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1. Introduction 

Coral is a bio-structure consistingofcoral the host and itssymbiotic organisms that has existed for about 500 
million years but continually endureeven though it had been severedfor diseases (Riegl et al., 2009). In the past two 
decades, coral has become research topic interest to understand the existence of microbes associated to coral, their 
relationship with the environment and its role for the coralsbene fit. The interest in coral microbiology started since the 
coral mortality in early 82-83shad been described (Glynn, 1985; Riegl et al., 2009; McClanahan et al., 2001); pathogenic 
bacteria from some diseased corals were isolated(Kushmaro et al.,1998; Ben-Haim and Rosenberg, 2002; Ben-Haim et al., 
2003; Kushmaro et al, 2001; Rosenberg et al., 2007a; Sussman, 2009); also a new trend to find out coral-associated 
bacteria in their role to protect the coral and increase its capability to adapt to higher environmental temperatures (Rithie, 
2006; Rosenberg et al., 2007b; Shnit-Orland and Kushmaro, 2008; Nissimov et al., 2009; Teplitski and Ritchie, 2009; 
Rypien et al., 2010; Kvennefors et al., 2012). 

Coral-associated bacteria is a dynamic relationship in coral that could be either symbiotic or pathogenic. The 
abundance and diversity of coral associated bacterial was highly noted in numerous studies withspecies-specificity cited in 
coral, such as those residing in mucus (Bourne and Munn, 2005; Koren and Rosenberg, 2006; Kooperman et al., 2007; 
Zhang et al., 2015), tissue (Rosenberg et al., 2007b: Littman et al., 2009; Chiu et al., 2012; Krediet et al., 2013, Carlos et al., 
2013; Thompson et al., 2015; Wada et al., 2016) and skeleton (Wilson et al., 2012; Li et al., 2014) of the coral. They stay in 
the coral for space and food. They play significant role in defence against disease.  

Some studies done in coral defence are, corals can certainly adapt to the changing of environmental conditions 
rapidly by altering their population of symbiotic bacteria as coral resistance to disease by using Vibrio shiloi isolated 
fromOculina patagonica in amodel system of disease(Reshef et al., 2006).Corals may be able to control the colonies of 
mucus-associated bacteria by altering the composition of the mucus that could support the bacteria that inhibit potential 
pathogens (Rohwer and Kelly, 2004) 

Kvennerfors et al., (2011) investigated members of Pseudoalteromon as and ribo types or group of α-
proteobacteria isolated from Acropora millepora (Ehrenberg 1834) described as ‘type B associates’ that may be important 
functional groups in maintaining microbial communities bydisplaying potent antimicrobial activity against a range of 
other cultured isolates.   

The study of Martínez-Luis et al., (2011) described that Pseudoalteromonas sp.inhibited the growth of pathogenic 
bacteria, Bacillus subtillis and Vibrio sp. because ofcyclo–(L-Ph-L-Pro) and cyclo–(L-Leu-L-Pro) compoundscontained in 
the bacteria isolated fromOctocoral,Leptogorgia alba.  

Nissimov et al., (2009) reported that 9/156 bacteria associated to Oculina patagonicashowedbiocontrol potential 
ability against V. shiloi.Pseudoalteromonas sp.displayedthe strongest activity of biocontrol potential. 

Rypien et al., (2010) described that 69.9% of 67bacteriaisolated from Montastrea annularisshowed inhibitory 
activity against pairwise matches and against pathogenic Vibrio shiloi and V. coraliilyticus. 
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Another indicator of coral disease is the declining of coral agent photosynthetic end osymbiont algae or 
zooxanthellae caused by proximal of thermal breakdown characterized by symptoms of discoloration of pale look or even 
loss of color altogether. This incident is reflective of coral bleaching which can lead to other disease (Wooldridge, 2013). 

