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The relative isolation and unique physical properties of the Savusavu Hot Springs in Fiji may yield unique thermo-
philes. This study was conducted to determine the presence of aerobic thermophilic bacteria in these hot springs. A
total of 104 thermophilic bacterial isolates were characterized and using Thermus and Bacillus strains as controls,
58% of the isolates were identified as Anoxybacillus flavithermus, 19% as Geobacillus stearothermophilus/Bacillus
licheniformis, 10% as Thermus sp. TG153 and 10% as Thermus sp. TG206. Four isolates were unique in their molec-
ular patterns suggesting there may be novel bacteria in the Savusavu hot springs.
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The Savusavu Hot Springs are the most extensive and

active hot springs in Fiji. There are inter-tidal hot springs

scattered for about a kilometer along the north coast of the

Savusavu peninsula towards the eastern bay. There are also

major hot springs located on land, approximately 165 meters

from the shore in a hollow depression1,4). A significant fea-

ture of these hot springs is that they show both daily and sea-

sonal variations in activity. Thus, the microbial composition

of the springs may also show significant variation.

Not much is known of the microorganisms present in these

hot springs. The only recorded work is that conducted by

Hudson6) who isolated a Thermus strain from the Savusavu

beach (Fiji3) and compared it with various isolates from New

Zealand and Icelandic hot pools7). Hudson found that the

isolate from Fiji did not fall into any of the three major clus-

ters in their results and so concluded that different thermal

regions have different insular phenotypes.

Fiji is an isolated island nation, the formation of the

islands and its hot springs resulting from volcanic activity,

without interference from any nearby continent or major

island. Therefore, the thermophiles that are present in these

hot springs could have unique evolutionary lineages that are

not found in other parts of the world. Such hot springs have

often been regarded as the equivalent of island ecosystems in

that their relative isolation and unique physical properties

can support novelty and biodiversity in the colonizing flora.

In the case of the Savusavu springs, this feature is further

enhanced by the closeness of the tidal flow, the daily varia-

tion in activity, and in some instances, the diurnal flooding of

the springs with seawater. This introduces unique constraints

on bacterial development and makes these springs particu-

larly interesting environments for study, as they may yield

some novel thermophiles. This is the first detailed micro-

biological study of the Savusavu Hot Springs, which aims to

characterize thermophilic biodiversity using culture-depen-

dent techniques.

Combined sediment and water samples were collected

from the Savusavu Hot Springs in sterile wide-mouthed glass

bottles and transported to the laboratory, where they were

maintained in water baths at a temperature of 65°C until fur-

ther analysis later on the same day. In situ measurements of

temperature and pH were taken to create a profile of the hot

spring. The hot springs were located in Nakama, Savusavu,

Vanua Levu, Fiji (16°44'48''S, 179°21'30''E). Microorgan-

isms were isolated by direct streaking on Nutrient agar

plates12) at pH 7 and incubating at 65°C for 24 hours. Individ-

ual colonies were picked and pure cultures obtained for bio-

chemical characterization.

The bacteriological and biochemical characterization were

conducted according to the methods of Nair9). These were

total plate counts, temperature tolerance test, Gram staining,

endospore staining, motility tests, Kovac’s oxidase, oxida-

tion/fermentation and catalase tests. Extracellular and hydro-

lytic enzyme (amylase, lipase and gelatinase) production was

screened by streaking pure thermophilic bacterial cultures

onto nutrient starch agar (NSA)3), nutrient gelatine agar

(NGA)13) and nutrient lipid agar (NLA)14) plates, and observ-

ing zones of clearing.

