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ABSTRACT

El Nifio and the prolonged warm sea surface temperature significantly impacted coral reefs and
caused coral bleaching in some parts of the world. This study evaluated the density of symbiotic
algae and bacteria associated with the three coral species, namely Acropora hyacinthus, Acropora
muricata, and Acropora robusta, collected in Hang Rai, Ninh Thuan in May, June, August 2016,
and June 2017. The number of zooxanthellae with each coral species was statistically significant
and correlated with several environmental factors, suggesting that symbiotic algae could play a
key role in coral health. The number of associated microbial with the three coral species was
significantly different; they tended to depend on sampling time rather than coral species-specific.
At the time of ENSO (2016), the difference in the total associated bacteria with all three coral
species was statistically significant. While the total number of related bacteria with all three
species of coral collected in 2017 did not differ from the total of bacteria in ambient water. In
conclusion, symbiotic algae tend to be species-specific, whereas bacteria fluctuate significantly
over sampling time. Studying the molecular issues of microalgae, the presence, the role of some
groups of bacteria involved in the N, C, P, and S cycles, and the influence of environmental
parameters should also be encouraged to understand the relationship of coral holobiont better.
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INTRODUCTION

The role of symbiotic algae in marine
adaptation that can help corals overcome
adverse environmental changes has been
gathered from numerous studies in the review
by Blackall et al., [1]. Symbiotic algae with
corals are thought to be highly adaptive to
changes in environmental conditions such as
rising sea temperatures. In many coral species,
symbiotic algae have helped corals cope with
environmental changes by changing the
population composition to adapt to adverse
environmental conditions; however, this
mechanism has only been discovered for
symbiotic algae that have been present in coral
tissues since the time of coral reefs is still a
larva. The evidence for the conversion of
symbiotic algae from the environment into
adult corals is still unclear. Boulotte et al., [2]
used molecular biology techniques to study
Symbiodinium clades symbiotic with two coral
species Pocillopara damicornis and Stylophora
pistillata and show that there is a targeted
invasion of some species symbiotic algae from
the environment into adult corals after two
consecutive bleaching sessions. The genus
Symbiodinium consists of 9 clades from A to I.
The different clades Symbiodinium have
different degrees of physiological adaptation
and tolerance to stress (possibly heat stress),
most of the new symbiotic algal species was
detected at less than 1% in terms of abundance,
in contrast, there was a newly introduced clade
with an abundance index of over 33%.
Intentionally invading Symbiodinium  was
identified as clade D  thermophilic
Symbiodinium so it is possible to see
population transition driven by two successive
bleachings, this finding is particularly
important given that the transformation
patterns of symbiotic microalgae in the two
studied corals that were previously known to
have selective symbiosis with algae. When
corals with Symbiodinum clade D were
dominant, they were more heat tolerant than
corals occupied by other clades [3, 4].

Coral bleaching, a commonly known
phenomenon that causes mass coral deaths
worldwide, was also observed in the South
Asia Pacific and Vietnam waters in 1998. In
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some places, it was observed to be very severe
with more than 30% of corals in the area
bleaching. Bleaching was observed in the Gulf
of Thailand, Nha Trang bay, Van Phong bay,
and others in 2010. The cause was attributed to
the influence of the EI Nifio phenomenon that
caused the sea surface temperature to increase
[5]. In 2015-2016, EI Nifio and ocean warming
significantly impacted coral reefs and caused
coral bleaching in many oceans worldwide. In
Indonesia, the first signs of bleaching were
reported in April 2016. However, this El Nifio
has been affecting the Indonesia reef since
2015 through a process other than bleaching
caused by temperature. In September 2015, all
measured data showed the lowest sea level in
the past 12 years, thus affecting the bottom
coral reefs. In March 2016. Bunaken island
(Northern Sulawesi) is dominated by the coral
species Porites, Heliopora and Goniastrea with
mortality rates up to 85% according to different
coral genera. Most reef flats have the highest
mortality rates, and account for 30% of the
island’s reefs. For reef colonies living near
below mean sea level before El Nifio, increased
coral mortality may be due to corals being
exposed to less daily air especially during low
tide. All measured data, used to map sea level
declines across Indonesia, show widespread
coral death to schist reefs in the shallow waters
they make up most of the total coral reefs in
Indonesia [6].

Co-living microorganisms have a certain
role for the coral host, they are the suppliers of
nutrients for the coral [7], participating in the
natural defense mechanism against pathogenic
microorganisms through the production of
substances that are resistant to microorganisms,
such as peptides and antibiotics [8, 9], and
competitive regulation of microorganisms
within the same host [10].