Coral symbiontor zooxanthellae of the genus Symbiodinium is an eukaryotic organism normally inhabitingcoral 
tissue (Baker, 2003; Rosenberg et al., 2004; Winters et al., 2009; Vollmer et al., 2012)atvery high densities (greater than 
106 cm−2) (Hoegh-Guldberg and Smith, 1989; Wooldridge, 2013). They provide coral the host with nutrition, synthesize 
and release precursor biochemical, and translo cate fixed carbon to the host (Vollmer et al., 2012). 

Zooxanthellae is very dependent on thermal condition, they are expelled from the tissue if temperature reaches 1 
to 2 °C above their normal range (Cervino et al., 2004). Another factor is lightcombined with high temperature in the 
environmental that will cause the loss of pigments and damage to photo systems. 

The zooxanthellae can then be used as an indicator to determinedeterioration in coral health which is called 
bleaching of hermatypic corals and is known by symptoms such as whitening in corals due to loss of either symbiotic algae 
or their pigments, or both(Jokiel and York, 1982; Jones, 1997). This severely differs between coral species and might lead 
to un-recovery and subsequently deathof corals due to seasonal change (Brown, 1997; Hoegh- Guldberg, 1999; Loya et al., 
2001; Ralph et al., 2001).  

Jones (1997) studied Acropora formosa in the reefs of Magnetic Island, Australia. At the time when water 
temperature ranged 32-34°C the zooxanthellae density decreased during and after bleaching. The same decrease in 
zooxanthellae densities were observed in Montastrea spp. of the Caribbean corals with infection and increase in 
temperature (Cervino et al., 2004); also happened during bleaching of 80-90% colonies of Oculina patagonica in the 
Mediterranean coast of Israel was directly correlated sea surface temperature was 26-30°C (Shenkar et al., 2006). 

In using the breakdown of the presence of zooxanthellae or symbiotic algal in understanding the complexity of 
coral relationships and its associated microbes, this study intended to identify if coral mucus associated bacteria has a 
biocontrol potential ability to perform a coral defense or none at all and eventually lead to a disease.In this experiment 
healthy coral is exposed to an open environment and treated accordingly. 

The aim of this study was to determine if H0: there is no significant difference in the number of zooxanthellae in 
the experiment of corals Acropora millepora (Ehrenberg, 1834) and Acropora aspera (Dana, 1846) by treatment with 
bacteria from diseased coral, bacteria from healthycoral, combinationof healthy and diseased bacteria compared to a 
control or if there is a significant difference between each treatmentin the number of zooxanthellae. 
 
2. Materials and Methods  
 
2.1. Fragments Preparation and Transplanting 

Colonies of healthy corals Acropora millepora (Ehrenberg, 1834) (Fig 5.1A) and Acropora aspera (Dana, 1846)(Fig 
5.1B) were collected from the reef site of Bantayanbeach; Dumaguete City and the experiments were carried out at the 
laboratory of the Institute of Environmental and Marine Sciences of Silliman University, Philippines. The coral fragments 
were then put in a rectangular tank for adjusting the environmental condition within 3-5 days for replanting preparation. 
For the experiment, a 5-10 cm fragment of each coral (Fig 5.1C) was cut out and was transplanted upon a 7x7 cm square 
block made of cement (Fig 5.1D). Each fragment then was attached to the block using the combination of marine epoxy and 
glue. The fragments then immediately were transferred into a plastics container filled with seawater which went in a 
setting under anexperimental design for different treatments (Fig 1E). 

 

 
Figure 1: Diagram of Preparation of Coral Transplantation, A) Acropora Millepora, 

B) Acropora Aspera, C) Coral Fragments, D). Transplanted Coral in Square Block Cement, 
E) Coral Fragments in Plastic Containers 

 
Six fragments of each coral species went under four different treatments condition with the biocontrol potential 

species bacteria only, with only the pathogenic species bacteria isolated from diseased coral, combination of the 
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pathogenic and biocontrol species bacteria, and without bacteria or control. These fragmentsin plastic containers were 
filled with seawater and placed in the tanks. Temperature and light were monitored with a HOBO pendant data logger. 