DNA extraction was performed using the CTAB chloro-

form/isoamyl alcohol method2), and the concentration was

determined using a Nanodrop ND 1000 Spectrophotometer

(Nanodrop Technologies, USA). DNA was used as the tem-

plate in PCRs with primers EubA and EubB11) designed to

amplify the eubacterial 16S rRNA gene. PCR products were

digested with EcoRI and HaeIII and analyzed. Bacterial cul-

tures used as positive controls were of thermophiles from

New Zealand hot pools kept at the Thermophile Research

Unit (University of Waikato, New Zealand) and included

the following: Anoxybacillus flavithermus (DSM 2641),
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Geobacillus stereothermophilus strain (ATCC 12980),

Bacillus licheniformis (DSM 8785), Thermus sp. strain

Rt41.A (NCBI taxon identifier 32063), Thermus sp. strain

TG 275 (TRU HS5.A1), Thermus sp. strain TG 206 (TRU

ZV1D.A2), Thermus sp. strain TG 153 (TRU HWB.A1) and

Thermus sp. strain TG351 (ATCC 31674).

The pH of the Savusavu Hot Springs was within a range of

6.5–7.5. The temperature varied according to the activity of

the springs, ranging from 66 to 102°C.

Table 1 shows that thermophile numbers (determined by

total plate counts: aerobic incubation at 75°C using nutrient

agar medium12) for 48 hours) in the Savusavu Hot Springs

vary significantly with the different seasons. During Septem-

ber to November, the springs have a minimum population

level. Also, during this time, there is a lot of rainfall, which

could result in the dilution and washing off of thermophiles.

This is reflected in the low number of thermophiles as com-

pared to January and March, when the springs are at peak

activity/water flow and there is little rainfall.

The lowest growth temperature for the isolates obtained

from the Hot Springs was 45°C and growth was evident up to

85°C, with very weak growth seen at 90°C. Growth was

determined by the degree of turbidity of thermophilic micro-

bial cultures in nutrient broth. This indicates that there are

obligate and facultative aerobic thermophiles present in the

hot springs.

The isolates could tolerate a salinity of 0.1% up to 3.0%,

and a pH of 5–8, meaning that they are near neutral pH

thermophiles. Although the Savusavu Hot Springs are

located very close to the sea, the above results indicate that

there is no mixing of seawater with the underground hot

spring waters. This was also confirmed by the chemical anal-

ysis of the hot spring waters4).

As shown in Table 2, most of the isolates obtained

were Gram positive (76.9%), had the ability to produce

endospores (51%), and were motile (71.2%). Catalase and

oxidase activity was also detected, with approximately 4% of

isolates also exhibiting fermentative activity. Levels of extra-

cellular amylase, lipase and gelatinase activity varied.

Of the isolates analyzed, 60% gave restriction patterns that

were similar to Anoxybacillus flavithermus (DSM 2641),

20% were similar to Geobacillus stearothermophilus (ATCC

12980), 10% were similar to Thermus sp. strain TG 206

(TRU ZV1D.A2) and 10% were similar to Thermus sp. strain

TG 153 (TRU HWB.A1). Four of the thermophilic bacterial

isolates that were obtained from the Savusavu Hot Springs

did not match DNA patterns of any of the comparative cul-

tures used. These strains have very different restriction pat-

terns from the type strains they were compared with. These

were the isolates labeled as strain 70C8, strain 70C35, strain

70C37 and strain 75C19. Their unique DNA band patterns

are shown in Figs. 1–3. Fig. 1 shows the DNA patterns of

strain 70C8, strain 70C35 and strain 70C37 after digestion

with EcoRI, while Fig. 2 shows the patterns of the same

isolates after digestion with HaeIII. Fig. 3 shows the unique

pattern formed by the fourth isolate; strain 75C19; after

digestion with EcoRI.

