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Abstract
To study Vibrio-like bacteria associated with P. monodon larvae, samples were taken
from backyard hatcheries in Jepara, Indonesia, during the dry and rainy seasons (July and December, respectively) of 1995. Bacterial identification of the isolates was performed using
BIO LOG and FAME fingerpr ints. Do minant bacter ial strains w ere identified as V.
alginolyticus, V. damsela, and V. harveyi, while some of the non-Vibrio species were identified
as Brevundimonas-like bacteria. Vibrio species were found at different larval stages, during
both the dry and rainy seasons and in both diseased and healthy larvae. The study supported
the idea that Vibrio species are part of the residential microflora in P. monodon larvae and
that the growth of V. alginolyticus and V. harveyi is promoted by water quality conditions
during the rainy season.

Introduction
The Indonesian shrimp farming industry has grown rapidly over the
last 20 years. In fact, Indonesia even became the second highest shrimp producing country in the world in 1994 (Chamberlain 1991; Rosenberry 1997).
However, failures in shrimp production occurred. Shrimp production of
140,000 metric tonnes in 1994 dropped to 90,000 metric tonnes in 1996
(Rosenberry 1997). Diseases, caused mostly by bacteria, viruses, and fungi,
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were believed to be the cause of production problems which occured in
hatcheries and growout ponds (Ruangpan and Kitao 1991).
Gram negative bacteria which are predominant in marine environments
(Farmer and Hickman-Brenner 1992) are also present as normal flora in cultivated and wild penaeid marine shrimp (Lightner et al. 1992). Negative interaction between shrimp larvae and bacteria often causes diseases, which
lead to rapid mass mortality of the larvae. While a number of bacterial species have been implicated as agents causing infections and diseases in
penaeid shrimp, reports of infections by Vibrio species are by far the most
numerous (Lightner 1988; Lightner 1993).
In order to characterise Vibrio-like bacteria in Indonesian marine
shrimp larviculture, bacterial strains were isolated from Penaeus monodon
larvae derived from six private (back yard) shrimp hatcheries on the Java
island (around Jepara). This is the most developed shrimp larviculture area
in Indonesia (Yap 1990; Sunarjanto et al. 1992). In order to verify whether
there is a seasonal variation in the bacterial microbiota of these hatcheries,
samples were taken in July and December 1995, during the dry and rainy
seasons, respectively.

Methods
Collection of samples and isolation of dominant bacteria
Either one, two, or three samples were taken from each hatchery.
Samples of 10 shrimp larvae of the same age were taken in a sterile beaker
from one larval culture tank, using a sterile pipette transfered to a sterile
microwell containing 10 ml sterile saline solution (SS 1.5% w/v NaCl) for
rinsing. Rinsing was performed three times afterwhich, the larvae were immediately macerated and homogenised in a sterile glass potter containing 1
ml saline solution. Serial dilutions were made up to 10-3 using saline solution.
The larval suspensions were plated on Thiosulphate Citrate Bile Sucrose Agar (TCBS, Difco), a selective medium for Vibrio and related bacteria
(Nash et al. 1992), and incubated at 27 ºC for 24-48 hours.
Purification and storage of the isolates
According to the colony shape and morphology, the three most dominant colony types of each sample were purified on TCBS and incubated at
a temperature of 27 ºC. The pure strains were kept on TCBS and transferred at weekly intervals to marine agar (MA) slants. The MA was made
from 38 gr Marine Broth (MB, Difco) and 25 gr technical agar diluted with
aquadest to be 1 liter.
At the Laboratory of Microbiology, University of Ghent, Belgium, the
strains were plated on MA and strain purity was checked. Pure strains
were suspended in Marine Broth (MB, Difco) supplemented with 20% (w/v)
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glycerol and stored in a liquid nitrogen container at -140 ºC (Verdonck et
al. 1997).
Characterisation of the isolates
A gram staining test was performed to identify gram negative and gram
positive strains, using the method described by Smibert and Krieg (1981),
and only the gram negative strains were used in this work. After the initial
test, the gram negative strains were characterized using BIOLOG metabolic
fingerprints (Austin et al. 1995a; Verdonck et al. 1997; Vandenberghe et al.
1997).
Identification was performed by comparing the BIOLOG profiles with a
database of BIOLOG fingerprints of approximately 850 Vibrio strains and 37
Vibrio type strains, mostly of aquaculture or marine origins. The comparison
used numerical analysis which was calculated using the Pearson product moment correlation coefficient. The strains were then grouped according to the
unweighted pair-group cluster analysis (Vauterin et al. 1995).
Unidentified strains were further analysed using cellular Fatty Acid Methyl Esters (FAME), as described by Verdonck et al. (1997). The FAME profiles were compared to a laboratory database of reference strains for identification.

