflammation throughout the hepatopancreas (Lavil-
la-Pitogo and de la PeZa 1998).  Mortality in most case
exceeded 70% resulting in the termination of rearing activ-
ities and the collapse of shrimp farming industry in the
Philippines (de la PeZa et al. 2001).

The occurrence of luminescent vibriosis due to V. har-
veyi and its devastating impacts on the shrimp culture
industry in the Philippines have led to the development of
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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 (Anonymous 2000,
Corre et al. 2000).  It is an innovative technique in which
the shrimp stocks are cultured in water where microalgae
such as Chlorella sp. grow abundantly (Tendencia and de
la PeZa 2003).  In this method, the reservoir is stocked
with fish species that produce �green water� and subse-
quently pumped to shrimp grow-out ponds.  In some cases,
the fish are cultured in cages inside shrimp ponds.  The
species most frequently used in the green water culture
system is the jewel tilapia, Tilapia hornorum.  This fish
species is a hybrid and has been polycultured with shrimp
to control the growth of luminous bacteria.  It has been
reported that when these fish are stocked at a biomass of
3.0 t · ha�1, the luminous bacteria level of the culture
water is very low or could not be detected (Anonymous
2000).

Tendencia and de la PeZa (2003) investigated the com-
ponents of the green water system on their effects on the
population of luminous bacteria.  The result of the exper-
iment suggest that both components of the green water
system, the tilapia water alone and / or Chlorella alone, are
effective against luminous bacteria over a short period of
time, 6 and 3 days, respectively.  In a follow-up experi-
ment, Tendencia et al. (2004) reported that the direct in-
hibitory action of the presence of T. hornorum itself is one
of the major factors that make the green-water culture sys-
tem or finfish integrated shrimp culture effective in the
control of luminous V. harveyi bacteria in the water.  Re-
sults of the study showed that stocking of tilapia not lower
than 300 g · m�3 efficiently reduced the V. harveyi count
in the water stocked with shrimp at a density of 80 g · m�3.

Similarly, the ability of the �green water� during the
grow-out culture of tiger shrimp to prevent outbreaks
of luminous vibriosis was investigated by Lio-Po et al.
(2005) through screening of associated isolates of bacteria,
fungi, phytoplankton, and fish skin mucus for anti-lumi-
nous Vibrio metabolites.  They showed that effectiveness
of the �green water� in preventing outbreaks of luminous
vibriosis in shrimp grow-out ponds can be attributed to the
presence of anti-luminous Vibrio factors in the bacteria,
fungi phytoplankton microbiota, and the skin mucus of
tilapia (Lio-Po et al. 2005). 

Oreochromis  mossambicus or Mozambique tilapia
grow well in ponds at salinities from 32 to 40 ppt (Popper
and Lichatowich 1975), surviving at 0�120 ppt (Goldstein
1973) and spawning at 34 ppt (Liao and Chang 1983).
They appear to grow better in brackish water than in very
low or high salinities (Payne et al. 1988) and attain a max-
imum weight of 850 g in one year under favourable con-
ditions (Bardach et al. 1972).  Although some shrimp farm
operators use Mozambique tilapia to produce �green
water� and believe its effectiveness against V. harveyi,
there have been no studies conducted to prove such claim.
This study aimed to verify the effectiveness of �green
water� obtained from O. mossambicus against V. harveyi
and to determine if the use of O. mossambicus is a poten-

tial alternative to T. hornorum in the green water culture
system. 

MATERIALS AND METHODS  
The �green water� was obtained from broodstock and

juvenile outdoor tanks of O. mossambicus maintained at
the University of the Philippines in the Visayas, Brackish-
water Aquaculture Center.  Broodstock tank contained tila-
pias (30�40 g) at a stocking density of 500 g · m�3 with
salinity of 15 ppt.  The juvenile tank was stocked with
tilapia fingerlings (1�2 g) at a density of 450 g · m�3 and
with salinity of 14 ppt. 

Pond water was taken from a commercial pond
stocked with P. monodon (20 ind. per m2) using a closed
bioaugmented culture system at day 87 of culture.  The
pond was located at the Brackishwater Aquaculture Center
and has a salinity of 26 ppt. 

The pathogen Vibrio harveyi (0728-26 isolate) was
obtained from the water of a commercial semi-intensive
shrimp farm located in Central Philippines.  Polymerase
chain reaction (PCR) technique was used to confirm the
identity of the pathogen (Maeda et al. 2002).  A single
colony of Vibrio harveyi was inoculated in nutrient broth
and cultured overnight at 25°C with mild shaking.  The
density of the bacteria was determined by spectrophoto-
metric reading at OD600 following the procedures out-
lined by Sarmasik and Chen (2003).

