
Introduction

Dugong (Dugong dugong) is a species of herbivore
in the sea, possessing a long colon, 8.6–11.5 times
longer than its body size (Kamiya et al., 1979). Like
other hindgut mammals the dugongs evolved their
body requirement for growth and maintenance by
grazing sea grasses (Cork et al., 1998; Erftemeijer et
al., 1993; Preen, 1995). Dugongs digest plant cell
walls in the cecum and proximal colon (Murray et al.,
1977), and a high concentration of short-chain fatty
acids (SCFA) such as acetate, propionate, and bu-
tyrate, was reported in the cecum and large intestine
of a dead dugong. 109–1010 colony forming units g�1

each of starch-, lactate-, cellobiose-, pectin-, xylan-,

and cellulose-utilizing bacteria, sulfate-reducing bacte-
ria and methane-producing bacteria was previously
detected in the fecal samples of a captive dugong at
Toba Aquarium, showing extensive microbial degrada-
tion of cellulolytic and non-cellulolytic components of
eelgrass (Goto et al., 2004b). The total SCFA concen-
tration was produced by 10.5 mmol dl�1 of 55.7 mol%
acetate, 18.0 mol% n-butyrate and 15.1 mol% propi-
onate after 36 h incubation. However, the analysis of
the microbiota of the digestive tracts is limited in cul-
ture-based approaches, especially due to environmen-
tal differences between inherent and artificial growth
conditions.

The first attempt to keep a dugong (Dugong dugong)
in captivity was in the United States of America in
1955, when a male dugong was transported from
Palau Island, Micronesia, to San Francisco. It survived
for only 45 days at the Steinhart Aquarium. Many sub-
sequent attempts have been made by many countries
and institutions to keep dugongs. Examples include
the Central Marine Fisheries Institute (India), Puket
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Marine Biological Center (Thailand), Yongon Zoo
(Myammar), Jaya Ancol Oceanarium (Indonesia) and
Cairns Oceanarium (Australia). Most of these attempts
to keep dugongs in captivity were short-lived and
many difficulties were encountered. From four
dugongs brought from the Philippines to Toba Aquar-
ium (Japan) from 1979 to 1987, a 28-year-old male
and a 21-year-old female were still alive in 2007 (Toba
Aquarium, 1995). Feeding data of these captive
dugongs have been continuously recorded since the
two dugongs were infants.

In this study a captive female dugong at Toba
Aquarium was examined to describe the microbiota of
its lower digestive tracts using the molecular- biologi-
cal technique, a culture-independent method. The phy-
logenetic analysis of bacterial 16S rRNA genes was
conducted for fecal samples, which were taken at 3
different periods.

Materials and Methods

Animal and sampling. Fecal samples were col-
lected from a captive female dugong in Toba Aquarium
(Age: 21 years old in 2007; body weight: 345 kg),
which was kept and fed eelgrass (Zostera marina)
under the control conditions (water temperature at
28°C and natural lighting) as described previously
(Goto et al., 2004a). The samples were taken at 3 dif-
ferent periods, namely May 2000, October 2004, and
August 2005, by applying fingertip pressure to the uro-
genital area of the female dugong floating on its back
without pool water or any other contaminant. The sam-
ple in a 20 ml polypropylene container was stored at
�80°C until further processing.

Extraction and purification of DNA. A 0.5 g of sam-
ple was randomly collected from inner and outer por-
tions of a couple pieces of fecal samples, and the DNA
purification of the sample collected in the year 2000
was performed according to a chemical procedure of
the QIAamp DNA Stool Mini Kit (Qiagen, Germany)
(sample A in Table 1) and that of the samples collected
in 2000, 2004, and 2005 (sample B, C, D, respectively,
in Table 1) was by a physical procedure described by
Godon et al. (1997).