Co-living microorganisms have a specific
role for the coral host; they are the suppliers of
nutrients for the coral [7], participating in the
natural defense mechanism against pathogenic
microorganisms through the production of
substances that are resistant to microorganisms,
such as peptides and antibiotics [8, 9], and
competitive regulation of microorganisms
within the same host [10].
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Over the past 30 years, the coral disease has
been considered a severe threat to global coral
reefs; however, its causes are primarily due to
changes in habitat leading to changes in
composition and raising abnormal proliferation
of bacteria that cause coral disease. Many
studies have shown the causative agents of
coral diseases; for example, coral bleaching
disease Oculina patagonica is caused by
opportunistic bacteria Vibrio shiloi [11], and
Vibrio coralliilyticus causes bleaching disease
for coral Pocillopora damicornis [12]. White
pox disease in coral Acropora palmate was
identified as caused by Gram-negative bacteria
Serratia marcescens [13]. Research on
microorganisms living with 18 coral species
belonging to 10 genera in 6 families of block
corals and reef-forming corals in the East
Vietnam Sea shows that bacteria living with
coral species have a species-selective ability to
adapt to cold and heat tolerant; however,
known coral pathogens were found in almost
all coral samples [14]. Ocean acidification does
not affect corals without symbiotic
Leptopsammia pruvoti of the Mediterranean
Sea [15]. Recent evidence shows that coral
bleaching is most likely closely related to coral
symbiotic plankton and groups of nitrogen-
fixing bacteria [16].

METHODS
Materials and research methods

Three coral species, Acropora hyacinthus,
Acropora muricata, and Acropora robusta,
were used as research materials in this study.
Live coral samples showing no bleaching and
showing no signs of bleaching at the time of
collection were collected as healthy and
diseased coral samples, respectively. Coral
samples were collected in May, June, August
2016, and June 2017 by skilled divers
(SCUBA) at a depth of 5~7 m at the location at
coordinates 109°18°28.1"E, 11°67°71.7"N, at
Hang Rai-Ninh Thuan. The method of sample
collection and pretreatment of samples, and
analysis of samples and environmental factors
are detailed in our previous study [17]. The
symbiotic algae, bacteria in healthy coral
samples, and bleached coral samples were
treated with 1% potassium citrate solution to

remove the fluorescent colorants available in
corals, then filtered through a 0.02 pm filter
(AnodiscTM  Whatman) and stained with
SYBR Gold (Invitrogen) [18] and examined
under a fluorescence optical microscope. The
total number of bacteria and bacterial shapes
(spheres, rods, bacilli, etc.) will be counted
with an Olympus Provis AX70 fluorescence
microscope and image processing with digital
imaging software (Olympus-DP71).

Data processing

The principal coordinate analysis (PCoA)
graph was applied to identify and cluster sample
groups. PCoA is a method used to analyze and
represent the similarities or differences between
data sets. First, each data combination will
establish a similarity or dissimilarity matrix
(based on the distance matrix). This report
selects the Gower distance [19] to construct the
similarity/dissimilarity matrix.

The formula for calculating the Gower
coefficient between two elements i and j is
calculated as follows (d):

Pos(f) gt
_ (2% -y
- Poo(f)
f:lgij

where: &i") = 1if x; and x;; or the f variable are

present, if not, it equals O; @E” =0iffisan

asymmetric binary variable and elements i and |
both have the value 0-0. If the variable f is

binary or identifier then d{" = 0 with x; = xy
and digf) =1 with Xij * Xi

The similarity/dissimilarity matrix through
Gower distance was calculated and set up on R
3.0.2 software with package ade4 and Vegan R-
Development Core Team [20]. After being
created, the similarity/dissimilarity matrix will
be used to represent and group on the PCoA
chart [21].

RESULTS AND DISCUSSION
Environmental parameters at the time of
sample collection

The environmental parameters measured at
the sampling site in May, June, August 2016,
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and June 2017 are calculated and presented as
the mean and standard deviation in Table 1.
The temperature fluctuated  wildly
between the surveys; the highest temperature
was in May 2016 with an average value of
30.55 + 0.05°C and the lowest in June 2016
with an average value of 24 + 0.5°C.
Especially in June 2016, the study area had
the largest turbidity of 4.5, whereas, in June

2017, the lowest measured turbidity was 2.50.

