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Abstract

Dugongs (Dugong dugon) are marine mammals
that obtain nutrients through hindgut fermentation
of seagrass, however, the microbes responsible
have not been identified. This study used dena-
turing gradient gel electrophoresis (DGGE) and
454-pyrosequencing to profile hindgut bacterial
communities in wild dugongs. Faecal samples
obtained from 32 wild dugongs representing four
size/maturity classes, and two captive dugongs
fed on cos lettuce were screened using DGGE.
Partial 16S rRNA gene profiles of hindgut bacte-
ria from wild dugong calves and juveniles were
grouped together and were different to those in
subadults and adults. Marked differences between
hindgut bacterial communities of wild and captive
dugongs were also observed, except for a single
captive whose profile resembled wild adults fol-
lowing an unsuccessful reintroduction to the
wild. Pyrosequencing of hindgut communities
in two wild dugongs confirmed the stability of
bacterial populations, and Firmicutes (average
75.6% of Operational Taxonomic Units [OTUs])
and Bacteroidetes (19.9% of OTUs) dominated.
Dominant genera were Roseburia, Clostridium,
and Bacteroides. Hindgut microbial composi-
tion and diversity in wild dugongs is affected by
ontogeny and probably diet. In captive dugongs,
the absence of the dominant bacterial DNA bands
identified in wild dugongs is probably dependent
upon prevailing diet and other captive conditions
such as the use of antibiotics. This study repre-
sents a first step in the characterisation of a novel
microbial ecosystem—the marine hindgut of
Sirenia.
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Introduction

The dugong (Dugong dugon) is a large (up to
600 kg), fully marine mammal belonging to the
order Sirenia (Marsh et al., 1978). Dugongs and
the three species of related manatees are unique
in that they are the only herbivorous marine
mammals (Murray et al., 1977). Inhabiting the
warm, shallow waters of the Indo-Pacific region,
dugongs feed almost exclusively on benthic sea-
grasses (Johnstone & Hudson, 1981; Lanyon &
Sanson, 2006b). Several studies have reported that
dugongs prefer to forage on low fibre Halophila
and Halodule genera compared to more fibrous
Zostera and Cymodocea (e.g., Preen, 1992;
Lanyon & Marsh, 1995; Yamamuro & Chirapart,
2005), a preference attributed to differences in the
dugong’s ability to digest these seagrass species
(Lanyon & Sanson, 2006a, 2006b)

Dugongs digest seagrasses through hindgut
fermentation in their greatly enlarged colon
(greater than 30 m length) (Murray et al., 1977,
Lanyon & Marsh, 1995) and are unusual in that
they lack the well-developed, enamelled dentition
typical of mammalian hindgut fermenters
(Lanyon & Sanson, 2006a, 2006b). Instead,
they possess soft mouthparts that are unable to
properly masticate high fibre seagrasses but can
effectively comminute low fibre species (Lanyon
& Sanson, 2006a, 2006b). Dugongs are also
atypical hindgut fermenters as they retain forage
for extended periods (6 to 7 d) within their long
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hindgut (Lanyon & Marsh, 1995). During the
dugong’s slow gut passage, Murray et al. (1977)
reported elevated fibre digestibility in the order of
80 to 90% compared to 70% in terrestrial hindgut
fermenters (Flint & Bayer, 2008). Differences in
the digestibility of seagrasses have been reported,
with Halophila and Halodule genera almost
completely (> 85%) digested and the more fibrous
Zostera and Cymodocea species approximately
60% digested (Murray et al., 1977). These
anatomical and physiological adaptations of the
dugong therefore appear to correlate with dietary
preferences for low fibre seagrasses (Lanyon,
1991; Preen, 1992).

The continued preference for seagrass species by
dugongs may have led to the evolutionary selection of
unique hindgut microbial species capable of effective
seagrass fibre digestion. However, no studies to
date have examined the gastrointestinal microbial
community of dugongs (Reynolds & Rommel,
1996), with the exception of a 16S rRNA gene library
produced from the faeces of a single captive dugong
(Tsukinowa et al., 2008). As an essential first step in
the characterisation of a potentially novel hindgut
microbial ecosystem, the present study utilised
denaturing gradient gel electrophoresis (DGGE) to
investigate the composition of hindgut microbiomes
of 32 wild dugongs representing various age classes
(i.e., calf, juvenile, subadult, and adult) captured in
Moreton Bay, Queensland, and two captive dugongs
held at Sea World in Queensland. A preliminary
snapshot of the phyla and genera of bacteria present
was obtained from 454-pyrosequencing the hindgut
contents from two wild dugongs. We hypothesised
that captive dugongs maintained on an artificial diet
would have microbial populations distinct to those
of wild animals.