Glass flasks with a capacity of 1 L were filled with 750
mL of �green water� collected from the broodstock and
juvenile tanks and pond water.  Containers filled with fil-
tered boiled seawater served as negative control.  Each con-
tainer was provided with continuous aeration and lighting.
The set-up was placed at the Microbiology Laboratory of
the Institute of Aquaculture, University of the Philippines
in the Visayas.  

Six h after stocking of water, the containers were inoc-
ulated with V. harveyi to a final density of 103 cfu · mL�1.
The following formula was used to determine the volume
of bacterial suspension to be added into the containers to
yield a desired density of 103 cfu · mL�1.

Two experimental runs maintained for 7 days were 
carried out.  Triplicates per treatment were undertaken for
each experimental run.

Water samples for bacterial and phytoplankton counts
were taken in each container 1 h before inoculation of V.
harveyi, 24 h after and every other day until termination on
the 7th day.

Samples (10 mL) for bacteriological count were col-
lected using autoclaved (121°C, 15 min) bottles.  One mL
of the water sample was serially diluted 10-fold up to the
5th dilution using autoclaved 1% saline solution.  Repre-
sentative dilutions were plated in three replicates onto
nutrient agar (NA; Merck) with 1.5% w/v (weight/vol-
ume) sodium chloride (NaCl) for the total bacterial count
and thiosulfate citrate bile salt sucrose agar (TCBS; BBL)
for presumptive Vibrio count.  Agar plates were incubat-
ed for 18�24 h at room temperature (ca. 30°C).  Total bac-
terial (counted on NA plates) and presumptive Vibrio
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(counted on thiosulfate-citrate bile salt agar TCBS) counts
were determined after incubation.  Luminous bacteria
were counted on NA plates in a darkened room for obser-
vation of luminescence.

Water samples (5 mL) for phytoplankton analysis were
taken from the collected �green water� and pond water.
No phytoplankton samples were taken from the control
since filtered boiled seawater was used.  Phytoplankton
estimation, characterization and identification followed
the procedures of Bold and Wynne (1985).  Count esti-
mates were made with standard methods using a Neubauer
haemocytometer counting chamber.

Results of the bacterial counts were analyzed using
analysis of variance (ANOVA) and Tukey test at 95% con-
fidence level using SYSTAT version 8 (Chicago, Illinois).

RESULTS
The mean luminous bacterial counts of the water sam-

ples as counted in the dark room on NA plates are pre-
sented in Fig. 1.  Luminous bacteria in the �green water�
obtained from the broodstock tank were not detected after
day 1.  The luminous bacterial counts in pond water and
control were reduced to below detectable levels on day 3
and by day 5 in the �green water� obtained from juvenile
tank.  Luminous bacterial counts in the �green water� from
broodstock tank were significantly different (P < 0.05)
from other water samples on day 1 and the �green water�
obtained from juvenile tank on day 3.

There was no significant difference (P > 0.05) in the
total bacterial counts among treatments from initial sam-
pling until termination on day 7.  The mean total bacteri-
al counts of the samples from four treatments are shown in
Fig. 2.  Total bacterial counts varied from day to day. 

The presumptive Vibrio count (growth on TCBS agar)
of samples from the four treatments is shown in Fig. 3.
The initial presumptive Vibrio counts in �green water�
obtained from juvenile tank and pond water were signifi-
cantly different (P < 0.05) from the control and �green
water� obtained from broodstock tank.  Presumptive Vib-
rio counts in the control were significantly different (P <
0.05) from other water samples from day 3 to day 7.  The
presumptive Vibrio count was generally highest in the con-
trol and lowest in the �green water� obtained from brood-
stock tank. 

The number of green colony-forming vibrios in the
water samples is presented in Fig. 4.  The number of green
colonies in the �green water� obtained from broodstock
tank was significantly different (P < 0.05) from other
water samples on day 3 and continued until day 7.  The
number of green colony-forming vibrios was generally
highest in the �green water� obtained from juvenile tank
and lowest in the �green water� obtained from broodstock
tank.

The phytoplankton counts in the �green water� ob-
tained from broodstock tank, juvenile tank and pond water
are shown in Tables 1, 2, and 3, respectively.  Chlorella sp.
was the most abundant (>80% in abundance) species of
phytoplankton in all treatments and was present through-
out the duration of sampling. 