TSS, POM, and DO parameters measured in
June 2016 and 2017 all have higher values
than the other two surveys. The dissolved
oxygen content in the study area is relatively
abundant, ranging from 5.79-7.00 mgO,/L,
which is a suitable range for the growth and
development of marine organisms. Generally,
the study area's water quality is still good; all
survey factors satisfy QCVN 10/2015
(Table 1).

Table 1. Results of environmental parameters

Parameters 5/2016 6/2016 8/2016 6/2017 QCVN
pH 8.10 % 0.00 7.69 % 0.02 761003 | 803+0.005 | 6585
Temperature (°C ) 3055+ 005 | 2400+050 | 27.95+005 | 27.10%0.10 -
Salinity (%o) 3430+ 000 | 3480+010 | 3460000 | 33.45+0.15 -
Turbidity (NTU) 3.50  0.50 4.50 + 0.50 4.00 + 0.00 2.50  0.50 -
TSS (mg/L) 0.87 £ 0.17 1.27 £ 0.33 0.80  0.20 2.50 % 0.05 50
POM (mg/L) 0.47 £ 0.10 0.78 £ 0.22 0.37 £ 0.10 1.44 % 0.04 -
DO (mgO,/L) 6.46 £ 0.02 6.65 % 0.22 5.79 % 0.20 7.00%0.13 >5
BODs (mgO,/L) 0.60  0.07 0.95 + 0.07 0.51+0.15 0.63 % 0.06 -
NO; (UgN/L) 1.80£0.18 8.61 % 4.89 0.79 + 0.59 1.61% 0.58 -
NO; (UgN/L) 73.49+6.03 | 89.99+16.04 | 58.50+10.14 | 49.67%8.14 -
NH, (LgN/L) 50.63+2.64 | 69.27+14.78 | 48.12+322 | 5560 4.37 100
PO, (ugP/L) 1589230 | 950+ 2.58 4.77+1.29 9.57+2.19 200
Chl-a (ug/L) 0.90 + 0.08 152+ 0.31 0.71+0.12 0.73%0.85 -

Notes: QCVN: Vietnamese standards 10/2015; “-”: not yet regulated.

Symbiotic algae

The number of algae (cells/g of fresh coral)
presented in Figure 1 represents the mean and
standard deviation (Figure 2).
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Figure 1. Total number of heterotrophic
bacteria by EFM fluorescene counting

In general, at three months, the number of
algae in all three coral species was within the
normal range calculated per 1 cm? of
unbleached living coral tissue surface of 1-5 x
106 cells [22]. However, the number of algae in
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A. hyacinthus in August 2016 was about 100
times higher than usual. Algae symbiosis
positively correlates with the total number of
bacteria, salinity, turbidity, and NO; inversely
with TSS and pH. The symbiotic algae had
neither a positive nor negative correlation with
the  temperature  factor  (Table  2).
Microbiological studies of 34 Acropora
millepora colonies living on the Great Barrier
Reef (Australia) from October 2000 to March
2003, including coral bleaching time, have
shown that during bleaching, the density of
algae symbiosis decreased up to 64% and was
negatively  correlated with  temperature,
whereas the percentage of degenerate zoox-
algae was positively correlated [23]. The
symbiotic algae Symbiodinium clade C with
three coral species A. hyacinthus, A. japonica,
and Cyphastrea chalcidicum in Tanabe bay,
Japan, is thought to be the dominant group at
low temperatures [24]. Symbiodinium clade D
is the dominant group found at higher
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temperatures in an experiment with Porites
coral in Palau [25]. However, Bellantuono et al.,
[26] suggested that temperature did not affect
the symbiotic algae, nor the microbiota living
with the coral and indicated that it is the
flexibility of the physiological relationship of
the corals. The new coral and microbiota that
live together help corals overcome the adverse
effects of increased environmental
temperatures. In this paper, only the number of
algae was studied, so it is impossible to indicate
the specific algae clade in the coral.

25.00

20.00

105 thig

A. hyacinthus
0 4 muricata

@ A robusta

5/2016

Figure 2. Total number of algae symbiotically
with three coral species

Total number of heterotrophic bacteria

The total bacteria in all three coral species
in June 2017 was lower than in the 2016
samples. Total bacteria were positively
correlated with the total number of microalgae,
which  was  strongly associated  with
environmental factors such as salinity, turbidity,
and NO;z and negatively correlated with pH
(Table 2). Bacteria in corals were about 200
times higher than bacteria in seawater when
counted directly. This result is similar to
similar studies by Nguyen et al., [27].