According to the method of Godon et al. (1997), a
solid portion of the fecal sample was collected by cen-
trifugation and suspended in 500 m l of 4 M guanidine
thiocyanate-0.1 M Tris (pH 7.5) and 75 m l of 10% N-lau-
royl sarcosine. Two hundred fifty microliters of this ma-

terial was transferred to a 2-ml screw-cap polypropyl-
ene microtube, which contained 500 m l of 5% N-lauroyl
sarcosine-0.1 M phosphate buffer (pH 8.0) and 0.38 g
of 0.1 mm diameter silica beads previously sterilized.
This tube was then incubated at 70°C for 1 h and
shaken 2 times at maximum speed for 45 s each,
using a Fast Prep FP100A Instrument (Qbiogene).
Polyvinyl polypyrrolidone (15 mg) was added to the
tube, which was vortexed and centrifuged for 3 min 
at 13,000�g. After recovery of the supernatant, the
pellet was washed with 500 m l of TENP (50 mM

Tris [pH 8], 20 mM EDTA [pH 8], 100 mM NaCl, 1%
polyvinyl polypyrrolidone) and centrifuged for 3 min at
13,000�g, and the new supernatant was added to 
the first supernatant. The washing step was repeated
three times. The pooled supernatants (about 2 ml)
were split between two 2-ml tubes. Nucleic acids were
precipitated by the addition of 1 volume of isopropanol
for 10 min at room temperature and centrifuged for
3 min at 13,000�g. Pellets were resuspended and
pooled in 450 m l of 100 mM phosphate buffer (pH 8),
and 50 m l of 5 M potassium acetate. The tube was
placed on ice for 90 min and centrifuged at 13,000�g
for 30 min. The supernatant was transferred to a new
tube containing 20 mg of RNase (1 mg/ml) and incu-
bated at 37°C for 30 min. Phenol-chloroform-isoamyl-
alcohol (25 : 24 : 1) was added, mixed for 5 min, and
centrifuged for 5 min at 13,000�g. Nucleic acids were
precipitated by the addition of 50 m l of 3 M sodium ac-
etate and 1 ml of absolute ethanol to the supernatant.
The tube was incubated for 5 min at room temperature,
and the nucleic acids were recovered by centrifugation
at 15,000�g for 5 min. The DNA pellet was finally
washed with 70% ethanol, dried, and resuspended in
100 m l of TE buffer. Recovered DNA was purified using
AutoSepTM G-50 (Amersham Pharmacia Biotech).

16S rDNA amplification, cloning and restriction frag-
ment length polymorphism. Two universal primers,
27F (5� AGAGTTTGATCCTGGCTCAG 3�) and 1492R
(5� GGTTACCTTGTTACGACTT 3�) were used in PCR
to amplify the 16S rRNA coding region (rDNA). The
amplification reaction was performed using the follow-
ing program: 20 cycles consisting of 96°C for 10 s,
53°C for 10 s., 72°C for 4 min, and a final extension
period of 72°C for 10 min. PCR products were cloned
into the plasmid vector pCR2.1 and competent Esch-
erichia coli INVa were transformed using a TA-cloning
kit (Invitrogen), according to manufacturer’s instruc-
tions.
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The inserted DNA region was amplified by the PCR
with the set of primers. PCR products were digested
with HaeIII restriction endonuclease and grouped by
the pattern of band on an acrylamide gel electrophore-
sis.

Sequence analysis and nucleotide sequence acces-
sion number. The representative of the groups was
sequenced using a DYEnamic ET Terminator Cycle
Sequencing Kit (Amersham Biosciences). The nu-
cleotide products and their sequences were analyzed
on a DNA analyzer system (ABI PRISM 3100, Applied
Biosystems) and with BLAST search (http://www.ncbi.
nlm.nih.gov/BLAST/). All near-full-length sequences
were tested for possible chimeric structures. Chimeras
were detected by the RDP analysis service Check_
Chimera (Larsen et al., 1993).

Clone 16S rDNA sequences, their closest relatives
identified from database searches, and appropriate
type strain sequences were aligned with Clustal W
(Thompson et al., 1994) and phylogenetic trees were
constructed by the neighbor-joining method (Saitou
and Nei, 1987) with Clustal W. The near-full-length
16S rDNA sequences have been deposited in the
DDBJ database under accession numbers AB218288
to AB218350 and AB264058 to AB264084.

Results

A total of 709 16S rRNA genes, nearly complete se-
quences averaging 1,500 bp, were obtained from the
dugong’s fecal sample. Only one of the sequences
was identical with Catabacter hongkongenesis HKU16,
indicating that the study was far from defining the full
extent of the taxonomic diversity contained within the
libraries (Table 1).

