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Abstract 

The bacteriology of sediment was studied at two farms and mangrove habitats on 
the Clarence River, Australia, from 1990 to 1995. Penaeus monodon was grown 
semi-inten­sively at both farms. Accumulated sediment was removed between crops at one 
farm while it was spread over pond bottoms at the other farm. Spatial and temporal 
distributions of vibrios were not significantly different between the farms, with maximum 
levels occurring in the center of ponds during times of peak temperature and feed rate. 
Vibrio levels in pond sediment were usually an order of magnitude higher than in 
mangrove sediment. Vibrios levels in mangrove sediment near effluent canals were also 
significantly higher than those from mangrove sites 2 km from the farms. Both farms had 
similar spatial and temporal patterns for sulfate-reducing bacteria. As for heterotrophic 
bacteria, no significant difference was found for farm type or location on pond bottom. It 
was concluded that a) drying sediment between crops temporarily reduced vibrios and 
sulfate-reducing bacteria; b) removing accumulated sediment did not reduce vibrios, 
sulfate-reducing bacteria or het­erotrophic bacteria; and c) levels of vibrios and 
sulfate-reducing bacteria were better biologi­cal indicators of pond health and 
environmental conditions than heterotrophic bacteria. It is hypothesized that the 
bacteriology of pond sediments is largely driven by input of pelleted feed, ambient 
temperature and limiting levels of oxygen.



Introduction 

Vibriosis is a form of bacterial septicaemia which is one of the most com­

mon and serious diseases in the culture of Penaeus monodon and other 

shrimp (Bell and Lightner 1992; Anon. 1994a). It occurs in all countries which 

c ulture shrimp and the mos t frequent causative agents are Vibrio 

parahaemolyticus, V. alginolyticus, V. harveyi and V. vulnificus (Lightner 

1996). Vibrio infections are generally thought to occur when either stresses in 

the environment or primary pathogens, such as viruses, weaken the shrimp's 

immune system, leading to fatal secondary infection (Lightner 1983; Flegel et 

al. 1992; Fulks and Main 1992; Nash et al. 1992; Mohney et al. 1994; 

Lightner 1996). However, some researchers report that some highly virulent 

vibrios are the primary causative agents in outbreaks of mass mortalities (Muir 

1990; Lee et al. 1996; Lightner 1996). 

Smith (1993) reported that levels of vibrios were 50 to 100 times higher 

in pond sediment than in pond water at Australian shrimp farms, hence the 
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Sediment samples were collected in 100-ml sterile plastic containers with 
sufficient water to keep the sediment moist. Samples were processed within 3 
hrs of collection by mixing with a clean glass rod, withdrawing 0.5 ml of 
moist sediment with a sterile pipette, homogenizing in 4.5 ml of sterile 
seawater and transferring into tenfold serial dilutions. 

Detennining abundance and speciation of bacteria 

Levels of viable heterotrophic bacteria and presumptive Vibrio spp. were 
determined by counting the colonies which grew on plates of Marine Agar 
(Difeo Laboratories) and TCBS (Oxoid), respectively, inoculated with diluted 
sediment samples (Cameron et al. 1988). Also, isolates of vibrios were randomly 
selected and subcultured from plates with less than ten colonies (i.e. highest 
dilutions). Vibrio isolates were classified according to key diagnostic traits 
(Baumann and Schubert 1984). Comparisons were made between the vibrio 
counts for duplicate sets of TCBS plates grown aerobically and anaerobically (in 
hydrogen and carbon dioxide gas). 

Levels of dissimilatory sulfate-reducing bacteria were determined by 
counting the colonies that grew on plates of selective agar as well as by 
estimating the most probable number (MPN) from broths with poised redox 
potential and 2.5% NaCl. The agar and broth were both based on Medium E 
(Postgate 1984) and the method described by Pankhurst (1971). Plates and 
broths were inoculated with duplicate diluted samples and incubated at 300C 
in anaerobic jars (in hydrogen and carbon dioxide gas) for at least 30 days. 
Because counts from agar plates were between 3 and 20 times higher than 
those for broths, the results presented here were calculated from plates only. 

Levels of bacteria are quoted in colony forming units per ml of sediment 
(cfu mJ-1). The means and standard error of the means are presented in 
accompanying tables and figures. Student's t-test was used to detect differences. 