The  composition of  bacteria in
A. hyacinthus, A. robusta, and in water samples
in May 2016 was almost the same, with the
majority of components being cocci, comma
and rod (rod-shaped bacillus) at least, whereas,
in A. muricata, the bacterial component
accounted for the highest percentage.

The bacteria that produce and use nitrogen
found in coral tissue are related to the host,
which is actually very closely related in terms
of nutrition; they are the bacilli Roseobacter,
Spongiobacter, Vibrio, and Alteromonas [28,
29]. Bacilli increased gradually in June and
August in water samples, coral A. muricata,

and A. robusta. Compared with the water
sample, the bacterial composition of the three
coral species changed over time; when in the
water sample, cocci always accounted for the
highest percentage, followed by bacteria and
bacilli, except for the water sample in June
2017, bacteria accounted for the highest rate.
Bacterial composition in June 2017 in coral A.
hyacinthus and A. robusta had similar
proportions of bacilli and bacilli while cocci
and filaments accounted for an equally small
proportion.

In August, with the lowest pH compared to
the other months, bacilli in A. muricata and A.
robusta increased, while bacilli predominated
in A. hyacinthus. Total bacteria, bacilli, were
negatively correlated with pH (Table 3). The
results of this paper are similar to the studies by
Meron et al., [30, 31] on coral Acropora
eurystoma in Eilat bay, the Red Sea, which
showed that at pH = 7.3, the bacterial flora
lived with the same corals were more diverse in
composition as well as in number than the
living bacteria when at pH = 8.2, Vibrionaceae
and Alteromonadaceae were the most dominant.
Especially when most antibiotic-resistant
bacteria were also isolated from coral at pH =
7.3 out of 54 antibiotic strains, up to 50% of
strains belonged to Vibrionaceae, and 29%
belonged to Rhodobacteraceae. It is clear that
when corals are cultured at low pH conditions,
the microbiota associated with disease and
stress (possibly Vibrio) for the coral increases.
On the other hand, bacteria with antibacterial
potential (probably Vibrio, Rhodobacteraceae)
also increased when corals were at low pH.

In August 2016, with the lowest PO,
concentration, bacteria and bacilli increased to
overwhelm cocci. Bacteria living on corals of
bacilli and bacilli group were negatively
correlated [17] with PO, content. In contrast, the
proportion of cocci and bacilli in water samples
over the months did not change significantly,
and Anova’s test showed that this difference is
also not statistically significant (p > 0.05).
However, when comparing all the data obtained
in 2016 and June 2017, bacilli have a
statistically significant inverse correlation with
PO, content, but the bacteriophage group has no
correlation with this factor (Table 2). Moreover,
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bacilli have a statistically significant negative
correlation with bacilli and cocci. In June 2017,
the PO, content was equivalent to May and June
2016; the proportion of bacilli in A. hyacinthus
and A. robusta was higher than that of other
bacterial components, while the proportion of
bacterial components in A. muricata had
similarity with the bacterial composition in

water (Figure 3). In May 2016, when the
temperature measured at the sampling area was
the highest in 4 collection times, the bacilli had
the lowest percentage in all samples, including
water samples, analyzing the correlation
between bacilli and temperature. The levels
show a statistically significant negative
correlation (Table 2).

Table 2. Results of the Pearson correlation coefficient test

Compare r(n=236) p
Bacteria and zooxanthellae 0.369 0.05
Zooxanthellae pH -0.402 0.05
Zooxanthellae and turbidity 0.507 0.01
Zooxanthellae and salinity 0.566 0.01
Zooxanthellae and NO4 0.393 0.05
Zooxanthellae TSS -0.424 0.01
Total bacteria and pH -0.690 0.01
Total bacteria and turbidity 0.681 0.01
Total bacteria and salinity 0.735 0.01
Total bacteria and NO4 0.411 0.01
Total bacteria and PO, -0.352 0.05
Total bacteria and temperature -0.431 0.01
Rod and pH -0.531 0.01
Rod and PO, -0.448 0.01
Comma and temperature 0.609 0.01
Comma and pH 0.326 0.05
Comma and NO; -0.445 0.01
Comma and Chl-a -0.488 0.01
Comma and BODg -0.632 0.01
Rod and comma -0.535 0.01
Rod and coccus -0.835 0.01

