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Abstract.

Coral is ecosystem in the coastal area which plays an important role in controlling nutrient cycle in the sea. This
research aimed to study the the nitrogen concentration in coral and to analyze the influence of nitrogen fixing bacteria
on the concentration of nitrogen in coral. The research was carried out by field observation, by taking coral reef
samples and analyzed in the laboratory for its nitrogen concentration and number of nitrogen fixing bacteria. Data
analysis was carried out by ANOVA and regression. The analysis resulted that there was a significant difference of
nitrogen concentration in massive and branching corals. However, there is no significant correlatio between the
sampling location and types of coral on the density of nitrogen fixing bacteria, both Nitrosomonas sp. and Nitrobacter
sp. Regression analysis showed that the concentration of nitrogen in coral tissue was not significantly related to the
density of nitrogen fixing bacteria. The result of this research implies that the concentration of nitrogen in the coral
tissue may be affected by many other factors.

Keywords: bacteria, coral, fixation, nitrogen, tissue

Introduction

As the development of coastal area increase, the problems related to the coastal ecosystem arises.
This includes the coral reef ecosystem which has the most important role in supporting marine biodiversity.
Coral also provides micro-biome which shows the relationship among organisms in the coral surface.
Various processes occur in the micro-biome, such as sulphur cycling, nitrogen fixing, as well as the it
defensive system (Krediet, Ritchie, Paul, & Teplitski, 2013).

Coral is a rocky organism that usually lives in the shallow marine ecosystem ranging from the
tropical to sub-tropical area. Ecologically, shallow coral reefs are considered as the huge source of benthic
nitrogen fixation (Diaz, 2017). The biodiversity in coral reef ecosystem is supported by the coral associated
organisms, such as sulphur recycling bacteria or nitrogen fixing bacteria. All of them existed in the coral
ecosystem and provide defense toward various threats.

As a living organism, coral absorbs various minerals to grow. One of the important nutrient for
coral is nitrogen. Nitrogen for coral is mainly provided by zooxanthelae which which lives mutalistically
with coral polyp (Krediet et al., 2013). Coral polyp is where various ecological processes occur. Various
physiological response due to the arising stress in the environment is detected and responded in the polyp
(Hohn & Merico, 2012).

Symbiodinium is the algae species which has mutualistic association with coral. However, the
micro-biome in coral is just recognized recently. The micro-biome is the system which provide support to
the organization of coral ecoystems which involved various microorganisms (Radecker, Pogoreutz,
Voolstra, Wiedenmann, & Wild, 2015). There are many function that the microbione provide. Among the
functions the microbiome provides, nitrogen cycling is considered as the most important process for coral
sustainability.
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There are several studies wich found that coral polyp also contain nitrogen fixing bacteria. Nitrogen
is an important element required by any plant to grow. However, in some cases the availability of nitrogen
in the coral reef ecosystem is limited. In this condition, nitrogen fixing is the main source for coral to
support its growth(Putnam, Barott, Ainsworth, & Gates, 2017). The nitrogen fixing bacteria are frequently
found in coral mucus (Lema, Willis, & Bourne, 2012).

The nitrogen fixing bacteria is commonly called diazotrophs. Nitrogen fixing bacteria are mostly
found in a reef building symbiotic coral as the source of nitrogen for coral's growth (Wang et al., 2015).
The bacteria favors the nitrogen supply to the coral organism directly through bacterivory, through polyp
and zooxanthelae (Diaz, 2017). The species of nitrogen fixing bacteria is varied among coral species and
locations. At least there are 23 species of nitrogen fixing bacteria. Nitrosomonas and nitrobacter are
frequently used as bioremediator for aquaculture. It is mostly functioned as the remediator for ammonia
and nitrite (Barik, Ram, Haldar, & Vardia, 2018).

Critical concern on the microbiological role on the coral reef ecosytem arises the question wether
the associated microorganism also affect the nutrien uptake by coral reef. Least information is known
regarding the processes and impact of the nitrogen fixing bacteria to the livelihood of coral community.
This research aimed to study the nitrogen concentration in coral and to analyze the influence of nitrogen
fixing bacteria on the concentration of nitrogen in coral.

Methods

The research was carried out in June — July 2019 in the area of Karimunjawa National Park. The
research was carried out by field observation. The research stations were located in Karimunjawa island,
Menjangan Kecil island, and Cemara Kecil island, while laboratory analysis was in the Tropical Marine
Biotechnology (TMB), Faculty of Fisheries and Marine Science Diponegoro University Semarang.

There were three sampling stations occupied in the research. Each station consisted of three
sampling spots. The objects of the research were including the concentration of Nitrogen in coral organisms
and the density of nitrogen fixing bacteria. Coral samples were obtained from two groups of coral
organisms, including the massive and branching corals. Thus, the research design applied 3 x 2 factorial
treatment.

The coral was sampled with the length of 10 cm. The coral samples were stored in a cool box an
identified in the laboratory for its density of nitrogen fixing bacteria and the concentration of nitrogen. The
bacteria were isolated from the coral and placed in the enrichment media (nutrient agar). The bacteria
collected as the object of the research was Nitrosomonas sp. and Nitrobacter sp.