Results
Identification of strains
Fifty six gram negative bacterial strains were collected from the larvae
of penaeid shrimp (Penaeus monodon) in Jepara, Indonesia; 25 strains were
isolated during the dry season and 31 strains during the rainy season.
Based on BIOLOG identification, two groups of bacteria were distinguished; Vibrio species (39 strains) and unidentified gram negative bacteria
(17 strains). When the FAME procedure was used for identification of the
unidentified bacteria, 10 strains (unidentified cluster STD3-236 strains) belonged to Brevundimonas-like bacteria, while 7 strains remained unidentified. Vibrio species were found in the dry and rainy seasons, while
Brevundimonas-like bacteria were found only in the dry season. Dendrogram
of bacterial strains derived by cluster analysis of BIOLOG data are presented in Figures 1 and 2.
The Vibrio group comprised three species; V. alginolyticus, V. damsela,
and V. harveyi, and one group of unidentified Vibrio strains. V. harveyi was
the most frequently isolated followed by V. alginolyticus and V. damsela.
The first two species tended to be associated with all the larval stages, while
V. damsela was isolated only from the post larval stages. All of the identified Vibrio bacteria were associated with both healthy and diseased larvae.
Distribution of the bacterial strains during the dry and rainy seasons is
presented in Table 1.
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Fig. 1. Dendogram of isolated
strains
together
with
some
reference strains obtained after
numerical analysis of BIOLOG
profiles for the isolation carried
out during the dry season.

Table 1. List of members and types of bacteria isolated during the dry (D) and rainy (R) seasons.
Bacteria

Sampling
seasons

Number
of isolates

Vibrios bacteria:
Vibrio alginolyticus
Vibrio harveyi
Vibrio damsela
Vibrio spp.

D
R
D
R
D
R
D
R

3
9
4
11
4
3
5

D
R
D
R

10
1
6

Non vibrios bacteria:
Brevundimonas-like bacteria
Unidentified bacteria

Notes :Most of the strains were isolated from the post larval stage. Only one Vibrio strain was
isolated from the zoeal stage and 3 Brevundimonas-like strains from the mysis stage.
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Fig. 2. Dendogram of isolated
strains together with some
reference strains obtained after
numerical analysis of BIOLOG
profiles for the isolation carried
out during the rainy season.

Seasonal variations
In order to examine the seasonal effects on the occurrence of the isolated bacteria in growing shrimp larvae from hatcheries, percentage occurrence of all the isolates was calculated in Table 2. Vibrio strains constituted
the majority of the isolated bacteria (69.6%) which were isolated during
both the dry and rainy seasons. Nevertheless, the numbers during the rainy
season were higher than during the dry season. Two vibrio species, V.
alginolyticus and V. harveyi, were dominant. They constituted 64.52% of the
bacteria isolated during the rainy season, but only 28.0% during the dry
season. Interestingly V. harveyi strains were isolated from both healthy and
diseased larvae during the dry season, but they were isolated from the diseased larvae only during the rainy season.
Other species, V. damsela and Brevundimonas-like bacteria, were isolated only during the dry season. Brevundimonas-like bacteria constituted
the majority (58.8%) of the non-Vibrio bacteria.