Materials and Methods

Samples from Wild Dugongs

A mark-recapture program to examine the ecol-
ogy and population dynamics of dugongs in
Moreton Bay, southeast Queensland, has been
conducted since 2000 (Lanyon et al., 2002, 2006).
In this program, individual dugongs have been
captured and tagged, and faecal samples, uncon-
taminated by seawater, have been obtained by
insertion of a soft latex tube into the distal rectum
of each animal (Lanyon et al., 2002, 2006). Faecal
samples (2 to 10 g) were stored at -20° C until
further analysis. Over the course of this program,
faecal samples have been collected from over 200
individual dugongs, although not all samples were
suitable for DNA extraction. To obtain a repre-
sentative sample of wild dugongs of both sexes
and varying size classes, faecal samples from four
dugongs of each size class and of both sexes were

randomly selected (N = 32). Size classes were
based on total body length measurements as fol-
lows: non-neonatal calf in second or later season
accompanied by cow, < 200 cm; juvenile, 201
to 240 cm; subadult, 241 to 260 c¢m; and adult,
> 260 cm (Lanyon et al., 2010; Burgess et al.
2012a, 2012b).

Samples from Captive Dugongs

Fresh faecal samples from two captive dugongs
raised at Sea World, Queensland (recently relo-
cated to Sydney Aquarium, New South Wales)
were collected opportunistically throughout their
periods of captivity and archived at -20° C. Both
captive dugongs were orphaned and entered cap-
tivity as young calves: the male was approxi-
mately 1 wk old upon capture in November 1998,
and the female was approximately 2 wks old upon
capture in January 2005. Both dugongs were bot-
tle-fed on low-lactose milk for 1.6 y. Following
weaning, leafy vegetables (principally cos [or
romaine] lettuce and some cabbage) and sea-
grasses (Halophila and Zostera species) at lesser
quantities were offered; however, their preference
was cos lettuce. Faeces collected from wild dug-
ongs in Moreton Bay were administered orally to
both calves in an attempt to establish a healthy
gastrointestinal microbial community. The cap-
tive female was inoculated once post-weaning,
and the male both before and after weaning, and
twice (December 2002 and September 2005) after
recapture from the wild as an attempt to alleviate
perceived digestive problems.

All faecal samples from captive dugongs were
collected by scooping faeces from the holding
pool soon after defecation or through sampling
faeces directly from beneath the anus during
out-of-water health procedures. Twelve archived
faecal samples were selected to represent key
stages in the dugongs’ development in captivity.
Approximately 3 g of each archived faecal sample
was stored at -20° C until microbial analysis.
To avoid contamination of the faecal surface by
microbes in the pool water, samples for analysis
were taken from the centre of each faecal core.
Analysis of samples was performed blinded, and
the identity and clinical history of the dugong
from which the samples came were revealed only
after completion of microbial analysis.

DNA Extraction

Total microbial DNA was extracted from each
faecal sample using the bead-beating process
described by Yu & Forster (2005). DNA was
then extracted using a commercial kit (QIAGEN
QIAamp DNA Mini Kit 250; QIAGEN Inc.,
Valencia, CA, USA) following the manufacturer’s
instructions.
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PCR Amplification and Denaturing Gradient Gel
Electrophoresis

The variable V2V3 region of the bacterial 16S
rRNA gene was amplified from the total bacte-
rial DNA extracted from each sample (Klieve
et al., 2007) using the 341F-GC (with GC clamp
[italicised]) attached (5° CGC CCG CCG CGC
GCG GCG GGC GGG GCG GGG GCA CGG
GGG GCC TAC GGG AGG CAG CAG 3’) and
534R (5’-ATTACCGCGGCTGCTGG-3’) primers
(Muyzer et al., 1993). Amplicons were separated
by DGGE on an 8% acrylamide DGGE gel with a
linear 30 to 60% formamide/urea gradient. A ref-
erence marker (constructed using a combination of
cultures from common rumen bacteria) was loaded
in three lanes of each DGGE gel. Electrophoresis
was conducted at 100 volts for 18 h in 0.5x TAE
buffer at 60° C and bands on the gel visualised by
silver-staining (Klieve et al., 2007).