Data analysis was carried out with ANOVA and regression. Multivariat ANOVA was carried out
to analyze the difference of nitrogen concentration and the abundance of nitrogen fixing bacteria.
Regression was carried out to analyze the influence of nitrogen fixing bacteria on the concentration of
nitrogen in the coral. The regression analysis was carried out through multiple regression to analyze the
simultaneous effect of nitrogen fixing bacteria, and curve estimation to analyze the effect of nitrogen fixing
bacteria separately. Analysis was carried out by SPSS.

Results

The result of the laboratory analysis showed that there was variation on the concentration of
nitrogen in coral samples. Generally, the concentration of nitrogen obtained from massive coral was lower
than that in the branching coral. The concentration of nitrogen in Cemara Kecil island was also higher than
in Karimunjawa and Menjangan Kecil for respective types of coral. Detailed result of laboratory analysis
and the statistical analysis for nitrogen concentration is presented in Table 1.

Table 1. Average concentration of nitrogen in coral (mg/kg) from each sample

. Types of Coral Total by
No. Location Massive | Branching | Location
1. | Karimunjawa 61.380%| 231.527% 146.453"
2. | Menjangan Kecil 73.6627| 197.390%| 135.526%




3. Cemara Kecil 160.223%|  221.486%| 190.855"
Total by Types of Coral 98.422%|  216.801"

Notation:

very low

low

moderate

Cells, coloumn (total by types of coral), and rows (total by location) with similar letter
indicates insignificant difference at a = 0.05

L - K
o

Table 1 shows that the average concentration of nitrogen in the coral was ranging from very low to
moderate. However, moderate nitrogen concentration was obtained from branching coral, while very low
concentration was obtained from massive coral. The concentration of nitrogen is considered as very low
within the range < 0.1 %, low within the range 0.1 — 0.2 and moderate within the range 0,2 — 0.5 (Wahyuni,
Kusnadi, & Honorita, 2017). Thus, it can be noted that massive coral has a lower accumulation of nitrogen.

Statistical data analysis showed that the nitrogen concentration was affected by the types of coral.
Massive coral tended to have lower nitrogen concentration than the branching coral. However, other
treatments did not show any significant effect on the nitrogen concentration. However, the difference in
nitrogen concentration affected by location, and types of coral altogether was noticeable. Data analysis
resulted F value for location was 2.311 (p = 0.142), types of coral showed the value of 28.285 (p = 0.000),
and combination of both 2.009 (p = 0.251).

Table 2. Average density of nitrogen fixing bacteria Nitrosomonas sp. (cfu/g) from each sample

. Types of Coral
No. Location Massive yElaoranching Total
1. |Karimunjawa 58.27x10°®@| 39.93x10°®@| 49.10x10°®
2. |Menjangan Kecil | 11.30x10°®| 15.00x10°®@| 13.15x10°®
3. |Cemara Kecil 11.07x105®| 64.33x10°®| 87.50x10°®
Total 93.98x10°%| 84.76x10°™

Notation: Cells, column (total by types of coral), and rows (total by location) with similar letter indicates
insignificant difference at a = 0.05

Statistical analysis showed that there was no significant effect of the source of coral samples and
the types of coral to the density of Nitrosomonas sp. Data analysis with univariate ANOVA showed that
the F value obtained from the location, types of coral and combination of both were 2.847 (p = 0.097),
0.107 (p = 0.749) and 0.753 (p = 0.492) respectively. Thus, it can be suggested that massive coral provided
better support to the nitrogen fixing bacteria. The environmental condition of Menjangan Kecil island was
also more supportive than the other two islands.

The average density of nitrogen fixing bacteria Nirobacter sp. is the las parameter observed in this
research. Assessment on the average density of Nitrobacter sp. showed that there was slight difference
between the massive and branching corals. However, branching coral had higher Nitrobacter sp. density
even though the difference was not significant. Noticeable difference was obtained from the bacterial
density in Karimunjawa island. The difference was obtained not only from the total average density, but
also in the density of respective massive and branching coral types. Table 3 presents the detailedNitrobacter
sp. density of the samples obtained from the research location.

Table 3. Average density of nitrogen fixing bacteria Nitrobacter sp. (cfu/gr) from each sample

. Types of Coral
No. Location Massive Branching Total
1. |Karimunjawa 96.57x10°®| 59.43x10°®@| 78.00x10°®
2. |Menjangan Kecil | 15.00x10°®| 19.67x10°®| 17.33x10°®

4



3. Cemara Kecil 15.33x10°®@| 16.90x10°®@] 16.12x10°P
Total 13.33x10°W [ 14.17x10%%

Notation: Cells, column (total by types of coral), and rows (total by location) with similar letter indicates
insignificant difference at o = 0.05

Table 3 shows that the density of Nitrobacter sp. in Karimunjawa National Park was higher than
the Nitrosomonas sp. However, there was no significant difference in the density of nitrogen fixing
bacteraia Nitrobacter sp. both partially and simultaneously. Statistical analysis with ANOVA showed the F
value of coral source, types of coral and combination of both were as much as 1.877 (p = 0.195), 0.037 (p
=0.851) and 0.313 (p = 0.737) respectively.

Among the results from the assessment of nitrogen concentration as well as the density of
Nitrosomonas sp. and Nitrobacter sp., it can be suggested that Karimunjawa always had the lowest value.
This could be due to the environmental condition of the island. However, further indepth research is needed
to study the possible causes.