To our knowledge, there are many studies
on the antibiotic-producing ability of Bacillus
and research on detecting pathogenic
microorganisms from corals; however, there
are no studies on the impact of heat degree of
variation in bacilli in corals. Indeed, bacilli are
a group with a relatively wide ecological range
of temperatures ranging from 0-45 degrees;
however, when they live in the coral
component, they are known to be species-
specific and can vary by species host regulation
[32]. Recently, many findings have shown that
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even bacteria are commonly thought to be
involved in causing diseases such as Vibrio,
Shewanella, etc. Still, when harvested from
invertebrates, for example, Shewanella algae-
Gram-negative bacilli isolated from the sponge,
Callyspongia diffusa of the Indian sea is a
strain resistant to many bacteria and also
resistant pathogenic fungi [33]. In this study,
the May coral samples at the sampling site
were bleached, and bacilli accounted for the
lowest percentage of the bacterial composition
in coral and water.
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Table 3. Fisher’s test results on microalgae, bacteria

Symbiotic algae Group Bacteria Group
AH-Augl6 A AR-Augl6 A
AH-May16 B AM-Augl6 A B
AR-May16 B C AM-Jun16 A B C
AR-Augl6 C AH-Jun16 A B C
AH-Jun16 C AR-Jun16 A B C
AM-Jun16 C D AH-Augl6 A B C
AM-Augl6 C D AR-May16 B C D
AR-Junl7 C D AH-May16 B C D
AH-Junl7 C D E AM-May16 C D
AM-Junl? C D E AH-Junl17 D
AR-Jun16 C D E AR-Junl7 D
AM-May16 C D E AM-Junl7 D
Water-Aug16 D
Water-May16 D
Water-Junl6 D

Notes: A. robusta (AR), A. muricata (AM), A. hyacinthus (AH) according to the time. Where: 5/2016 (May16), 6/2016
(Jun16), 8/2016 (Augl6) and 6/2017 (Junl7), water-water.

A. hyacinthus A. muricata
100% o 100% E
g [+ g80% [+ g
60% L= = 60% i g i
20% et I 0 O T 53 N ) S I
:*: :’ ’: 1 'z‘ -
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e 22 = : DE B
5/2016 6/2016 8/72016 6/2017 5/2016 6/2016 8/2016 6/2017
Dcoccus Ocomma Brod BAfilament Bcoccus Oceomma Brod @filament
A. robusta Water
100% 5% 100% == 5% Z z
go% | S I R 1S e 51 I
60% —pof ko 0% I Bl By
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20% o 2 20%
52016 6/2016 8/2016 62017 52016 6/2016 8/2016 6/2017
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Figure 3. Composition of bacteria that live with coral
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The subgroup of symbiotic microalgae,
bacteria that live with corals

Figure 4 shows the degree of subgrouping
of bacteria, microalgae, and bacterial
composition in three coral species and water

samples, excluding environmental factors. The
vertical axis PC2 (21.4%) and the horizontal
axis PC1 (48.8%) show a total of 70.2% of the
research samples distributed according to the
trend shown in Figure 4.
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Figure 4. Distribution of microbial samples that live with coral

Bacteria and bacterial composition are
distributed into three groups, of which the most
obvious is the subgroup of bleached coral
collected in May 2016 and healthy coral
collected in May 2016, similar to the samples
collected in 2017 tended to form a separate
group, and the water samples from all four
samplings formed a different group. However,
it is unclear whether they are influenced by
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coral species or tend to be distributed over
sampling time. One-way ANOVA test allows
determining the frequency of difference of the
experimental samples showing that R%.ceria =
0.659, Ftest = 3-556’ RZsymbiotic algae = 0-852’ Ftest =
10.887 compared t0 Feandara 2.82; this
difference is significant, and for further
clarification, Fisher’s pairwise test is presented
in Table 3.



Pham Thi Mien et al./Vietnam Journal of Marine Science and Technology 2022, 22(2) 177-188

Table 3 shows that the number of symbiotic
algae with coral A. hyacinthus in August 2016
(AH-Augl16 group A) compared with all other
samples is statistically significant. Algae
symbiotic with A. hyacinthus in May 2016
(AH-May16, group B) significantly differed
from all samples. In June 2016, symbiotic algae
with coral A. hyacinthus belonged to group C,
while in June 2017 belonged to groups C, D,
and E. Therefore, the number of symbiotic
algae in A. hyacinthus can be seen between the
two groups. The months are meaningful.
Similar to the symbiotic algae with A.
hyacinthus, the difference in the number of
symbiotic algae with A. robusta was also
significant between months. While symbiotic
algae with A. muricata in June and August
2016 were not statistically significant (both in
groups C and D). The difference in symbiotic
algae with A. muricata in May 2016 and June
2017 was also not statistically significant (same
group C, D, E).