Based on phylogenetic analysis of these sequences,
the representatives of six bacterial phyla could be
identified: Actinobacteria, Bacteroidetes, Firmicutes,
Lentisphaerae, Proteobacteria (delta subclass) and
Verrucomicrobia. The vast majority (83.1%) of the se-
quences were affiliated with Firmicutes. Except for
one, none of the sequences matched any 16S rRNA
gene sequence that was derived from a previously cul-
tivated species, and therefore the majority of the se-
quences that were obtained in this study represented
microbial species previously uncharacterized. In many
cases, there were nearest matched clones to the 16S
rRNA genes of uncultured bacteria from pig and
human digestive tracts detected previously. Figures 1

to 4 show the phylogenetic deductions among one of
the taxonomic units affiliated with Clostridium, which
was divided into 19 major clusters (Collins et al.,
1994). The majority (386 clones) of our sequences
was associated with these clusters, primarily with Sub-
cluster XIVa (186 clones), which includes Clostridium
polysaccharolyticum and Eubacterium xylanophilum.
Similarly, large numbers of sequences were associ-
ated with Cluster IV (85 clones) and Cluster I (68
clones). Small numbers of the sequences were associ-
ated with Cluster III (11 clones), Cluster IX (20 clones)
and Cluster XI (16 clones).

The similarity in the patterns of compositional per-
centage of the major three groups, Mollicutes (34–
37%), and Clostridium rRNA clusters I (12–19%) and
IV (14–28%) was observed between the above-men-
tioned commercial kit and procedures described by
Godon et al. (1997) for bacterial DNA extraction, as
sampled in May 2000 (Sample A and B, Table 1).

Variations in patterns of the compositional percent-
age of clones detected were observed between fecal
samples of May 2000 and October 2004 or August
2005, showing a drastic shift of major groups from
Mollicutes and Clostridium rRNA Clusters I and IV in
the year 2000 to Clostridium rRNA Subclusters XIVa
and Cytophaga-Flexibacter-Bacteroides in the years
2004 and 2005.

Discussion

The first attempt to describe the bacterial biota in
fecal contents of the dugong was carried out using
16S rDNA library analysis and suggested the exist-
ence of bacterial species newly found not only in the
digestive tract but also in natural field.

The nearest species from BLAST search were gas-
trointestinal bacteria from pigs (Leser et al., 2002), hu-
mans (Derrien et al., 2004; Dewhirst et al., 2001), mice
(Dewhirst et al., 1999; Ley et al., 2005; Salzman et al.,
2002), and wild herbivores (Nelson et al., 2003). They
were also the bacteria in the rumen and intestinal di-
gestive tract of dairy cattle (Tajima et al., 1999), al-
though it was of low similarity.

In general, the bacterial biota in the digestive tracts
of terrestrial and marine herbivores can vary depend-
ing the digestion mode and system, which is repre-
sented by fore stomach fermentation and hindgut fer-
mentation. As the library of fecal clones found in this
study was compared with that of the microbiota in di-
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Fig. 1. Phylogenetic tree of cloned 16S rRNA genes and their closest relatives-1.
The tree was created using the neighbor-joining method with Clustal W. The numbers on the tree indicate bootstrap

values for the branching points. The sequence data for closest relatives were obtained from the DNA databases (Gen-
bank/EMBL/DDBJ). Clone names, dgA, dgB, dgC, and dgD were sequenced in this study (See in Table 1).
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Fig. 2. Phylogenetic tree of cloned 16S rRNA genes and their closest relatives-2.
See the legend to Fig. 1 for explanation.
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Fig. 3. Phylogenetic tree of cloned 16S rRNA genes and their closest relatives-3.
See the legend to Fig. 1 for explanation.
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Fig. 4. Phylogenetic tree of cloned 16S rRNA genes and their closest relatives-4.
See the legend to Fig. 1 for explanation.
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Fig. 5. Phylogenetic tree of cloned 16S rRNA genes and their closest relatives-5.
See the legend to Fig. 1 for explanation.



gestive tract of dairy cattle, a fore stomach fermenter,
there were differences in the compositional percentage
of the clones between the dugong’s fecal contents and
contents of the rumen and feces of dairy cattle. The
composition of the Firmicutes phylum was higher for
the dugong’s fecal contents (83.1%) as compared 
to those of cattle’s ruminal contents (52.4%), while 
the lower composition of Cytophaga-Flexibacter-Bac-
teroides of the dugong (15.0%) was observed as com-
pared to the cattle (38.1%, Tajima et al., 1999). A large
difference of microbiota in fecal contents of the dugong
and cattle was also observed for the compositional
percentage of Clostridium rRNA Cluster IV (12% and
46%), while that of Cytophaga-Flexibacter-Bacteroides
was similar for both animals (Ozutsumi et al., 2002).