The result of statisticsal tests showed tat the effect of nitrogen fixing bacteria showed that the
concentration of nitrogen in the coral was not related to the density of Nitrosomonas sp. nor Nitrobacter sp.
Both multiple regression and curve estimation analysis did not show the significance of the relationship.
Thus, it can be concluded that the concentration of nitrogen in coral is affected by some other factor, or
involves some other factors as moderator or as cooperating factor.

Discussion

The accumulation of nitrogen in massive and branching coral is suggested as the effect of growth
rate between the two. Nitrogen is required for coral metabolism. However, the environmental condition
significantly affect the concentration of nitrogen. Shaded environment tends to cause the increase of the
C/N ratio in coral. Moreover, the concentration of nitrogen is decreased along with the increasing depth
(Alamaru, Loya, Brokovich, Yam, & Shemesh, 2009).

The size of coral is related to its capability to tolerate environmental stress (Edmunds & Burgess,
2016). However, each coral species has its defensive method to overcome the environmental stress. The
response of coral toward environmental disturbance also involved the metabolic system provided by coral's
microstructure (Delgadillo-Nufio, Lifian-Cabello, Reyes-Gomez, & Soriano-Santiago, 2014).

Assessment of the abundance of nitrifying bacteria Nitrosomonas sp. showed that massive coral
had higher average density. The collected data as presented in Table 2 showed that higher density of
Nitrosomonas sp. in massive coral was obtained from all locations. Furthermore, the density of bacteria
from the coral sample obtained from Menjangan Kecil island was the highest, while Karimunjawa provided
the lowest density.

The sustainability of coral organisms relies on the nutrient suply. The symbiotic between coral and
the symbiodinium is highly reliable to the availability of nitrogen(Raddecker et al., 2015). The significant
difference between nitrogen concentration in massive and branching coral resulted in this research can be
caused by the absorption rate rather than the nitrification process. Higher nitrogen concentration in the
branching corals may be caused by polyp abundance. Branching coral tended to have larger surface due to
its three dimensional form, while the massive coral only has the top surface. Thus, since the sample was
collected in the same size, the abundance of coral polyp in the branching coral was more than the massive
coral. Thus, it affected the nitrogen absorption.

The abundance of nitrogen fixing bacteria indicates its nitrification rate provided by the community
(Zulfarina, Rusmana, Mubarik, & Santosa, 2017). It also indicates the potential nitrogen produced from the
nitrification process. However, the research found that there was no significant effect of the density of
Nitrosomonas sp. and Nitrobacter sp. to the concentration of nitrogen in coral tissue. The nitrification
process occurred in the polyp surface, but it mainly affects the nitrogen availability in the environment.
Unfortunately, the high nitrification rate is not followed by higher nitrogen uptake by coral organism.



The difference in the density of nitrogen fixing bacteria is dominantly caused by the environmental
condition. One of the affecting factors of nitrifying bacteria is the depth of which the bacteria sampled. The
abundance of nitrifying bacteria is higher in the shallow water (Smith, Damashek, Chavez, & Francis,
2016). Unfortunately, measurement on the depth of the sampling location was not carried out.

The bacteria is sensitive to the change of environmental condition, such a temperature (Diaz, 2017).
At the research location, Karimunjawa island is the most exploited area. Thus, anthropologic aspects may
play a role in changing the coral waters. However, this should be assured by investigat the condition of
coral reef ecosystem. Any environmental stress may break the symbiosis of coral and algae (zooxanthellae)
(Wooldridge, 2013). This may affect the other associated microorganisms in the polyp.

Nitrosomonas and Nitrobacter are frequently used as bioremediator in aquaculture. However, the
preferences of the two is not much understood. Related to the nitrogen fixing process in Karumunjawa
National Park, Nitrosomonas and Nitrobacter might have an important role in remediating coastal
environment. The density of both bacterias may be related to the high input of ammonia since Karimunjawa
island has been much exploited for tourism activities. Nitrosomonas and Nitrobacter mainly act as
bioremediator of both pollutant (Barik et al., 2018).

Even though nitrogen fixing bacteria exists in the coral mucus or tissue, but it's suggested that the
bacteria are associated with Symbiodinium rather than directly to the coral (Lema et al., 2012). This
explains why the Nitrosomonas sp. and Nitrobacter sp. did not influence the concentration of nitrogen
significantly.

The role of nitrogen fixing bacteria is obvious in the nitrogen limited environment (Putnam et al.,
2017). However, since the effect of Nitrosomonas sp. and Nitrobacter sp. in Karimunjawa National Park
remains insignificant, it can be concluded that the source of nitrogen is sufficient. Or otherwise, since the
coral growth requires nitrogen, the coral can not accumulate the nitrogen it consumed.

Conclusion

Based on the analysis result, the concentration of nitrogen is higher in branching coral as the impact
of its higher growth rate. However, the concentration of nitrogen in coral tissue is not affected by the
abundance of nitrogen fixing bacteria.
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Abstract.

in the coastal area which plays an important role in controlling nutrient cycle in the sea. This
research aimed to study the the nitrogen concentration in coral and to analyze the influence of nitrogen fixing bacteria
on the concentration of nitrogen in coral. The research was carried out by field observation, by taking coral reef
samples and analyzed in the laboratory for its nitrogen concentration and number of nitrogen fixing bacteria. Data
analysis was carried out by ANOVA and regression. The analysis resulted that there was a significant difference of
nitrogen concentration in massive and branching corals. However, there is no sw between the
sampling location and types of coral on the density of nitrogen fixing bacteria, both sp. and
sp. Regression analysis showed that the concentration of nitrogen in coral tissue was not significantly related to the
density of nitrogen fixing bacteria. The result of this research implies that the concentration of nitrogen in the coral
tissue may be affected by many other factors.