 
2.2. Experimental Design 

The plastic container contained each coral fragment of A. millepora (Ehrenberg, 1834) and A. as pera (Dana, 1846) 
for the experimental designs which were selected randomly using lottery method then was set up in a tank (see Figure 
5.2). The purpose of random placement is for each coral to have a specific environmental condition where it was placed in 
open air. The experiment continued for one week. 

The experimental design for A. aspera fragments in the plastic container in no. 1-6 was considered as the control 
group(AC), no. 7-12 were expelled to combine pathogenic bacteria and biocontrol potential bacteria (encoded as AHD), no. 
13-18 were treated with biocontrol potential bacteria only (encoded as AH), and no. 19-24 were treated with pathogenic 
bacteria only (encoded as AD). 

The experiment using A. millepora was treated as follows:each fragment in the plastic container no. 1-6 were 
control (MC), no. 7-12 wasadded with pathogenic species bacteria (encoded as MD), no. 13-18 wasadded with biocontrol 
potential species bacteria (encoded as MH) and no. 19-24 were added with combination of pathogenic bacteria and 
biocontrol potential bacteria (encoded as MHD) (Fig. 2).  

 

 
Figure 2: Experimental Design. Blue Color for A. Millepora (Ehrenberg, 1834) and  

Green for Color A. Aspera (Dana, 1846) 
 
2.3. Injection Experiment and Mucus Sampling 

Bacteria injection was a modification of Cervino et al., (2004) method. The potential bacteria and pathogenic 
species bacteria of Acropora millepora (Ehrenberg, 1834) and Acropora aspera (Dana, 1846) were selected using pair wise 
tests over 9 and 19 bacteria isolated from healthy and diseased, and 24  and 16 bacteria isolated from healthy and 
diseased corals respectively, were cultured in marine broth and were shaken for 24 h using a shaker. A total of 0.5 mL of 
mixed bacteria of 0.25 mL from the two cultures pathogenic or biocontrol potential bacteriathen was smeared by pouring 
it on the surface of each coral (Fig. 3). For the fragments that were treated with the combination of both bacteria, they 
were first treated with culture of the healthy coral or biocontrol potential bacteria to allow the colonizationfollowed on the 
next day with the culture of the diseased coral or pathogenic bacteria, to see if the biocontrol culture contributedto healthy 
condition of the corals. The experiment continued for 5 days. 

The inoculation of the pure is olates in this experiment used two isolates that were proven to have the ability as a 
biocontrol potential against pathogenic bacteria. For fragments of coral A. millepora, the biocontrol potential bacteria 
were HAM C and HAM F, while the pathogenic bacteria were DAM 8 and DAM 10. The species bacteria that were used for 
fragments of A. aspera for the biocontrol were HAAE and HAA V and for the pathogenic bacteria were DAA1 and DAA13.  

 

 
Figure 3: Bacteria Inoculation and Injection Process. A) Bacteria Growth in 

Petri Dish, B) Bacteria Broth Culture, C) Inoculation 
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A 19 mL of coral mucus was collected from the surface of the coral fragment in the container early in the morning 
between 7.10 to 7.30 AM by using a  sterile syringe without a needle and then right after that the mucus samples were 
directly brought to the laboratory for centrifugation. Samplings were done on the first day after coral transplantation (T1), 
the day after the injection and day 5th (T5) of the one week experiment (Fig.4). 

 

 
Figure 4: Sampling Scheme of the Experiment 

 
2.5. The Counting of Zooxanthellae Cells 

A modified method of Cervino et al., (2004), Jones, (1997) and Shenkar et al., (2006) were employed to quantify 
the number of zooxanthellae in the mucus as an indicator of the effect of the biocontrol potential of the bacteria. Mucus 
samples that were collected were taken to the laboratory and then centrifuged for15 minutes at 3000 rpm using an 
International Clinical centrifuge no.W7531, to retrieve the pellets (Fig. 5).To the mucus pellets were added with 1mLof 
10% formalin to preserve the zooxanthellae, then vortexed to completely mix. An aliquot of one drop of the sample was 
examined under HPO using a Motic microscope CAT no. 7101 Sail brand with 40x10 lens magnification. The number of 
zooxanthellae in 5HPO field were counted. Three replicates of 1 drop each were examined and the counts averaged. 