The molecular analysis showed that all of the identified

thermophiles have been found previously in other hot springs

around the world. This was also the case for the isolates

obtained at 85°C, as their DNA bands matched isolates

Table 1. Thermophilic bacterial load and physical conditions of the
Savusavu Hot Springs at different times of the year

Sampling 
Date

Avg. load of 
Thermophilic 

Bacteria 
(cfu mL−1) n=3

SD of 
cfu values

Temp. of 
pool water 

(°C)

pH of 
pool water

September 
2005

960 1.6 60.5 7.0

November 
2005

1260 3.2 63.0 7.5

January 
2006

12200 6.6 70.0 6.5

March 
2006

21600 5.3 73.0 6.5

Table 2. Morphological and physiological characteristics of the
thermophilic bacterial isolates from Savusavu Hot Springs,
Fiji

Characteristics Percentage

Morphological:

Gram positive 76.9

Gram negative 19.2

Gram variable 3.8

Endospore producers 51

Endospore absent 49

Motile 71.2

Immotile 28.8

Biochemical:

Catalase positive 86.5

Catalase negative 13.5

Oxidative 59.6

Fermentative 4.04

Physiological:

Amylase producers 81.7

Amylase negative 16.3

Lipase producers 11.5

Gelatinase producers 23.1

Fig. 1. EcoRI/React 3 showing unique bands for the thermophilic
strains 70C8, 70C35 and 70C37 in lanes 13, 14 and 16, respectively.
Lanes: 1, DNA ladder; 2, CN; 3, Thermus sp. strain RT 41 A; 4, Thermus

sp. strain TG 275; 5, Thermus sp. strain TG 206; 6, Thermus sp. strain
TG 153; 7, Thermus sp. strain TG351; 8, strain 70C57; 9, strain 70C61;
10, strain 70C64; 11, strain 70C65; 12, strain 70C66; 13, strain 70C8;
14, strain 70C35; 15, strain 70C60; 16, strain 70C37; 17, DNA ladder.
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obtained at 70°C and the comparative cultures. However,

these known strains are of significance in industry and

applied science. Geobacillus stearothermophilus spores are

commonly included among the materials being autoclaved in

industries. Death of the spores indicates the autoclave is

functioning properly and sterilization was successful8).

Recently, it has also been shown that Geobacillus stearo-

thermophilus has very high cadmium ion adsorption poten-

tial and can be used for metal mobilization in the environ-

ment (such as the contamination of drinking water). It can also

be used to improve waste treatment of polluted water and

soil5). Thermus spp. TG153 (Thermus sp. strain HWB.A1)

and TG206 (Thermus sp. strain ZV1D.A2) have significant

casein and tributyrin hydrolytic properties. Anoxybacillus

flavithermus has been the subject of study for its gelatinases,

which are used in gelatin processing10). In addition, the four

strains with variant DNA patterns might be novel bacteria

with possibly useful properties.

This study shows that there are industrially important ther-

mophilic bacteria present in the Savusavu Hot Springs. Fur-

ther work is underway to conduct a complete profile of the

microbial community in these hot springs using culture-inde-

pendent methods.
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Fig. 2. HaeIII/React 2: 16S rDNA PCR showing unique bands in
thermophilic strains 70C8, 70C35 and 70C37 in lanes 15–18. Lanes: 1,
DNA ladder; 2, CN; 3, Thermus sp. strain RT 41 A; 4, Thermus sp.
strain TG 275; 5, Thermus sp. strain TG 206; 6, Thermus sp. strain TG
153; 7, Thermus sp. strain TG 351; 8, strain 70C57; 9, strain 70C61; 10,
strain 70C64; 11, strain 70C65; 12, strain 70C66; 13, DNA ladder; 14,
DNA ladder; 15, strain 70C8; 16, strain 70C35; 17, strain 70C37; 18,
strain 70C60.

Fig. 3. EcoR1/React 3 showing unique band in thermophilic strain
75C19 in lane 20. Lanes: 1, Thermus sp. strain RT 41 A; 2, Thermus sp.
strain TG 206; 3, Thermus sp. train TG 351; 4, strain DNA ladder; 5,
strain CN; 6, strain ATCC 12980; 7, strain DSM 2641; 8, strain 75C4;
9, strain 75C9; 10, strain 75C10; 11, strain 75C11; 12, strain 75C12; 13,
strain 75C13; 14, strain 75C14; 15, DNA ladder; 16, strain 75C15; 17,
strain 75C16; 18, strain 75C17; 19, strain 75C18; 20, strain 75C19.