DISCUSSION
Previous studies have shown that green water from

Tilapia hornorum, Oreochromis niloticus hybrid, Chanos
chanos, and Epinephelus coioides exerted significant anti-
luminous vibriosis effect (Tendencia et al. 2004, Ten-
dencia et al. 2006).  The present study demonstrated that
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Fig. 1.  Luminous bacterial count in water samples after inoculation with 103 cfu · mL�1 Vibrio harveyi; line points with different
letters at the same day of sampling indicate significant difference at P < 0.05 (n = 3)
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�green water� obtained from broodstock tank of Oreo-
chromis mossambicus possessed anti-luminous Vibrio fac-
tors and these results further add to increasing information
on the role of green water in controlling luminous vibrio-
sis in shrimp aquaculture.  This gives a scientific basis on
the practice of most shrimp farmers, i.e., venturing poly-
culture of shrimp with O. mossambicus or to pump water
from reservoir containing O. mossambicus into shrimp
ponds, with the purpose of controlling luminous vibriosis.

Lowest populations of presumptive Vibrio count and
percentage green colony-forming vibrios in the �green
water� from the broodstock tank of O. mossambicus are

indicators that there was an effective control of V. harveyi
in the water.  Luminous bacterial count was reduced to a
non-detectable level in the control and pond water on day
3, and this is attributed to the adaptation of Vibrio harveyi
to switch off bioluminescence or to enter into a non-cul-
turable state when conditions are not favourable to their
optimum growth (Ramaiah et al. 2002).  In the present stu-
dy, a static system was used, such that there was no chance
of nutrient inflow in the system.  This leads to depletion
of the nutrients needed to support bacterial growth.  Ra-
maiah et al. (2002) reported that within 6 hours of initia-
tion of nutrient depletion, luminescence was undetectable
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Fig. 3. Presumptive Vibrio count in water samples after inoculation with 103 cfu · mL�1 Vibrio harveyi; line points with different
letters at the same day of sampling indicate significant difference at P < 0.05 (n = 3)
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Fig. 2.  Total bacterial count in water samples after inoculation with 103 cfu · mL�1 Vibrio harveyi; line points with different let-
ters at the same day of sampling indicate significant difference at P < 0.05 (n = 3)
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from both microcosms (10 ppt and 35 ppt) of V. harveyi.
Duncan et al. (1994) observed bioluminescence to persist
up to 5�6 days following inoculation of the water sample
with greater than 4 × 108 culturable cells · mL�1 of Vibrio

harveyi in nutrient-depleted microcosm.  It is likely that
light production is directly proportional to cell concentra-
tion (Dunlap 1995) since in the experiment the concentra-
tion of inoculated Vibrio harveyi was 1 × 103 cfu · mL�1
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Fig. 4.  Green colony-forming vibrios  in water samples after inoculation with 103 cfu · mL�1 Vibrio harveyi; line points with dif-
ferent letters at the same day of sampling indicate significant difference at P < 0.05 (n = 3)
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Table 1

Algal count of �green water� obtained from broodstock tank after inoculation with 103 cfu · mL�1 Vibrio harveyi

Algae
Cell count [cells · mL�1]

Initial Day 1 Day 3 Day 5 Day 7

Chlorella sp.* 3.25 × 104 3.5 × 104 1.25 × 105 1.73 × 105 2.75 × 104

Dictyosphaerium sp. 1.25 × 104 1.25 × 104 1.5 × 104 7.5 × 103 2.5 × 103

Coelosphaerium sp. 7.5 × 103 0 0 0 0
Ankistrodesmus sp. 0 2.5 × 103 0 5 × 103 0
Chroococcus sp. 0 0 1.25 × 104 0 0
Gloeocapsa sp. 0 0 0 5 × 103 0
Golenkinia sp. 0 0 0 5 × 103 0

*most dominant species with 81.8% abundance

Table 2

Algal count of �green water� obtained from juvenile tank after inoculation with 103 cfu · mL�1 Vibrio harveyi

Algae
Cell count [cells · mL�1]

Initial Day 1 Day 3 Day 5 Day 7

Chlorella sp.* 1 × 105 1.6 × 105 1.3 × 105 1.1 × 105 5.5 × 104

Microcystis sp. 5 × 103 1.25 × 104 7.5 × 103 0 0
Chroococcus sp. 1.25 × 104 7.5 × 103 5 × 103 0 0
Dictyosphaerium sp. 1.5 × 104 2.5 × 104 7.5 × 103 1 × 104 2.5 × 103

Golenkinia sp. 2.5 × 103 2.5 × 103 0 0 0
Scenedesmus sp. 1.5 × 104 0 2.5 × 103 0 0
Gloeocapsa sp. 1.25 × 103 0 2.5 × 103 0 2.5 × 103

* most dominant species with 81.4% abundance
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and luminescence was undetectable in the pond water and
control on day 3 until termination. 