Results 

Vibrionaceae 

Fig. 1 shows that levels of vibrios in prawn pond sediment increased 
significantly during the growout season, with the highest values measured in 
week 16 (2.6xl06 ± 0.4xl06 cfu mJ-1, n=95). Vibrio levels in the sediment 
increased slightly during the same period to 2.4xl05 ± 0.2xl05 cfu mJ-1 
(n=60) in mangrove habitats Fig. 2 shows that average levels of vibrios in pond 
sediment have a similar seasonal pattern at farm A and farm B. 

At the start of the 1992-93 season, the vibrio levels were measured in 
ponds that had been dried for 12 weeks between crops. Levels of vibrios in 
pond sediment were below detectable limits of 100 cfu/ml (n=6) at both farms. 
However, in ponds which had been dried for a similar period but filled with 
river water to a depth of 400 mm for 48 hr, levels of vibrios in pond sediment 
averaged 1.0xl06 ± 0.3xl06 cfu mJ-1 (n=9) at Farm A, and 8.0xl05 (n=3) at 
farm B. 
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Fig. 3. Average levels of vibrios in sediment from mangrove habitats. Samples were from sites 
near farms and far from farms during the growout seasons 1990-1995. 

farms, the levels of vibrios were usually not signillcantly different (P>0.05). In 

week 16 at farm A, the levels of vibrios were significantly higher (P<0.05) in 

the centre of ponds than in other areas (Fig. 4). At farm B, the levels 20 m 
from the wall were higher than other areas, but not significantly higher than 
in the centre (Fig. 5). By week 27, levels of vibrios at both farms were 

highest 20 m from the wall. 
In the 1995-96 season, farm A applied a commercially available brand of 

beneficial bacteria at a rate recommended by the supplier. Vibrio levels were 
55xl0 5 ± 22xl05 cfu mP (n=6) in ponds which had been treated throughout 
the season, while vibrio levels averaged 70xl0 5 ± 2lxl05 cfu mi-1 (n=l2) in the
untreated ponds (P>0.05). Also, the farmer reported that at the end of the sea­

son, there had been no obvious difference in growth rates or survivals 
between treated and untreated ponds. 

Vibrio vulnificus was the most common species found in prawn pond 

sediment, accounting for 30% of all isolates (n=l39). In total, the group of V.

vulnificus, V. algi,wlyticus, V. harveyi and V: parahae,nolyticus, accounted for 

63% of isolates. The dominance by that group was more pronounced in farm 
A (79%, n=74) than in farm B (45%, n=65). This group also 
dominated at all three sampling points on the pond bottom, with 63% of 

isolates (n=43) at sites 5m from the wall, 64% (n=49) at sites 20 m from the 

wall and 62% (n=47) in the center of ponds. 

Sulfate-reducing bacteria 

Average levels of dissimilatory sulfate-reducing bacteria in pond sediment 
increased dramatically from week 1 to 5 at both farms, with the highest 
levels being recorded in week 11 (Table 2). Highest levels of sulfate-reducing 
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Of 30 black colonies randomly selected from TCBS plates during the sea­
son, 20% were identified as vibrios (V. alginolyticus, V. campbelli, V. 

splendidus II, V. harveyi, V. nigripulchritudo, V. Fischeri), 40% were tenta­
tively identified as Flavobacterium spp., 16% were non-vibrio types and 14% 
did not grow when subcultured. Only 12% of the 30 isolates retained the black 
color when re-cultured on TCBS agar. Black colonies were also frequently iso­
lated on TCBS agar from mangrove sediment (14 ± 4% of colonies, n=35), from 
surface scrapings of seagrass leaves fouled with epiphytes and silt as well as 
from the hepatopancreas of shrimp. 

Heterotrophic bacteria 

The average level of heterotrophic bacteria at farm A was 10.9 x 108 ± 0.5 
x 106 cfu ml·1 (n=95), which was significantly higher (P<0.05) than the average
level of 8.2 x 106 ± 0.6 x 106 cfu ml·1 (n=49) at farm B. Fig. 6 shows the sea­
sonal changes in levels in heterotrophs in pond sediment at the two farms. 