DGGE Image Analysis

The diversity and abundance of bacterial groups
present in each dugong hindgut sample were anal-
ysed using BioNumerics software, Version 5.1
(BioSystematica, Ceredigion, Wales, UK) (Héne
et al., 1993). The background was removed, lanes
defined, and bands were assigned in each lane.
Gels were also normalised by the software to
allow comparisons among gels. A dendrogram
was constructed to indicate clustering according
to band pattern similarity among profiles (Hine
et al., 1993). Cluster analysis of hindgut bacterial
community DNA profiles was performed using
the unweighted pair group method with arithmetic
averages (UPGMA) based on the Pearson correla-
tion coefficient; this approach has been determined
as the most appropriate method of analysing rela-
tionships among complex DNA profiles (Hine
et al., 1993; Ferris et al., 2004; Vanhoutte et al.,
2004). The total number of the detected bands on
the DGGE represented the species richness. The
Shannon-Weiner index of diversity was calcu-
lated based on relative band intensity and the total
number of bands per sample following the proto-
col of Spellerberg (2008).

454-Amplicon Pyrosequencing

Two faecal samples were selected for 454-ampli-
con pyrosequencing (wild dugongs W25 and
W29). PCR of the V3/V4 region of the 16S rRNA
gene was prepared to a final volume of 50 pL
with the following reagents and final concentra-
tions: 1 unit of Phusion polymerase (Finnzymes,
Australia), 250 mM 341F fusion primer (5° CCA
TCT CAT CCC TGC GTG TCT CCG ACT CAG-
MID-TAC GGG AGG CAG CAG - 3’ modified
from Watanabe et al., 2001), 250 mM 787R fusion
primer (5’-CCTATCCCCTGTGTGCTTGGCAGT

CTCAGCTACCAGGGTATC TAAT-3’, modified
from DasSarma & Fleischmann, 1995), 200 nM
dNTP mix (Roche, Australia), 1 X’s HF Phusion
buffer, and 20 ng of template DNA. MIDs used were
10 - mer error correcting, as suggested by Roche
(www.roche.com). Thermocyling was performed
using the following conditions: initial denaturation
98° C for 30 s; followed by 30 cycles of 98° C, 10 s;
65° C, 20 s; 72° C, 15 s; followed by a final exten-
sion step at 72° C, 10 min. Amplicons were visu-
alized on an agarose gel, and excised and purified
using the QIAquick gel extraction kit (QIAGEN,
Australia), according to manufacturer’s instruc-
tions, with a modification of the final elution (i.e.,
the sample was eluted in 30 UL of Elution buffer
instead of the recommended 50 pL). Purified PCR
amplicons were sent to the Australian Genomic
Research Facility (AGRF) at The University of
Queensland for pyrosequencing. Data were returned
as unaltered standard flowgram files (sample.sft).
Mothur, Version 1.1.8.0 (Schloss et al., 2009) was
used to convert .sff files into .sff.txt, .fasta, and
.qual files. Filtering of samples was performed
prior to analysis. Data were then processed using
the Quantitative Insights Into Microbial Ecology
(QIIMES) pipeline software (Caporaso et al., 2010).
Data were denoised and chimeras removed prior
to downstream analyses. Operational Taxonomic
Units (OTUs) were defined at the 97% similarity
level and were classified using the Greengenes
library (DeSantis et al., 2006). Alpha diversity mea-
sures were calculated (Shannon-Weiner index and
species evenness).

Results

Variation in the DNA Profiles of Hindgut Bacterial
Communities in Wild Dugongs

Considerable diversity was observed between
the DNA profiles of the hindgut microbiome in
individual wild dugongs, although no clustering
according to sex was apparent. However, cluster
analysis and the resulting dendrogram gener-
ated from pairwise comparisons of all individual
DGGE banding patterns revealed two distinct clus-
ters of profiles sharing approximately 50% band
pattern similarity which corresponded to different
size/maturity classes. One cluster (Cluster II in
Figure 1) contained all subadult and adult profiles
and a single calf profile, whereas the second clus-
ter (Cluster IIT in Figure 1) contained the remain-
ing calf and juvenile profiles. Within Cluster II,
there were only four instances in which animals
showed greater than 80% similarity of banding
profiles (i.e., in these instances there were no sig-
nificant differences between the profiles). There
was more variability between individual calves
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and juveniles in Cluster III, with no two profiles
being identical.