Keywords: bacteria, coral, fixation, nitrogen, tissue

Introduction UPCRASE (times new roman, 10 space 1)

As the development of coastal area increase, the problems related to the coastal ecosystem arises.
This includes the coral reef ecosystem which has the most important role in supporting marine biodiversity.
Coral also provides micro-biome which shows the relationship among organisms in the coral surface.
Various processes occur in the micro-biome, such as sulphur cycling, nitrogen fixing, as well as the it
defensive system (Krediet, Ritchie, Paul, & Teplitski, 2013).

Coral is a rocky organism that - lives in the shallow marine ecosystem ranging from the
tropical to sub-tropical area. Ecologically, shallow coral reefs are considered as the huge source of benthic
nitrogen fixation (Diaz, 2017). The biodiversity in coral reef ecosystem is supported by the coral associated
organisms, such as sulphur recycling bacteria or nitrogen fixing bacteria. All of them existed in the coral
ecosystem and provide defense toward various threats.

As @ living organism, coral absorbs various minerals to grow. One of the important nutrient for
coral is nitrogen. Nitrogen for coral is mainly provided by zooxanthelae which which lives mutalistically
with coral polyp (Krediet et al., 2013). Coral polyp is where various ecological processes occur. Various
physiological response due to the arising stress in the environment is detected and responded in the polyp
(Hohn & Merico, 2012).

Symbiodinium is the algae species which has mutualistic association with coral. However, the
micro-biome in coral is just recognized recently. The micro-biome is the system which provide support to

the organization of coral ecoystems which involved various microorganisms (Radecker, Pogoreutz,
Voolstra, Wiedenmann, & Wild, 2015). Among the
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functions the microbiome provides, nitrogen cycling is considered as the most important process for coral
sustainability.

There are several studies wich found that coral polyp also contain nitrogen fixing bacteria. Nitrogen
is an important element required by any plant to grow. However, in some cases the availability of nitrogen
in the coral reef ecosystem is limited. In this condition, nitrogen fixing is the main source for coral to
support its growth(Putnam, Barott, Ainsworth, & Gates, 2017). The nitrogen fixing bacteria are frequently
found in coral mucus (Lema, Willis, & Bourne, 2012).

The nitrogen fixing bacteria is commonly called diazotrophs. Nitrogen fixing bacteria are mostly
found in a reef building symbiotic coral as the source of nitrogen for coral's growth (Wang et al., 2015).
The bacteria favors the nitrogen supply to the coral organism directly through bacterivory, through polyp
and zooxanthelae (Diaz, 2017). The species of nitrogen fixing bacteria is varied among coral species and
locations. At least there are 23 species of nitrogen fixing bacteria. Nitrosomonas and nitrobacter are
frequently used as bioremediator for aquaculture. It is mostly functioned as the remediator for ammonia
and nitrite (Barik, Ram, Haldar, & Vardia, 2018).

Critical concern on the microbiological role on the coral reef BEOSYIeR arises the question wether
the associated microorganism also affect the nutrien uptake by coral reef. Least information is known
regarding the processes and impact of the nitrogen fixing bacteria to the livelihood of coral community.
This research aimed to study the nitrogen concentration in coral and to analyze the influence of nitrogen
fixing bacteria on the concentration of nitrogen in coral.

The research was carried out in June — July 2019 in the area of Karimunjawa National Park. The
research was carried out by field observation. The research stations were located in Karimunjawa island,
Menjangan Kecil island, and Cemara Kecil island, while laboratory analysis was in the Tropical Marine

Biotechnology (TMB), Faculty of Fisheries and Marine Science Diponegoro University Semarang.

There were three sampling stations occupied in the research. Each station consisted of three
sampling spots. The objects of the research were including the concentration of Nitrogen in coral organisms
and the density of nitrogen fixing bacteria. Coral samples were obtained from two groups of coral
organisms, including the massive and branching corals. Thus, the research design applied 3 x 2 factorial
treatment.

The coral was sampled with the length of 10 cm. The coral samples were stored in a cool box an
identified in the laboratory for its density of nitrogen fixing bacteria and the concentration of nitrogen. The
bacteria were isolated from the coral and placed in the enrichment media (nutrient agar). The bacteria
collected as the object of the research was h sp. and sp.

Data analysis was carried out with ANOVA and regression ANOVA was carried out
to analyze the difference of nitrogen concentration and the abundance of nitrogen fixing bacteria.
Regression was carried out to analyze the influence of nitrogen fixing bacteria on the concentration of
nitrogen in the coral. The regression analysis was carried out through multiple regression to analyze the
simultaneous effect of nitrogen fixing bacteria, and curve estimation to analyze the effect of nitrogen fixing
bacteria separately. Analysis was carried out by SPSS.