In general, the variation of symbiotic algae
among coral species tended to differ by coral
species rather than by sampling time. Many
works have reported that algae play a crucial
role for coral hosts in resisting adverse changes
in habitat, especially coral bleaching [2].

The differences between the non-
statistically significant samples grouped into a
group and denoted A to D for bacterial
comparisons are presented in Table 3.

Bacteria living with A. robusta in August
2016 differed significantly from those collected
in May 2016 (AR-May16, group B, C, D) and
those contained in June 2016 (AR-Junl6,
group). A, B, C), and the June 2017 collection
(AR-Junl17, group D). Bacterial coexistence
with all three coral species collected in May
2016 significantly differed from all samples
collected in other months of the study. Bacteria
living with three coral species collected in June
2016 significantly differed from those collected
in June 2017. There is a significant difference

between the number of bacteria residing with A.

murica and the other two coral species during
the same sampling period in May 2016.
Bacteria in all three coral species in the
samples collected in June 2017 (including AH-
Jun 17, AR-Jun 17, and AM-Jun 17 of group D,

the same group as the water samples collected
in May, June, and August 2016, and June 2017)
showed that bacteria living with the three coral
species in June 2017 had statistically
significant differences for all bacteria living
with the three coral species studied in 2016
sample collection. The number of bacteria
residing with corals significantly depended
more on the time parameter than the coral
species. 2017 is the year without the ENSO
phenomenon; the difference in the number of
bacteria living with corals compared to the
difference in bacteria in seawater is not
statistically significant (same group D). The
results of this study show that the number of
bacteria in all three coral species significantly
differs according to the time of sampling,
especially at times of adverse environmental
conditions such as May and August 2016,
compared with the time of sampling in June
2017. This result tends to coincide with
previously published studies; when there are
adverse environmental effects, the coral
holobiont system has mechanisms to regulate
the coexistence of the community to overcome
the disadvantages of the environment [32].

CONCLUSIONS AND RECOMMENDA-
TIONS

Algae and bacteria living with corals are
positively correlated with each other and with
salinity, turbidity, NO; factors, and negatively
correlated with pH. The bacteria cohabiting
with corals varied significantly over sampling,
suggesting that the coral microbiota is co-
regulated with the host to adapt to
environmental conditions. Symbiotic algae tend
to be species-specific, so they can play a crucial
role in coral biota and coral health. To better
understand the clade (branches) of algae that
symbiotically with corals, further studies such
as studying genes are needed. Some groups of
bacteria participating in the N, C, P, and S
cycle should be prioritized for research on their
presence, their role in corals, and the influence
of environmental parameters.

Acknowledgements: We thank the Academy of
Science and Technology of Vietnam for
financial support to the project VAST02.01/17—
18. The study was carried out with the funding

185



Pham Thi Mien et al./Vietnam Journal of Marine Science and Technology 2022, 22(2) 177-188

for the basic research project in 2017 of the
Department of Marine Ecology, Institute of

Oceanography. We

thank the Plankton

department for supporting the equipment and

Mr.

Phan Kim Hoang, the Department of

Aguatic Resources, for collecting samples and
classifying hard corals.

REFERENCES

[1]

[2]

[3]

Blackall, L. L., Wilson, B., and Van
Oppen, M. J., 2015. Coral—the world's
most  diverse symbiotic  ecosystem.
Molecular Ecology, 24(21), 5330-5347.
https://doi.org/10.1111/mec.13400
Boulotte, N. M., Dalton, S. J., Carroll, A.
G., Harrison, P. L., Putnam, H. M,
Peplow, L. M., and Van Oppen, M. J.,
2016. Exploring the Symbiodinium rare
biosphere provides evidence for symbiont
switching in reef-building corals. The
ISME journal, 10(11), 2693-2701.
https://doi.org/10.1038/ismej.2016.54
Berkelmans, R., and Van Oppen, M. J,,
2006. The role of zooxanthellae in the
thermal tolerance of corals: a ‘nugget of
hope’for coral reefs in an era of climate
change. Proceedings of the Royal Society
B: Biological Sciences, 273(1599), 2305-
2312. doi: 10.1098/rspb.2006.3567

[4] Silverstein, R. N., Cunning, R., and Baker,

[5]

[6]

186

A. C., 2015. Change in algal symbiont
communities after bleaching, not prior
heat exposure, increases heat tolerance of
reef corals. Global change biology, 21(1),
236-249. doi: 10.1111/gch.12706

Tun, K., Chou, L. M., Low, J., Yeemin,
T., Phongsuwan, N., Setiasich, N., Wilson,
J., Amri, A. Y., Adzis, K. A. A,, Lane, D.,
Bochove, J. W. V., Kluskens, B., Nguyen,
V. L, Vo, S. T., and Gomez, E., 2010.
Status of Coral reefs in East Asian Seas
region: 2010. A regional overview on the
2010 coral bleaching event in Southeast
Asia, 9-26.