 

 
Figure 5: The Extraction of Zooxanthellae. A) 19 Ml of Samples, B) Centrifugation, 

C) Pellets Added with 1 Ml Of 10% Formalin, D) Examined the Number of 
Zooxanthellae under HPO Using a Motic Microscope, E (100) X), F (100x) the Zooxanthellae 

 
2.6. Statistical Analysis 

Relative densities per treatment were then compared using One-way ANOVA.  All statistical analyses were 
performed using SPSS. The dependent factor was the number of zooxanthella and the independent factor was 
thetreatment (bacterial culture that was added) and compared with the control group. Level of significance was set at 0.05. 
 
3. Results  
 
3.1. The Zooxanthellae 

Thenumber of zooxanthellae was countedwhere a decrease or increase is a determinant of the ability ofbiological 
control potential. 

The zooxanthellae were described as having variety of colors yellowish – brown that was determined under 
40x10 lens magnification microscope. It was shown that there were differences between zooxanthellae of coral A. 
millepora and A. aspera both in number and color (Fig6). 
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Figure 6: Pictures of Zooxanthellae Found In the Experiment of Coral A.  

Millepora (Ehrenberg, 1834) (A, B, C) and Coral A. Aspera (Dana, 1846) (D, E, F) 
  
3.2. The Challenge Experiment on the Fragments of Acropora Aspera (Dana, 1846)  

The experiment on the fragments of A. aspera without bacterial treatment (AC) showed that the mean number of 
zooxanthellae was higher on the first day than fifth day of sampling (Table 5.1, Fig. 5.7 and Appendix 5). The result of the 
One-way analysis of variance (ANOVA) (Table 5.2) test on the number of zooxanthellae in AC indicated there was no 
significant difference (F (1,10) = 0.725 Sig.(p) 0.415 > 0.05). 

The mean number of zooxanthellae in coral fragments treated with bacterial isolates from healthy A. aspera (AH) 
was higher in day fifth than first day of sampling. ANOVA test indicated the difference and was statistically significant (F 
(1,10) = 13.542 Sig.(p) 0.004 < 0.05).  

The mean number of zooxanthellae in coral fragments treated with bacterial isolates from diseased A. aspera(AD) 
was higher on the firstday of sampling compared to fifth day. However, this was not statistically significant (F (1,10) = 
0.145 Sig.(p) 0.711 > 0.05). 

The mean number of zooxanthellaein coral fragments treated with combination of the bacterial isolates from the 
mucus of healthy and diseased A. aspera(AHD) was higher on the first day of sampling thanthe fifth day. However, this was 
not statistically significant (F (1.10) = 0.005 Sig.(p) 0.946 > 0.05). 
 

Day AC AH AD AHD 
1 137.17 ± 64.577 168.33 ± 66.096 127.50 ± 99.532 168.83 ± 36.581 
5 114.00 ± 16.565 308.00 ± 65.379 111.50 ± 26.167 167.17 ± 45.460 

Levene statistics 4.376 (p = .063) .046 (p =.835) 2.481 (p = .146) .160 (p = .698) 
Table 1: Mean ± Standard Deviation of the Number of Zooxanthellae in Acropora Aspera (Dana, 1846)  

Groups AC = A. Aspera for Control; AH = A. Aspera Treated with Healthy Bacteria,  
AD = A. Aspera Treated with Diseased Bacteria; AHD = A. Aspera Treated with  