In contrast, the similar compositional percentages of
Firmicutes, Cytophaga-Flexibacter-Bacteroides, and
Clostridium rRNA Subcluster XIVa were observed for
the dugong and horse, hind gut fermenters, for which
the latter showed values of 72%, 20%, and 37%, re-
spectively (Daly et al., 2001). There was a similar ob-
servation of the mirobiota in human vegetarian feces,
which showed 90.7% of Fermicutes, 59.6% of Clostrid-
ium rRNA Subcluster XIVa, and 6.0% of Cytophaga-
Flexibacter-Bacteroides (Hayashi et al., 2002b). How-
ever, no bacterial species contributing to the fiber
degradation in the proximal colon was identified in this
study, suggesting that the fiber-degrading bacteria,
such as Ruminococcus albus, Ruminococcus flavefa-
ciens, and Fibrobacter succinogenes, may be a minor
species, at least less than detection levels. One hun-
dred and eighty-six of the clones were found to belong
to Subcluster XIVa, which includes large numbers of
butyrate-producing bacteria and Ruminococcus sp.
Since the higher proportion of butyric acid in the intes-
tinal contents and cultures of feces of dugongs as com-
pared to that of other animals was previously observed
(Goto et al., 2004b; Murray et al., 1977), some of the
bacteria in the Subcluster XIVa may be associated
with decomposition of the fiber and butyric acid gener-
ation. Some clones in Cluster IV were comparatively
closer to Ruminococcus flavefaciens, although there
was no evidence of similarity (�97%) with the known
fiber-degrading bacteria. In previous study, 109–1010

colony forming units g�1 of cellulose-utilizing bacteria
were detected under a culture method (Goto et al.,
2004b). The Cluster IV and XIVa population might ac-
count for cellulose-utilizing bacteria population.

Within the same group of hindgut fermenters includ-

ing the horse, manatee, and dugong, the bacterial flora
may be varied according to several complicated fac-
tors. The major ones are species, age, habitat, eating
habit, digestive tract, and tract position. The large ca-
pacity of cecum, proximal colon, and distal colon in the
dugong (Kamiya et al., 1979) can therefore induce dis-
persive bacterial biota of the individual, consistent with
the complexity of the establishment of the microbiota
in the digestive tract which was indicated for human
feces (Hayashi et al., 2002a; Kageyama and Benno,
2000) and pigs (Simpson et al., 2000). Simpson et al.
(2000) reported distinct differences of the bacterial
biota in feces of the pigs produced from the same par-
ent and fed the same diets. Thus, detailed compar-
isons of the compositional percentage of the micro-
biota in the digestive tract of different animal species
are needed not only in the literature but also in experi-
ments of their nutrition, digestion, and metabolisms.

Large differences of the bacterial biota were also 
observed between samples collected in May 2000 
and October 2004 and/or August 2005. In May 2000,
Mollicutes (34–37%), nearest to Bulleidia moorei
AHP13983 (Downes et al., 2000; Kageyama and
Benno, 2000), was decreased in 2004 or 2005. It was
not clear whether it was due to seasonal variations,
which can be associated with seasonal variations in
chemical compositions and digestion potential of eel-
grass fed, or changes of the physiological and/or di-
gestion metabolism of the dugong, which can be asso-
ciated with aging of the animal. There was, however,
no report that the feeding and holding conditions at
Toba Aquarium greatly changed in last several years
or that, except for immature animals, the bacterial
biota in the digestive tracts of grass-eating animals
greatly changes with aging. As indicated by severe po-
larizations of the bacterial biota of the captive dugong,
in which one phylotype occupied over 30% of the total
in the samples of this study, a sole feeding of eelgrass
at the aquarium would be easily reflected in the micro-
biota of the dugong. Thus, greater quantitative and
qualitative variations of the microbiota in the hindgut
between captured and wild-living dugongs should be
certainly expected.

In this study, the whole biota of the dugong feces
was characterized by 16S rDNA library sequence, indi-
cating the presence and new findings of unknown
species in the hindgut of the dugong. Technical proce-
dures for bacterial DNA extraction used in this study
were also relevant to overcome differences of cell wall
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structure such as gram-positive and gram-negative
bacteria in the fecal samples of a dugong. Further re-
search is needed to isolate and elucidate the function
and activity of each colony, especially in relation to
fiber digestion of this marine herbivore.
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