Results

The result of the laboratory analysis showed that there was variation on the concentration of
nitrogen in coral samples. Generally, the concentration of nitrogen obtained from massive coral was lower
than that in the branching coral. The concentration of nitrogen in Cemara Kecil island was also higher than
in Karimunjawa and Menjangan Kecil for respective types of coral. Detailed result of laboratory analysis
and the statistical analysis for nitrogen concentration is presented in Table 1.
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Table 4. Average concentration of nitrogen in coral (mg/kg) from each sample (CapitallEach Word)

. Types of Coral Total b
No. Location Massive | Branching Locatio)rlm
1. |Karimunjawa 61.3807| 231.527°| 146.453"
2. | Menjangan Kecil 73.662| 197.390%| 135.526%
3. | Cemara Kecil 160.223%|  221.486%| 190.855"
Total by Types of Coral 98.422%|  216.8017

Notation: * = very low

I = low

¢ = moderate

Cells, coloumn (total by types of coral), and rows (total by location) with similar letter
indicates insignificant difference at a = 0.05

Table 1 shows that the average concentration of nitrogen in the coral was ranging from very low to
moderate. However, moderate nitrogen concentration was obtained from branching coral, while very low
concentration was obtained from massive coral. The concentration of nitrogen is considered as very low
within the range < 0.1 %, low within the range 0.1 — 0.2 and moderate within the range 0,2 — 0.5 (Wahyuni,
Kusnadi, & Honorita, 2017). Thus, it can be noted that massive coral has a lower accumulation of nitrogen.

Statistical data analysis showed that the nitrogen concentration was affected by the types of coral.
Massive coral tended to have lower nitrogen concentration than the branching coral. However, other
treatments did not show any significant effect on the nitrogen concentration. However, the difference in
nitrogen concentration affected by location, and types of coral altogether was noticeable. Data analysis
resulted F value for location was 2.311 (p = 0.142), types of coral showed the value of 28.285 (p = 0.000),
and combination of both 2.009 (p = 0.251).

Table 5. Average density of nitrogen fixing bacteria Nitrosomonas sp. (cfu/g) from each sample (Capital

. Types of Coral
No. Location Massive Branching Total
1. |Karimunjawa 58.27x10°@| 39.93x10°®@| 49.10x10°®
2. |Menjangan Kecil | 11.30x10°®| 15.00x10°®| 13.15x10°®
3. |Cemara Kecil 11.07x10°®| 64.33x10°®| 87.50x10°"
Total 93.98x10°®| 84.76x10°%

Notation: Cells, column (total by types of coral), and rows (total by location) with similar letter indicates
insignificant difference at a = 0.05

Statistical analysis showed that there was no significant effect of the source of coral samples and
the types of coral to the density of Nitrosomonas sp. Data analysis with univariate ANOVA showed that
the F value obtained from the location, types of coral and combination of both were 2.847 (p = 0.097),
0.107 (p = 0.749) and 0.753 (p = 0.492) respectively. Thus, it can be suggested that massive coral provided
better support to the nitrogen fixing bacteria. The environmental condition of Menjangan Kecil island was
also more supportive than the other two islands.



The average density of nitrogen fixing bacteria Nirobacter sp. is the las parameter observed in this
research. Assessment on the average density of Niffobacter sp. showed that there was slight difference
between the massive and branching corals. However, branching coral had higher Nitrobacter sp. density
even though the difference was not significant. Noticeable difference was obtained from the bacterial
density in Karimunjawa island. The difference was obtained not only from the total average density, but
also in the density of respective massive and branching coral types. Table 3 presents the detailedNitrobacter
sp. density of the samples obtained from the research location.

. Types of Coral
No. Location Massive Branching Total
1. |Karimunjawa 96.57x10°®| 59.43x10°®@| 78.00x10°®
2. |Menjangan Kecil | 15.00x10°®| 19.67x10°®| 17.33x10°®
3. |Cemara Kecil 15.33x10°®| 16.90x10°®| 16.12x10°"
Total 13.33x10°¥| 14.17x10°®

Notation: Cells, column (total by types of coral), and rows (total by location) with similar letter indicates
insignificant difference at a = 0.05

Table 3 shows that the density of Nitrobacter sp. in Karimunjawa National Park was higher than
the Nitrosomonas sp. However, there was no significant difference in the density of nitrogen fixing
bacteraia Nitrobacter sp. both partially and simultaneously. Statistical analysis with ANOVA showed the F
value of coral source, types of coral and combination of both were as much as 1.877 (p = 0.195), 0.037 (p
=0.851) and 0.313 (p = 0.737) respectively.

Among the results from the assessment of nitrogen concentration as well as the density of
Nitrosomonas sp. and Nitrobacter sp., it can be suggested that Karimunjawa always had the lowest value.
This could be due to the environmental condition of the island. However, further indepth research is needed

to study the possible causes.
— of nitrogen fixing bacteria showed that the

concentration of nitrogen in the coral was not related to the density of Nitrosomonas sp. nor Nitrobacter sp.
Both multiple regression and curve estimation analysis did not show the significance of the relationship.
Thus, it can be concluded that the concentration of nitrogen in coral is affected by some other fagtor, or
involves some other factors as moderator or as cooperating factor.

Discussion

The accumulation of nitrogen in massive and branching coral is suggested as the effect of growth
rate between the two. Nitrogen is required for coral metabolism. However, the environmental condition
significantly affect the concentration of nitrogen. Shaded environment tends to cause the increase of the
C/N ratio in coral. Moreover, the concentration of nitrogen is decreased along with the increasing depth
(Alamaru, Loya, Brokovich, Yam, & Shemesh, 2009).