Variation in the DNA Profiles of Hindgut Bacterial
Communities of Captive and Wild Dugongs

DNA profiles of the hindgut community in cap-
tive and wild dugongs were significantly different,
with cluster analysis and the resulting dendrogram
generated from pairwise comparisons revealing
that, with one exception, the profiles from cap-
tive dugongs formed distinct clusters (Clusters I,
IV, V & VI in Figure 1), which exhibited < 30%
similarity with the profiles of wild dugongs.
Hindgut profiles from captive dugongs showed
lower species richness with fewer DNA bands,
representing reduced bacterial diversity. Each
DGGE profile from the captive dugongs, includ-
ing those obtained from the same individual at
different stages throughout its captivity, displayed
large variation in both the number and intensity
of bands. Cluster I contained three profiles from
the captive female dugong (Samples C9, C10 &
C11 in Table 1) generated from faecal samples
obtained at approximately 0.5, 1, and 1.5 y of
age, while she was still being bottle-fed. Cluster
IV contained two DNA profiles from faecal sam-
ples obtained from the captive male dugong at
5.5 and just over 6 y of age (Samples C2 & C3 in
Table 1). Cluster V comprised four DNA profiles
from the male as well as a single profile from the
captive female dugong, obtained shortly after she
was placed in the same enclosure with the male
(Samples C4, C5, C6, C7 & C12 in Table 1).

Cluster VI contained a unique DNA profile from
the captive female dugong, generated from a
faecal sample obtained 1 d after rescue as a young
calf approximately 2 wks of age (Sample C8 in
Table 1). This profile displayed < 20% similarity
to all other hindgut bacterial profiles from cap-
tive and wild dugongs. A single profile from the
captive male dugong at approximately 4 y of age
(juvenile) (Sample C1 in Table 1) clustered with
the profiles from subadult and adult wild dugongs
(Cluster II in Figure 1). This profile displayed
much greater bacterial diversity compared to the
other captive dugong profiles. It was obtained
immediately after recapture following an unsuc-
cessful attempt to reintroduce this animal back
into Moreton Bay, Queensland, in March 2002.

454-Amplicon Pyrosequencing

Two phyla predominated in the hindguts of the two
wild dugongs examined: (1) Firmicutes was the
predominant phylum followed by (2) Bacteroidetes
(Table 2). The next prevalent phyla were
Actinobacteria and Proteobacteria (Table 2).

At the 97% similarity level, 102 OTUs (W25)
and 106 OTUs (W29) were observed at a depth
of 750 sequences (Table 3). Five genera pre-
dominated (Roseburia, Clostridium, Bacteroides,
Sedimentibacter, and Ruminococcus) and accounted
for over 52% (W25) and 51% (W29) of the
community (Figure 2). Twelve other genera could
be assigned but individually, accounted for less than
6% of the community (5% [W25] and 4% [W29];

Table 1. Clinical and age-related data for the 12 faecal samples obtained from two captive dugongs at Sea World, Australia

Dendrogram

Sample Date Age cluster

no. Animal collected (y) Description in Figure 1

Cl Pig 09-Nov-02 4.0 Sample obtained immediately following recapture after I
unsuccessful release

C2 Pig 27-May-04 5.5 Routine sample in captivity v

C3 Pig 12-Feb-05 6.2 Prior to September 2005 faecal inoculation v

C4 Pig 30-Nov-05 7.0  Routine sample in captivity; post-September 2005 faecal A%
inoculation

C5 Pig 03-May-06 74 Routine sample in captivity; before exposure to female \Y%
dugong, Wuru

C6 Pig 15-Nov-07 9.0 Routine sample in captivity; after exposure to Wuru A%

C7 Pig 26-Nov-08 10.0 Routine sample in captivity v

C8 Wuru 26-Jan-05 0.1 One day after rescue as a calf (given antibiotics shortly VI
after)

Cc9 Wuru 22-June-05 0.40 Four months post-antibiotic treatment; bottle-fed I

C10 Wuru 03-Jan-06 0.90 Routine sample in captivity (still bottle-fed) 1

Cl1 Wuru 13-June-06 1.4 Routine sample in captivity; bottle-fed and eating lettuce; I
prior to faecal inoculation

Cl12 Wuru 29-Aug-06 1.6 Bottle-fed and eating lettuce; post-faecal inoculation and v

after exposure to male dugong, Pig
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Table 2. Distribution of minor bacterial genera in the hindgut of two wild dugongs, W25 and W29, as revealed by