Ampou, E. E., Johan, O., Menkeés, C. E.,
Nifio, F., Birol, F., Ouillon, S., and
Andréfouét, S., 2017. Coral mortality
induced by the 2015-2016 EI-Nifio in
Indonesia: the effect of rapid sea level fall.

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Biogeosciences, 14(4), 817-826.
https://doi.org/10.5194/bg-14-817-2017
Rosenberg, E., Koren, O., Reshef, L.,
Efrony, R., and Zilber-Rosenberg, 1.,
2007. The role of microorganisms in coral
health, disease and evolution. Nature
Reviews Microbiology, 5(5), 355-362.
https://doi.org/10.1038/nrmicro1635
Kvennefors, E. C. E., Sampayo, E., Kerr,
C., Vieira, G., Roff, G., and Barnes, A. C.,
2012. Regulation of bacterial
communities  through antimicrobial
activity by the coral holobiont. Microbial
ecology, 63(3), 605-618. https://doi.org/
10.1007/s00248-011-9946-0
Shnit-Orland, M., Sivan, A., and
Kushmaro, A., 2012. Antibacterial
activity of Pseudoalteromonas in the
coral holobiont. Microbial ecology, 64(4),
851-859. https://doi.org/10.1007/s00248-
012-0086-y

Ritchie, K. B., 2006. Regulation of
microbial populations by coral surface
mucus and mucus-associated bacteria.
Marine Ecology Progress Series, 322, 1-
14. doi: 10.3354/meps322001

Kushmaro, A., Rosenberg, E., Fine, M.,
and Loya, Y., 1997. Bleaching of the
coral Oculina patagonica by Vibrio AK-1.
Marine Ecology Progress Series, 147,
159-165. doi: 10.3354/meps147159
Ben-Haim, Y., and Rosenberg, E., 2002.
A novel Vibrio sp. pathogen of the coral
Pocillopora damicornis. Marine Biology,
141(1), 47-55. https://doi.org/10.1007/
s00227-002-0797-6

Patterson, K. L., Porter, J. W., Ritchie, K.
B., Polson, S. W., Mueller, E., Peters, E.
C., Santavy, D. L., and Smith, G. W.,
2002. The etiology of white pox, a lethal
disease of the Caribbean elkhorn coral,
Acropora palmata. Proceedings of the
National Academy of Sciences, 99(13),
8725-8730. https://doi.org/10.1073/
pnas.09226009

Liang, J., Yu, K., Wang, Y., Huang, X.,
Huang, W., Qin, Z., Pan, Z., Yao, Q.,
Wang, W., and Wu, Z., 2017. Distinct
bacterial communities associated with
massive and branching scleractinian



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Pham Thi Mien et al./Vietnam Journal of Marine Science and Technology 2022, 22(2) 177-188

corals and potential linkages to coral
susceptibility to thermal or cold stress.
Frontiers in Microbiology, 8, 979.
https://doi.org/10.3389/fmicb.2017.00979
Gizzi, F., de Mas, L., Airi, V., Caroselli,
E., Prada, F., Falini, G., Dubinsky, Z., and
Goffredo, S., 2017. Reproduction of an
azooxanthellate coral is unaffected by
ocean acidification. Scientific reports,
7(1), 1-8. https://doi.org/10.1038/s41598-
017-13393-1

Meunier, V., Bonnet, S., Pernice, M.,
Benavides, M., Lorrain, A., Grosso, O.,
Lambert, C., and Houlbreque, F., 2019.
Bleaching forces coral’s heterotrophy on
diazotrophs and Synechococcus. The
ISME journal, 13(11), 2882-2886. doi:
10.1038/s41396-019-0456-2

Mien, P. T., Hanh, N. K., Hieu, N. M.,
Thu, P. M., Du, H. T., Thi, V. H., Duc
Hieu, N. T., Dung, L. T., and Huan, N. H.,
2019. A study on bacteria associated with
three hard coral species from Ninh Thuan
waters by epifluorescence and most
diluted culture method. Vietham Journal
of Marine Science and Technology, 19(2),
271-283. https://doi.org/10.15625/1859-
3097/10814

Leruste, A., Bouvier, T., and Bettarel, Y.,
2012. Enumerating viruses in coral mucus.
Applied and environmental microbiology,
78(17), 6377-6379.  https://doi.org/
10.1128/AEM.01141-12

Gower, J. C., 1971. A general coefficient
of similarity and some of its properties.
Biometrics, 857-871. https://doi.org/
10.2307/2528823

Team, R. C., 2012. R: A language and
environment for statistical computing.
http://www. R-project. org.