It is hypothesized that the kinetics of V. harveyi lumi-
nescence in the different treatments is attributed to the
presence or absence of nutrients in the system.  In the
absence of tilapia no nutrient was added to treatments in
the form of faeces and uneaten feeds, hence, the nutrient
was depleted during the experiment.  Nutrient depletion in
the control and pond water may have occurred between
days 2 and 3, as luminescence was not observed thereafter.
Similarly, the �green water� obtained from the juvenile
tank, which had luminescence on day 3, low nutrient con-
dition may have occurred between days 4 and 5.

Another interesting finding was the delayed inhibition
of luminescence in the �green water� obtained from the
tank stocked with juveniles compared with the tank con-
taining broodstock.  It is not clear what the underlying
mechanisms are involved, but it is hypothesized that the
associated microflora in the �green water� or the mucus
secretions produced by the fish may have an effect on the
inhibition of luminous V. harveyi.  Although, these factors
were not tested in the present study, however, it was pre-
viously shown that in a related species of tilapia, T. horno-
rum the associated microflora in �green water� and its epi-
dermal mucus secretions had the ability in controlling lu-
minous vibriosis (Lio-Po et al. 2005).  We can speculate
that the inhibition of luminous vibriosis in �green water�
obtained from the broodstock tank might be due to the
quantity and quality of the mucus secretions present in the
water.  Fish mucus contains many antibacterial substances
including anti-bacterial peptides, lysozyme, lectins, and
proteases (Ellis 2001).  Chong et al. (2005) characterized
the protein in epidermal mucus of discus fish and showed
a higher amount of parental mucus as compared to juve-
nile mucus.  Low mucus production due to a not fully fun-
ctional immune system in juvenile tilapias may not offset
the antagonistic action of V. harveyi and this could explain
the delayed inhibition of the pathogen as indicated by the
persistence of luminescence in �green water� from the
juvenile tank that lasted until day 3.  This clearly demon-
strates that the �green water� from the juvenile tilapia is
not as effective as the �green water� from the broodstock
tilapia in the inhibition of V. harveyi.  Future studies will

deal with testing the antimicrobial properties of the mucus
of O. mossambicus and to delve into the molecular aspects
of determining the types of genes present in the skin and
underlying layers that regulate antibacterial effects.

In an earlier study, Chlorella sp. reduced the popula-
tion of V. harveyi from 103 cfu · mL�1 to 0 after 48 h of
exposure (Tendencia and de la PeZa 2003).  In addition,
Lio-Po et al. (2005) reported that Leptolyngbia sp. caused
a 94�100 percentage-point reduction of the luminous
Vibrio population from 104 down to 101 cfu · mL�1 and
Chaetoceros calcitrans exerted complete inhibition (104

down to 0 cfu · mL�1) at 24 h post exposure.  However, in
the present study it was shown that though Chlorella sp.
was the most abundant phytoplankton species in the treat-
ments tested, no apparent anti-luminous vibriosis effect
was contributed by this phytoplankton.  This needs further
study to resolve the conflicting findings and to exactly
determine the role of Chlorella in inhibiting luminous vib-
riosis in shrimp aquaculture.  

CONCLUSIONS
1. Luminous V. harveyi was not detected in �green water�

obtained from broodstock culture tank of O. mossam-
bicus.

2. Lowest populations of presumptive and pathogenic
vibrios were observed in green water from broodstock
culture tank of O. mossambicus.

3. Broodstock of O. mossambicus is a better source of
�green water� than juveniles in the initial control of V.
harveyi. 

4. The microalga, Chlorella sp. is the dominant species in
�green water� obtained from broodstock culture tank of
O. mossambicus.

5. O. mossambicus is a viable alternative to T. hornorum
as a source of �green water� for the initial control of
luminous vibriosis in shrimp aquaculture. 
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Table 3

Algal count of pond water after inoculation with 103 cfu · mL�1 Vibrio harveyi

Algae
Cell count [cells · mL�1]

Initial Day 1 Day 3 Day 5 Day 7

Chlorella sp.* 3.5 × 105 3.06 × 105 2.5 × 105 1.7 × 105 1.6 × 105

Chroococcus sp. 5 × 103 0 0 0 0
Oscillatoria sp. 1.1 × 105 6.75 × 104 3 × 104 2.5 × 103 0
Gloeocapsa sp. 0 5 × 103 2.5 × 104 0 0

*This is the most dominant species with 83.5% abundance
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