454-pyrosequencing

Classification W25 W29
Unclassified Coriobacteriales 0.05 0.00
Unclassified Coriobacteriaceae 0.94 4.20
Prevotella 1.38 0.07
Unclassified Turicibacteraceae 0.00 0.07
Unclassified Clostridiaceae 0.89 1.12
Unclassified Clostridiales Family XIII. Incertae Sedis 0.89 0.66
Blautia 0.05 0.00
Butyrivibrio 0.39 0.79
Coprococcus 0.59 0.46
Epulopiscium 0.69 0.66
Lachnobacterium 0.10 0.00
Lachnospira 0.49 0.39
Clostridium 0.05 0.00
Dialister 0.00 0.07
Unclassified Kiloniellaceae 0.00 0.07
Unclassified Rhodospirillaceae 0.15 0.00
Unclassified Betaproteobacteria 0.00 0.07
Oxalobacter 0.00 0.07
Unclassifed Aeromonadales 0.15 0.00
Unclassified ML615J-28 0.10 0.26
Eubacterium 0.84 0.59

Table 3. Diversity indices in DGGE and 454-pyrosequencing data from two wild dugongs, W25 and W29, from

Moreton Bay

Shannon indices No. bands No. OTUs
Sample ID DGGE 454 DGGE 454
W25 3.73 4.52 49 102
W29 3.85 4.65 58 106

Figure 2). Fifteen other genera were identified but
could not be classified as any known genera.

The Shannon-Weiner Index of diversity and
species richness were calculated for the two
samples subjected to pyrosequencing and for
the same samples examined with DGGE. Both
DGGE and 454-pyrosequencing indicated that
species richness and diversity (number of bands/
number of OTUs) were higher in sample W29
than W25 (Table 3). Overall, species richness and
diversity were higher for the samples analysed by
454-pyrosequencing than DGGE.

Discussion

In this study, DGGE and pyrosequencing were
applied to dugong faecal samples to examine the
extent of genetic variation in resident hindgut
bacterial populations among wild dugongs of
varying size classes, and between wild and cap-
tive individuals.

There are currently only six dugongs in captiv-
ity worldwide: dugongs that are fed seagrasses in
oceanaria in each of Jakarta, Japan, and Singapore
(Lanyon & Marsh, 1995; Chua et al., 2001;
Tsukinowa et al., 2008), and the two captives
described in the present study. Hindgut microbial
profiles of these two captive dugongs at Sea World
(with the exception of a single profile from the
male obtained after an unsuccessful release into
the wild) were distinctly different and less com-
plex in their community structure when compared
to profiles from wild dugongs. Furthermore, the
absence of the dominant bacteria characteristic
of the hindgut of wild dugongs in the majority of
captive dugong profiles was noted. These captive
dugongs were fed milk formula in their infancy
and showed a predilection for cos lettuce as they
gained maturity. Cos lettuce differs markedly in its
chemical structure and nutrient value compared to
the seagrasses consumed by wild dugongs (Woods
et al., 2008; Siegal-Willott et al., 2010). These dif-
ferences for captive dugongs could presumably be
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w29

X w25

H Other

H Unclassified Ruminococcaceae

Ruminococcus

Roseburia

Unclassified Catabacteriaceae

M Unclassified Lachnospiraceae

H Sedimentibacter

H Clostridium

M Unclassified Clostridiales

M Unclassified Bacteroidales

H Bacteroides

/

Figure 2. Distribution of major bacterial genera in the hindgut of two wild dugongs, W25 and W29, as revealed by

454-pyrosequencing

attributed to dietary differences and/or antibiotic
administration, both of which have been previ-
ously shown to alter hindgut microbial communi-
ties in mammalian herbivores (Nord, 1993; Norin,
1997; Ley et al., 2008; Pieper et al., 2008). It is
also possible that, as both dugongs were orphaned
at extremely young ages (1 to 3 wks of age)
while still suckling, they did not acquire their full
complement of “normal” gastrointestinal bacte-
ria through maternal and other interactions (after
Stevens & Hume, 1998; Hume, 2002). These
data also indicate that oral inoculation of captive
animals with wild dugong faeces does not appear
to establish the “normal” hindgut bacterial com-
munities associated with wild dugongs, which

may be an important finding for future attempts to
raise orphaned dugong calves in captivity.