Discussion
This work showed that Vibrio species were commonly associated with
shrimp larvae. They accounted for 56.0% and 80.6% of all the strains isolated on TCBS during the dry and rainy seasons, respectively.
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Table 2. Occurrence of bacteria in the dry and rainy season samples.
Sampling
Name of bacteria

Dry season
N
%

Rainy season
N
%

Total
N

%

-

10

17.9

35.5
29.0
-

15
12
4

26.8
21.4
7.1

1
3
2
2

1.8
5.3
3.6
3.6

Brevundimonas-like

10

40.0

-

Vibrio harveyi
Vibrio alginolyticus
Vibrio damsela
Vibrio spp.
- cluster STD3-194
- cluster STD3-348
- cluster STD3-565
- cluster STD3-571

4
3
4

16.0
12.0
16.0

11
9
-

1
1
1

4.0
4.0
4.0

2
2
1

1
-

4.0
-

4
1
1

13.0
3.2
3.2

1
4
1
1

1.8
7.1
1.8
1.8

25

100.0

31

100.0

56

100.0

Unidentified
- cluster STD3-199
- cluster STD3-556
- cluster STD3-559t1
- cluster STD3-580
Total

6.45
6.45
3.2

Notes: N is the number of isolates.

Although there are more than 30 currently recognized Vibrio species
(Farmer 1992), only three species were clearly identified in this work. Vibrio
species are considered as part of the normal flora of sea water and can invade marine animals (Olsen et al. 1995). Infection with one or more species
of Vibrio is called vibriosis, which may sometimes be manifested as systemic
diseases in both humans and animals (Egidius, 1987).
Our results show that Vibrio strains came from different larval stages
and from the larvae of different health status. These findings support the
idea that Vibrio species are part of the normal bacterial flora for marine
penaeid larvae and that they may cause diseases as opportunistic pathogens
under stress conditions. Stress, which either lowers the resistance of the
host or enhances the effects of pathogens on the host, is an important factor
in the disease process (Lightner et al. 1992).
Vibriosis is feared by hatchery managers and tended to breakout in
Japara (Indonesia) during the rainy season, between November and February
(Prayitno and Latchford, 1995). Heavy rains in Jepara and in the surrounding
area reduce salinity, increase pH, and lower the temperature of hatchery intake water. Changing water conditions have been supposed to cause excessive
growth of Vibrio bacteria (Sunaryo and Mariam, 1986). Since the occurrence of
Vibrio was higher during the rainy season than during the dry season, it appeared that the rainy season promoted the occurrence and excessive growth of
these bacteria particularly V. harveyi and V. alginolyticus.
V. harveyi has been described as a marine pathogenic luminous or
nonluminous bacterium (Farmer and Hickman-Brenner 1992). Infections of
luminescent bacteria can cause diseases leading to weakness and death of
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the animal host. Mortality of Penaeus monodon larvae infected with luminescent bacteria has been reported in some hatcheries in Indonesia, in Thailand, and in the Philippines (Lightner et al. 1992). Experimental infections
of V. harveyi performed by Lavilla-Pitogo et al. (1990) and Prayitno and
Latchford (1995) resulted in high mortalities of P. monodon larvae. V.
harveyi, according to Song et al. (1990), is rather endemic and may become
an opportunistic pathogen under special conditions. In this work, V. harveyi
strains were found only among diseased larvae during the rainy season.
V. alginolyticus, the second most frequently isolated bacterium here
(21.4%), is very common in the marine environment and is a normal part of
the microflora of pond and raceway-reared shrimp (Lightner 1988). Its effect
on the growing larvae is rather unclear. It has been reported to be a pathogen for P. monodon larvae (Nash et al. 1992). Nevertheless, experimental
work conducted by Austin et al. (1995b) showed that the bacterium could be
used as a probiotic for limiting the development of fish pathogens such as
Aeromonas salmonicida, V. anguillarum and V. ordalli.
V. damsela is a pathogenic bacterium that can cause lesions in both
warm and cold blooded marine animals (Fouz et al. 1995). This bacterium,
together with V. harveyi and V. alginolyticus, was implicated in disease outbreaks in shrimp larvae during the dry season in Jepara, since it was not
found during the rainy season. Nevertheless, it appeared as a minority
(7.4%) of the total isolated strains.
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