Healthy and Diseased Bacteria 
 

Homogeneity variance of mean of the number of zooxanthellae in group experiment of Acropora as pera 
fragments showed with Levene’s test that for all treatments the Sig. value werehigher than alpha of .05 (p > .05), the null 
hypothesis (no difference) for the assumption of homogeneity of variance is retained.There is no significant difference 
between group’s variances or the homogeneity of variance was assumed (table 5.4). 
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Figure 7: Line Graphic Mean of the Number of Zooxanthellae in Acropora Aspera (Dana, 1846)  

Groups, AC = A. Aspera for Control, AH = A. Aspera Treated with Healthy Bacteria,  
 AD = A. Aspera Treated with Diseased Bacteria, AHD = A. Aspera Treated with Healthy and Diseased Bacteria 

 
 

Treatments F Sig. P value 
AC .725 .415 .05 
AH 13.542 .004*  
AD .145 .711  

AHD .005 .946  
Table 2: Results of One-Way ANOVA Test Foracropora Aspera 

(Dana, 1846) Group 5 Days after Treatments 
*Significant Different 

 
3.3. The Challenge Experiment on the Fragments of Acropora Millepora (Ehrenberg, 1834)  

The experiment on the fragments of A. millepora without bacterial treatment (MC) showed that the mean number 
of zooxanthellae was higher on the first day than day fifth (Table 5.3, Fig. 5.8 and Appendix6). The result of the One-way 
analysis of variance (ANOVA) (Table 5.4) test on the number of zooxanthellae in AC indicated the difference and was 
statistically significant (F (1, 10) = 10.979 Sig. (p) 0.008 < 0.05). 

The mean number of zooxanthellaein coral fragments treated with bacterial isolates from the mucus of healthy A. 
millepora(MH) was higher in day fifth than day first. However, this was not statistically significant F (1, 10) = 4.664 Sig. (p) 
0.056 >0.05). 

The mean number of zooxanthellae in coral fragments treated with bacterial isolates from the mucus of diseased 
A. millepora(MD) was higher in the day first compared to day fifth. ANOVA test indicated the different and was statistically 
significant (F (1, 10) = 47.646 Sig. (p) 0.000 <0.05). 

The mean number of zooxanthellae in coral fragments treated with combination of bacterial isolates from the 
mucus of healthy and diseased A. millepora(MHD) was higher in day fifth than day first. However, this was not statistically 
significantF (1, 10) = .055 Sig. (p) 0.820 > 0.05). 

 
Day MC MH MD MHD 

1 274.00 ± 41.933 215.17 ± 59.115 297.83 ± 59.801 222.00 ± 56.391 
5 131.00 ± 97.040 391.83 ± 191.450 122.00 ± 17.810 237.83 ± 156.011 

Levene statistics 1.339 (p= .274) 3.315 (p= .099) 3.242 (p= .102) 2.181 (p= .171) 

Table 3: Mean ± Standard Deviation of the Number of Zooxanthellae in Acropora Millepora  
(Ehrenberg, 1834) Groups, MC = A. Millepora for Control, MH = A Millepora Treated with  

Healthy Bacteria; MD = A. Millepora Treated with Diseased Bacteria, 
MHD = A. Millepora Treated with Healthy and Diseased Bacteria 

 
Homogeneity variance of mean of the number of zooxanthellae in group experiment of A.millepora fragments 

showed that Levene’s test for all treatments showed that the Sig. value were higher than alpha of .05 (p > .05), the null 
hypothesis (no difference) for the assumption of homogeneity of variance is retain and conclude that there is no significant 
difference between group’s variances or the homogeneity of variance was assumed (table 3). 
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Figure 8: Line Graphic Mean of the Number of Zooxanthellae in Acropora Millepora (Ehrenberg, 1834)  

Groups, MC = A. Millepora for Control, MH = A. Millepora Treated with Healthy Bacteria,  
MD = A. Millepora Treated with Diseased Bacteria; MHD = A. Millepora  

Treated with Healthy and Diseased Bacteria 
 

Treatments F Sig. P value 
MC 10.979 .008* .05 
MH 4.664 .056  
MD 47.646 .000*  

MHD .055 .820  
Table 4 Results of One-Way ANOVA Test for Acropora Millepora 

(Ehrenberg, 1834) Group 5 Days after Treatments 
*Significant Different 

 
4. Discussion 

The biocontrol potential experiments showedthat the number of zooxanthellae was affected when challenged 
with the bacterial isolates used to treat the coral fragments.  