The size of coral is related to its capability to tolerate environmental stress (Edmunds & Burgess,
2016). However, each coral species has its defensive method to overcome the environmental stress. The
response of coral toward environmental disturbance also involved the metabolic system provided by coral's
microstructure (Delgadillo-Nuio, Lifian-Cabello, Reyes-Gémez, & Soriano-Santiago, 2014).




The sustainability of coral organisms relies on the nutrient suply. The symbiotic between coral and
the symbiodinium is highly reliable to the availability of nitrogen(Raddecker et al., 2015). The significant
difference between nitrogen concentration in massive and branching coral resulted in this research can be
caused by the absorption rate rather than the nitrification process. Higher nitrogen concentration in the
branching corals may be caused by polyp abundance. Branching coral tended to have larger surface due to
its three dimensional form, while the massive coral only has the top surface. Thus, since the sample was
collected in the same size, the abundance of coral polyp in the branching coral was more than the massive
coral. Thus, it affected the nitrogen absorption.

The abundance of nitrogen fixing bacteria indicates its nitrification rate provided by the community
(Zulfarina, Rusmana, Mubarik, & Santosa, 2017). It also indicates the potential nitrogen produced from the
nitrification process. However, the research found that there was no significant effect of the density of
Nitrosomonas sp. and Nitrobacter sp. to the concentration of nitrogen in coral tissue. The nitrification
process occurred in the polyp surface, but it mainly affects the nitrogen availability in the environment.
Unfortunately, the high nitrification rate is not followed by higher nitrogen uptake by coral organism.

The difference in the density of nitrogen fixing bacteria is dominantly caused by the environmental
condition. One of the affecting factors of nitrifying bacteria is the depth of which the bacteria sampled. The
abundance of nitrifying bacteria is higher in the shallow water (Smith, Damashek, Chavez, & Francis,
2016). Unfortunately, measurement on the depth of the sampling location was not carried out.

The bacteria is sensitive to the change of environmental condition, such a temperature (Diaz, 2017).
At the research location, Karimunjawa island is the most exploited area. Thus, anthropologic aspects may
play a role in changing the coral waters. However, this should be assured by ﬁthe condition of
coral reef ecosystem. Any environmental stress may break the symbiosis of coral and algae (zooxanthellae)
(Wooldridge, 2013). This may affect the other associated microorganisms in the polyp.

Nitrosomonas and Nitrobacter are frequently used as bioremediator in aquaculture. However, the
preferences of the two is not much understood. Related to the nitrogen fixing process in Karumunjawa
National Park, Nitrosomonas and Nitrobacter might have an important role in remediating coastal
environment. The density of both bacterias may be related to the high input of ammonia since Karimunjawa
island has been much exploited for tourism activities. Nitrosomonas and Nitrobacter mainly act as
bioremediator of both pollutant (Barik et al., 2018).

Even though nitrogen fixing bacteria exists in the coral mucus or tissue, but it's suggested that the
bacteria are associated with Symbiodinium rather than directly to the coral (Lema et al., 2012). This
explains why the Nitrosomonas sp. and Nitrobacter sp. did not influence the concentration of nitrogen
significantly.

The role of nitrogen fixing bacteria is obvious in the nitrogen limited environment (Putnam et al.,
2017). However, since the effect of Nitrosomonas sp. and Nitrobacter sp. in Karimunjawa National Park
remains insignificant, it can be concluded that the source of nitrogen is sufficient. Or otherwise, since the
coral growth requires nitrogen, the coral can not accumulate the nitrogen it consumed.

Conclusion (UPCRASE)

Based on the analysis result, the concentration of nitrogen is higher in branching coral as the impact
of its higher growth rate. However, the concentration of nitrogen in coral tissue is not affected by the
abundance of nitrogen fixing bacteria.

References (UPCRASE)

13



Alamaru, A., Loya, Y., Brokovich, E., Yam, R., & Shemesh, A. (2009). Carbon and nitrogen utilization in
two species of Red Sea corals along a depth gradient: Insights from stable isotope analysis of total
organic material and lipids. Geochimica et Cosmochimica Acta, 73, 5333-5342.

Barik, P., Ram, R., Haldar, C., & Vardia, H. K. (2018). Study on nitrifying bacteria as bioremediator of
ammonia in simulated aquaculture system. Journal of Entomology and Zoology Studies, 6, 1200—
1206.

Delgadillo-Nuio, M. A., Lifian-Cabello, M. A., Reyes-Gomez, J., & Soriano-Santiago, O. (2014). Response
to pH stress in the reef-building coral Pocillopora capitata (Anthozoa: Scleractinia). Revista de
Biologia Marina y Oceanografia, 49, 449-459.

Diaz, L. (2017). Response of the coral associated nitrogen fixing bacteria toward elevated water
temperature. Journal of Water Resources and Ocean Science, 6, 98-1009.

Edmunds, P. J., & Burgess, S. C. (2016). Size-dependent physiological responses of the branching coral
Pocillopora verrucosa to elevated temperature and PCO2. The Journal of Experimental Biology, 219,
3896-3906.

Hohn, S., & Merico, A. (2012). Modelling coral polyp calcification in relation to ocean acidification.
Biogeosciences, 9, 4441-4454.