Prior to the 1992-93 season at farm A, the levels of heterotrophic bacteria in 
pond sediment were measured in ponds that have been dry for 12 weeks. Levels of 
heterotrophic bacteria were 2.4xl06 ± 0.5xl06 cfu mJI (n=6). However, in ponds that 
have been dry for a similar period but have been filled with river water to a depth of 
400 mm in the previous 48 hr, levels averaged 16.0xlOS ± 2.6xl06 cfu mJI (n=9),
which was significantly higher (P<0.01) than those in the dry ponds but comparable 
to levels found during growout (Fig. 6). 

Levels of heterotrophic bacteria in mangrove sediment were usually lower 
than levels in shrimp ponds (Fig. 6). In mangroves near the farms, levels of 
heterotrophs in sediment averaged 3.2xl06 ± 0.4xl06 cfu ml'1 (n=46) while, in 
mangroves far from the farms, levels were 3. 7xl06 ± 0.3xl08 cfu ml'1 (n=42). 

Discussion 

Limitations of the study 

The study focused on the ponds at two shrimp farms and the mangrove 
habitats on the Clarence River. To minimize variations between seasons and 
temporary local aberrations, measurements were made over five growout 
periods using replicates and a range of representative sites. While attempts 
were made to ensure that the farms which were selected were similar in most 
respects (apart from the practice of removing sediments between crops), the 
results could have been affected by other less obvious factors, such as daily 
differences in feeding rates, fertilizing and water exchange rates. Also, although 
the mangrove sites were chosen so that they were similar in most respects 
(except for their distance from the farms), it is possible that factors unrelated 
to shrimp farming, were impacting on the sites. Therefore, results from 
comparable studies by other researchers are needed before the findings 
described here can be generalized. 

Another limitation was the reliance of the study on traditional plate and 
broth techniques. Unfortunately, viable counts from culture techniques 
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rates were high, vibrio levels were lowest around the periphery of the ponds at 

both farms. However, there was less than an order of magnitude difference 
between rates at the three locations at any time (Figs. 4, 5). The enrichment 

of the sediment by the input of feed and decaying algal blooms are likely to be 
the main cause for these general increases. 

Because of the pivotal role that vibrios play in shrimp health and 
breakdown of organic matter as well as the relative ease with which TCBS 

counts of pond sediment can be made, it is suggested that the level of vibrios 

in sediment is a useful biological indicator of pond health. In comparison, the 

level of heterotrophic bacteria was not a reliable indicator of pond oonditions. A 

relatively narrow range was measured for the level of heterotrophic bacteria 

during the growout (Fig. 6) and it was not possible to accurately identify 
effects caused by temperature or feed input. 

Sulfate-reducing bacteria in marine sediments have been reported to 

metabolize 25-50% of the carbon (Hart et al 1996) and the present study 
showed that levels of sulfate-reducing bacteria increased significantly during 

growout. Levels reported here were more than an order of magnitude higher 

than those reported by Suplee and Cotner (1996), suggesting that Suplee and 
Cottner underestimated their results, which were obtained by MPN methods. 
From flux measurements, they estimated peak levels that were more likely to 

be 106 cells mJ-1, which is comparable to the levels obtained here. Suplee and 
Cotner (1996) also found that new ponds initially had lower levels of 
sulfate-reducing bacteria than old ponds, but the difference was lost by the 

17th week of growout. There was a comparable result in the present study. 
Table 2 shows that when sediments were dried between crops in the first week 

of growout, levels of sulfate-reducing bacteria were 100 cfu mJ-1 while, in 
sediment which had not been dried sufficiently, levels of sulfate-reducers were 
significantly higher. However,-by week 11, all ponds had similar levels. 

Sulfate-reducing bacteria are also a useful biological indicator of pond 

health because of the strong links between them and decreases in available 
oxygen in the sediment (Suplee and Cotner 1996) , input of feed and 

deterioration of pond sediment through an increase in level of sulfides (Masters 
and S/Jlith 1995, 1996). 

The regular growth of black colonies on TCBS agar from samples taken 
from pond sediments, mangrove sediments and other sources is of particular 

interest. Black colonies on TCBS agar plates have been presumed to be 

sulfate-reducing vibrios (Cropp and Garland 1988) but this study found 

numerous strains of facultive anaerobes which were capable of reducing sulfate. 

Table 3 showed that the sulfate-reducing facultive anaerobes occurred 

throughput the growout at significant levels in all locations in pond sediment. 

The lowest levels were measured towards the end of the growout, but the 

number of samples taken in this period was small, so little significance oould 
be attached to this result. 