This study demonstrated that the microbial
community indigenous to the wild dugong hindgut
may undergo an ontogenetic shift over the course
of the animal’s development as DGGE was able
to demonstrate a clear delineation between the
hindgut bacterial populations of immature and
mature dugongs. Despite the differences observed
between DNA profiles of the hindgut microbiome
in calves/juveniles and subadults/adults, several
DNA bands remained dominant across the
majority of all samples of wild dugongs. The
earliest age at which dugongs were sampled for
faeces was in their second season (i.e., older than
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1 y of age). Dugong calves, while still suckling,
are presumably consuming increasing quantities
of seagrass and may be beginning to acquire the
dominant hindgut microbes required for cellulose
degradation and volatile fatty acid production
(Woods et al., 2008). Additionally, they may be
acquiring these dominant microbes by ingesting
bacteria that are associated with the surfaces of
their seagrass forage (Delong et al., 1993). Wild
dugong calves may also have acquired these
dominant microbes from maternal interactions
(i.e., suckling) and/or consumption of egesta as
is common with other herbivorous mammals that
are classified as hindgut fermenters (Stevens &
Hume, 1998; Hume, 2002).

The single faecal sample obtained from the captive
male dugong, that generated a hindgut bacterial
community profile similar to those of wild subadult
and adult profiles, was obtained immediately
following recapture after an unsuccessful release into
Moreton Bay, Queensland, in March 2002. Following
the loss of a satellite-tracking device, the juvenile male
dugong was eventually found in November 2002 in
a poor state of health, with numerous open wounds,
and was recaptured. This suggests that during the
8-mo reintroduction into Moreton Bay, the captive
male dugong was exposed to natural environmental
conditions, natural forage, and possible interactions
with wild dugongs, all of which may have contributed
to his hindgut bacterial community DNA profile
resembling that of a wild seagrass-eating subadult/
adult dugong. Faecal samples obtained after his
subsequent captive period showed a significant
reduction in bacterial diversity and a loss of the
common bands shared with profiles of wild dugongs.
Marked alteration or loss of bacterial diversity in the
first post-capture sample followed by the stability of
subsequent hindgut microbiome profiles (two profiles
in Cluster IV and four profiles in Cluster V) could be
attributed to the sudden dietary shift from seagrass to
cos lettuce, the reintroduction to an artificial water
environment, and/or the antibiotic administration
required during convalescence.

A single hindgut microbiome profile from the
captive female dugong (generated from the faecal
sample obtained at 2 wks of age, 1 d after rescue in
January 2005) was unique. At this age, the captive
female dugong would have been completely
dependent on her mother’s milk (Marsh etal., 1984;
Woods et al., 2008). Consequently, this profile
may be representative of the bacterial community
diversity in the hindgut of a neonatal wild dugong
calf. Three of the profiles from the captive female
dugong that formed a distinct, separate cluster
were obtained during bottle-feeding and a slow
introduction to a lettuce diet. The remaining profile
from the captive female dugong that clustered
with the four profiles from the male was obtained

following placement in the same enclosure as the
male during weaning to a diet of cos lettuce.

Given that the hindgut bacterial populations in
wild dugongs appear to be relatively stable between
individuals, a 454-pyrosequencing approach
was used to obtain a preliminary indication of
the phyla and genera of bacteria present in the
hindgut of two wild dugongs. As expected, both
dugongs had similar bacterial communities, and
these were dominated by the phyla Firmicutes
and Bacteroidetes. This is in keeping with other
terrestrial herbivorous microbial ecosystems such
as the cow rumen (Brulc et al., 2009). The five
genera that dominated the community (Roseburia,
Clostridium, Bacteroides, Sedimentibacter, and
Ruminococcus accounted for over 51% of the
community) are also commonly associated with
terrestrial herbivores (Brulc et al., 2009; Hess
et al., 2011). These bacteria may therefore have
an important role in seagrass fibre degradation
in the dugong hindgut. Further, 16S rRNA gene
sequence analysis of representatives of these major
genera and phylogenetic comparison with known
sequences of related microorganisms isolated
from terrestrial herbivores may help to answer
important questions about dugong evolution and
adaptation to the marine environment.

In conclusion, this study has provided preliminary
information on the population structure of hindgut
bacterial communities in wild dugongs. Several
hypotheses have been previously formulated for the
origins of established hindgut microbial communities
in mammals, the most prominent being maternal
interactions (i.e., mother to offspring) or the influence
of diet (Gordon & Phillips, 1993; Flint & Bayer,
2008; Ley et al., 2008; Fraser et al., 2009). However,
no studies have previously reported the marked
differences between wild and captive members of the
same species as observed in this study.
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