Krediet, C. J., Ritchie, K. B., Paul, V. J., & Teplitski, M. (2013). Coral-associated micro-organisms and
their roles in promoting coral health and thwarting diseases. Proceedings of the Royal Society B:
Biological Sciences, 280, 1755.

Lema, K. A., Willis, B. L., & Bourne, D. G. (2012). Corals form characteristic associations with symbiotic
nitrogen-fixing bacteria. Applied and Environmental Microbiology, 78, 3136-3144.

Putnam, H. M., Barott, K. L., Ainsworth, T. D., & Gates, R. D. (2017). The vulnerability and resilience of
reef-building corals. Current Biology, 27, R528-R540.

Rédecker, N., Pogoreutz, C., Voolstra, C. R., Wiedenmann, J., & Wild, C. (2015). Nitrogen cycling in
corals: the key to understanding holobiont functioning? Trends in Microbiology, 23, 490-497.

Smith, J. M., Damashek, J., Chavez, F. P., & Francis, C. A. (2016). Factors influencing nitrification rates
and the abundance and transcriptional activity of ammonia-oxidizing microorganisms in the dark
northeast Pacific Ocean. Limnology and Oceanography, 61, 596-609.

Wahyuni, T., Kusnadi, H., & Honorita, B. (2017). Status unsur hara karbon organik dan nitrogen tanah
sawah tiga Kabupaten di Provinsi Bengkulu. In S. Herlinda (Ed.), Prosiding Seminar Nasional Lahan
Suboptimal (pp. 978-979). Palembang.

Wang, X. T., Sigman, D. M., Cohen, A. L., Sinclair, D. J., Sherrell, R. M., Weigand, M. A., ... Ren, H.
(2015). Isotopic composition of skeleton-bound organic nitrogen in reef-building symbiotic corals: A
new method and proxy evaluation at Bermuda. Geochimica et Cosmochimica Acta, 148, 179-190.

Wooldridge, S. A. (2013). Breakdown of the coral-algae symbiosis: towards formalising a linkage between
warm-water bleaching thresholds and the growth rate of the intracellular zooxanthellae.
Biogeosciences, 10, 1647-1658.

Zulfarina, Rusmana, |., Mubarik, N. R., & Santosa, D. A. (2017). The abundance of nitrogen fixing,
nitrifying, denitrifying and ammonifying bacteria in the soil of tropical rainforests and oil palm
plantations in Jambi. Makara Journal of Science, 21, 187-194.

14



7/15/2021 #31339 Review

SAINTEK PERIKANARN

Indonesian Journal of Fisheries Sciene and Technology

P-ISSN: 1858-4748
E-ISSN: 25490-0885
= Main Menu (#editorMenu)

Submission #31339

Summary
Submlssmn
(https:
Editors
( e Lundi id /index.php/saintek/ ®aui .

Status Edltlng (htt S:
(https://ejournal.undip.ac.id/index.php/saintek/ g4 i

Submlssmn Metadata
(https:
Review

Review Submlssmn

w Authors Suryanti Suryantl Supriharyono Supriharyono, Sigit Febrianto, Muslidin Aini
. ip.ac.id/index.php/saintek/editor/submissionReview/31339#peerReview) —-
Editor Decision DeCIswn redirectUrl =https%3A%2F%2Fejournal.undip.ac.id%2Findex.php%2Fsaintek%2Feditor%2FsubmissionReview%2F31339&t0%5B%5D="%22Suryanti %20Suryanti%22
(https://ejournal.undip.ac.id/index.php/ saintek/ editor/submidsthorestholan 3 oogle.com/scholar?q="Suryanti+Suryanti"+OR+ "Supriharyono+Supriharyono"+OR+ "Febrianto+Sigit"+OR+ "Aini+Muslidin"
Editing Title NITROGEN CONCENTRATION IN CORAL REEF: THE CONTRIBUTION OF CORAL FORMS AND NITROGEN FIXING BACTERIA IN KARIMUNJAWA ISLANDS
C_OEVM
( [tps://e

Scheduling
(https://ejournal.undip.ac.idindex.php/saintek/ &tlitersubRiuigrretiRE S10%NCRlAtRIng) = (https:

Version

Proofreading
(https://ejournal.undip.ac.id/index.php/saintek/ editor/subtyskhauEditing 53 3R ipnaofaaidn

History . .
Event Log Choose File | No file chosen

(https://ejournal.undip.ac.id/index.php/saintek

Email Log file;s
(https:/ /ei Lundi S "

Submlssmn Notes

Peer Review
Round 1

| | View Regrets, Cancels, Previous Rounds

Reviewer A Max Muskananfola
(Http://Www.Scopus.Com/Authid/Detail.Uri?
AuthorId=57053506800)

Review Form FORMULIR REVIEW

Request Underway Due Acknowledge
25-05-  25-05-2020 05-06-2020 2-06-2020
2020 (https://ejournal.undip.ac.id /index.php/saintek/editor/setDueDate/31339/19859)

Recommendation Revisions Required 02-06-2020

Uploaded files
31339-123148-1-RV.docx

06-2020 Let author view fﬂ:]

Reviewer rating 5High v C]

Editor Decision

Select = Accept Submission v Scholar Title Search (https://scholar.google.com/scholar?

decision q=NITROGEN+CONCENTRATION+IN+CORAL+REEF:+THE+CONTRIBUTION+OF+CORAL+FORMS+AND+NITROGEN+FIXING+BACTERIA++IN+KARIMUNJAWA+ISLANDS) |