Significantly, the ponds used in the present study have been used for 
shrimp farming for more than two years before the start of the study, hence 

the ponds could be categorized as aged. In this case, when the accumulated 

sediment is removed (as in farm A), the sediment which remained would 
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contain nutrients and organic matter from previous seasons. This factor could 
have contributed to the similarity in the levels of the three types of bacteria 
which were investigated between the farms (Tables 2, 3 and Figs. 2, 4, 5, 6). 

Bacterial processes in pond sediments 

The bacterial processes in the sediment and benthic layer can be 
categorized into photosynthesis, breakdown of organic wastes and nutrient 
recycling. As for photosynthesis, benthic cyanobacteria can be the dominant 
photosynthetic organisms in shrimp ponds (New and Rabanal 1985), though it 
has been argued that this is undesirable because some types of cyanobacteria 
are capable of producing toxins which are harmful to shrimp (Lightner 1978; 
Smith 1996b). 

The processes of degrading organic matter and recycling nutrients are 
carried out under a combination of anaerobic and reduced conditions. Suplee 
and Cotner (1996) reported that the oxygen demand rate for shrimp pond 
sediment was considerably higher than for natural systems and the rate was 
determined by input of feed. Smith (1996a) reported redox potentials of -160 
m V in the sediment in the periphery of shrimp ponds and -368 m V in the 
central regions. These conditions, which are generated by bacteria in the 
sediment, also select for the type of bacteria which can inhabit the sediment 
and the outcomes of bacterial processes. For example, the breakdown of 
organic matter by dissimilatory sulfate-reducing bacteria requires anaerobic 
conditions and redox potentials< -150 mV (Postgate 1984) and produces toxic 
forms of sulfur (H2S). In ammonification, bacteria decompose nitrogen 
containing wastes and release ammonia which is also toxic to shrimp. 
Furthermore, the solubility, reactivity and oxidation state of metals and 
nutrients in reduced sediments would be significantly different from those for 
oxidized sediments. 

In a related part of this study, the chemical and physical characteristics 
of sediment in shrimp ponds at farms A and B were also investigated (Smith 
1996a). That study found that the accumulating sediment is a complex mixture 
of quartz, feldspar and clay minerals (70-80%); amorphous oxides of silicon, 
iron and aluminium (5-10%); organic matter and volatile compounds (5-10%); 
and elevated trace metals and nutrients. Although input of pelleted feed, feces 
and decaying plankton enriched the sediment, it was found that the main 
source of the sediment was soil which was eroded from the walls and periphery 
of ponds. 

Because that study also found that there was no significant difference in 
the organic content and the nutrient levels of sediments between farms A and 
B (Smith 1996a), it was hypothesized that microbial processes stabilized these 
levels in both farms. Hence, Smith (1996a) concluded that the practice of re­
moving accumulated sediments had no significant effect on the chemical and 
physical characteristics of the sediment. The finding of the present stuay that 
removing sediments did not reduce levels of vibrios or sulfate-reducing bacteria 
provides further evidence to support the hypothesis that bacterial processes in 
the sediment drive conditions in pond sediments at semi-intensive shrimp 
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Conclusions 

A comparative study of two commercial shrimp farms revealed that the 

practice of removing accumulated sediments between crops had no effect on the 

spatial and temporal distributions of vibrios in pond sediments. Maximum 

levels of vibrios occurred in the center of ponds during times of peak 

temperature and feed rate. Also, removing sediment had no effect on the 

spatial and temporal patterns for sulfate-reducing bacteria. 

Vibrio levels in shrimp pond sediment were usually an order of magnitude 

higher than in mangrove sediment. Also, vibrio levels in mangrove sediment 

near effluent canals were significantly higher than those from mangrove sites 

2 km from farms. 

It was concluded that a) drying sediment between each crop reduced levels 

of vibrios and sulfate-reducing bacteria at the start of growout; b) removing 

accumulated sediment did not reduce levels of vibrios, sulfate-reducing bacteria 

or heterotrophic bacteria; and c) levels of vibrios and sulfate-reducing bacteria 

were better biological indicators of pond and environmental conditions than 

heterotrophic bacteria. It is hypothesized that the bacteriology of pond 

sediments in semi-intensive shrimp farms is largely driven by a combination of 

three dominant factors, namely, input of pelleted feed, ambient temperature 

and limiting levels of oxygen. 
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