The number of zooxanthellae in the A.aspera coralfragments treated with bacterial isolates (HAA E and V) from 
healthy coral (AH treatment) increased twofold. This clearly illustrated that the bacteria was promoting the growth of the 
zooxanthellae. However, when these bacteria were co-inoculated with the isolates from diseased corals (DAA 1 and 13) 
the growth promoting ability was affected as shown bythe slight decrease in the number of zooxanthellae (AHD 
treatment). However, this was statistically insignificant (Table 5.1, 5.2; Fig 5.7). 

It is evident in this experiment that the bacterial isolates (DAA 1 and 13) from diseased corals were destructive to 
the zooxanthellae. 

The number of zooxanthellae in the A. millepora coral fragments treated with bacteria isolates (HAM C and F) 
from healthy coral (MH treatment) also increased. While promoting the growth of zooxanthellae these isolates also 
inhibited the effect of the bacterial isolates from diseased corals (DAM 8 and 10) since the number of zooxanthellae in 
MHD treatment increased. However, this was statistically insignificant (Table 5.3, 5.4; Fig 5.8). 

The bacterial isolates from the diseased corals (DAM 8 and 10)were destructive to the zooxanthellae (MD 
treatment) as shown by the 243% decrease in the number of zooxanthellae. 

The decrease in the number of zooxanthellae of the untreated coral fragments (AC and MC treatments) may have 
been attributed to a local disturbance in the individual plastic containers where the coral fragments were placed. 

Even though the statistical test rendered the mean number of the zooxanthellae unreliable the biocontrol 
potential of HAA E and V, HAM C and F seemed to be demonstrated in isolated cases. These experiments need to be further 
verified with more replicates. The coral fragments were placed in individual plastic containers which might have led to 
fluctuations in physical conditions.  

 
5. Conclusion 

The challenge experiments on the fragments of corals of A. millepora and A. as pera were not altogether uniform 
in results. 

It was remarkable to note that the inoculation with isolates from healthy A. millepora and A.aspera were 
promoting the growth of the zooxanthellae although statistics indicated significant result only in the case of A. aspera. This 
still suggests that the bacterial isolates found in healthy corals contribute to the healthy conditionof the coral by their 
growth promoting ability on the zooxanthellae. When the zooxanthellae growth is stimulated and promoted, the health of 
the coral is sustained regardless of a pathogen that needs to colonize first or in this experiment the inoculation of isolates 
from diseased coral DAA 1 and DAA 13. Their co-inoculation showed a minimal decrease of less than 1 % (p = 0.698) of 
zooxanthellae. This certainly needs further examination. 
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The co-inoculation of isolates from both healthy and diseased coral was most interesting since their effect on 
zooxanthellae count will reveal the prominence in effect of either isolates from healthy or diseased corals. From the slight 
increase of 7 % (p = 0.171) in zooxanthellae count in A. millepora one can be surmise that HAM C and HAM F possess 
biocontrol potential over DAM 8 and 10. These results require further investigation with more samples, using methods for 
determining specificity of the biocontrol activity, or using other indicators such as mitotic index and chlorophyll content in 
the zooxanthellae as used by the other authors (Shenkar et al., 2006; Cervino et al., 2004; Jones 1997). This will 
substantiate the effectivity of biocontrol activity.There were extraneous circumstances in the experimental conditions that 
were not avoided and might have required extended pre-experimental trials. 

The inoculation with isolates from mucus of diseased A. aspera and A. millepora were definitely destructive to the 
zooxanthellae population. The statistical test result requires further verification such as sample sizeincrease. 
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