Hendrickson, J., 2014. Methods for
clustering mixed  data. Doctoral
dissertation, University of South Carolina.
Sorokin, Y. ., 2013. Coral reef ecology
(Vol. 102). Springer Science & Business
Media.

Bourne, D., lida, Y., Uthicke, S., and
Smith-Keune, C., 2008. Changes in coral-
associated microbial communities during
a bleaching event. The ISME journal, 2(4),

[24]

350-363.
ismej.2007.112

https://doi.org/10.1038/

Lien, Y. T., Fukami, H., and Yamashita,
Y., 2012. Symbiodinium clade C
dominates zooxanthellate corals

(Scleractinia) in the temperate region of
Japan. Zoological science, 29(3), 173-180.
https://doi.org/10.2108/zsj.29.173

[25] Fabricius, K. E., Mieog, J. C., Colin, P. L.,

[26]

Idip, D., and H. van Oppen, M. J., 2004.
Identity and  diversity of coral
endosymbionts (zooxanthellae) from three
Palauan reefs with contrasting bleaching,
temperature and shading histories.
Molecular ecology, 13(8), 2445-2458.
https://doi.org/10.1111/j.1365-294X.2004.
02230.x

Bellantuono, A. J., Hoegh-Guldberg, O.,
and Rodriguez-Lanetty, M., 2012.
Resistance to thermal stress in corals
without changes in symbiont composition.
Proceedings of the Royal Society B:
Biological Sciences, 279(1731), 1100-
1107. https://doi.org/10.1098/rspb.2011.
1780

[27] Nguyen-Kim, H., Bettarel, Y., Bouvier, T.,

Bouvier, C., Doan-Nhu, H., Nguyen-
Ngoc, L., Nguyen-Thanh, T., Tran-Quang,
H., and Brune, J., 2015. Coral mucus is a
hot spot for viral infections. Applied and
Environmental Microbiology, 81(17),
5773-5783. https://doi.org/10.1128/
AEM.00542-15

[28] Raina, J. B., Dinsdale, E. A., Willis, B. L.,

[29]

[30]

and Bourne, D. G., 2010. Do the organic
sulfur compounds DMSP and DMS drive
coral microbial associations?. Trends in
microbiology, 18(3), 101-108.
https://doi.org/10.1016/j.tim.2009.12.002
Raina, J. B., Tapiolas, D., Willis, B. L.,
and Bourne, D. G., 2009. Coral-
associated bacteria and their role in the
biogeochemical cycling of sulfur. Applied
and environmental microbiology, 75(11),
3492-3501. https://doi.org/10.1128/
AEM.02567-08

Meron, D., Atias, E., lasur Kruh, L.,
Elifantz, H., Minz, D., Fine, M., and
Banin, E., 2011. The impact of reduced
pH on the microbial community of the

187



Pham Thi Mien et al./Vietnam Journal of Marine Science and Technology 2022, 22(2) 177-188

coral Acropora eurystoma. The ISME
journal, 5(1), 51-60. https://doi.org/
10.1038/ismej.2010.102

[31] Meron, D., Rodolfo-Metalpa, R., Cunning,

[32]

188

R., Baker, A. C., Fine, M., and Banin, E.,
2012. Changes in coral microbial
communities in response to a natural pH
gradient. The ISME journal, 6(9), 1775-

1785. https://doi.org/10.1038/ismej.
2012.19
Rosenberg, E., Kushmaro, A.,

Kramarsky-Winter, E., Banin, E., and

[33]

Yossi, L., 2009. The role of
microorganisms in coral bleaching. The
ISME journal, 3(2), 139-146.

https://doi.org/10.1038/ismej.2008.104
Rachanamol, R. S., Lipton, A. P.
Thankamani, V., Sarika, A. R., and Selvin,
J., 2014. Molecular characterization and
bioactivity profile of the tropical sponge-
associated bacterium Shewanella algae
VCDB. Helgoland marine research,
68(2), 263-269. https://doi.org/10.1007/
$10152-014-0386-3