Decision Accept Submission 02-06-2020

Editor/Author Email Record =)
; No  Comments

Review Version © 31339-91674-1-SM.pdf
(httpsi//ejournal.undip.ac.id/index.php/saintek/ editor/downloadFile/31339/91674/1) 02-06-2020 Sent 01-
07-2020

Author Version O 31339-91674-1-ED.doc

Editor Version None

No file chosen
[send to Copyeging]

15


https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEditing/31339#scheduling
http://www.scopus.com/authid/detail.uri?authorId=57053506800
http://www.scopus.com/authid/detail.uri?authorId=57053506800
https://ejournal.undip.ac.id/index.php/saintek/editor/submission/31339
https://ejournal.undip.ac.id/index.php/saintek/editor
https://ejournal.undip.ac.id/index.php/saintek/editor/submission/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submission/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submission/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submission/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submission/31339#editors
https://ejournal.undip.ac.id/index.php/saintek/editor/submission/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submission/31339#editors
https://ejournal.undip.ac.id/index.php/saintek/editor/submission/31339#editors
https://ejournal.undip.ac.id/index.php/saintek/editor/submission/31339#status
https://ejournal.undip.ac.id/index.php/saintek/editor/submission/31339#status
https://ejournal.undip.ac.id/index.php/saintek/editor/submission/31339#status
https://ejournal.undip.ac.id/index.php/saintek/editor/submission/31339#status
https://ejournal.undip.ac.id/index.php/saintek/editor/submission/31339#status
https://ejournal.undip.ac.id/index.php/saintek/editor/submission/31339#metadata
https://ejournal.undip.ac.id/index.php/saintek/editor/submission/31339#metadata
https://ejournal.undip.ac.id/index.php/saintek/editor/submission/31339#metadata
https://ejournal.undip.ac.id/index.php/saintek/editor/submission/31339#metadata
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionReview/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionReview/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionReview/31339
https://ejournal.undip.ac.id/index.php/saintek/user/email?redirectUrl=https%3A%2F%2Fejournal.undip.ac.id%2Findex.php%2Fsaintek%2Feditor%2FsubmissionReview%2F31339&to%5B%5D=%22Suryanti%20Suryanti%22%20%3Csuryantidr%40gmail.com%3E&to%5B%5D=%22Supriharyono%20Supriharyono%22%20%3Csuryantidr%40gmail.com%3E&to%5B%5D=%22Sigit%20Febrianto%22%20%3Cfebriantosigit40%40gmail.com%3E&to%5B%5D=%22Muslidin%20Aini%22%20%3Csuryantidr%40gmail.com%3E&subject=NITROGEN%20CONCENTRATION%20IN%20CORAL%20REEF%3A%20THE%20CONTRIBUTION%20OF%20CORAL%20FORMS%20AND%20NITROGEN%20FIXING%20BACTERIA%20%20IN%20KARIMUNJAWA%20ISLANDS&articleId=31339
https://ejournal.undip.ac.id/index.php/saintek/user/email?redirectUrl=https%3A%2F%2Fejournal.undip.ac.id%2Findex.php%2Fsaintek%2Feditor%2FsubmissionReview%2F31339&to%5B%5D=%22Suryanti%20Suryanti%22%20%3Csuryantidr%40gmail.com%3E&to%5B%5D=%22Supriharyono%20Supriharyono%22%20%3Csuryantidr%40gmail.com%3E&to%5B%5D=%22Sigit%20Febrianto%22%20%3Cfebriantosigit40%40gmail.com%3E&to%5B%5D=%22Muslidin%20Aini%22%20%3Csuryantidr%40gmail.com%3E&subject=NITROGEN%20CONCENTRATION%20IN%20CORAL%20REEF%3A%20THE%20CONTRIBUTION%20OF%20CORAL%20FORMS%20AND%20NITROGEN%20FIXING%20BACTERIA%20%20IN%20KARIMUNJAWA%20ISLANDS&articleId=31339
https://ejournal.undip.ac.id/index.php/saintek/user/email?redirectUrl=https%3A%2F%2Fejournal.undip.ac.id%2Findex.php%2Fsaintek%2Feditor%2FsubmissionReview%2F31339&to%5B%5D=%22Suryanti%20Suryanti%22%20%3Csuryantidr%40gmail.com%3E&to%5B%5D=%22Supriharyono%20Supriharyono%22%20%3Csuryantidr%40gmail.com%3E&to%5B%5D=%22Sigit%20Febrianto%22%20%3Cfebriantosigit40%40gmail.com%3E&to%5B%5D=%22Muslidin%20Aini%22%20%3Csuryantidr%40gmail.com%3E&subject=NITROGEN%20CONCENTRATION%20IN%20CORAL%20REEF%3A%20THE%20CONTRIBUTION%20OF%20CORAL%20FORMS%20AND%20NITROGEN%20FIXING%20BACTERIA%20%20IN%20KARIMUNJAWA%20ISLANDS&articleId=31339
https://scholar.google.com/scholar?q=%22Suryanti%2BSuryanti%22%2BOR%2B%22Supriharyono%2BSupriharyono%22%2BOR%2B%22Febrianto%2BSigit%22%2BOR%2B%22Aini%2BMuslidin%22
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEditing/31339#copyedit
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEditing/31339#copyedit
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEditing/31339#copyedit
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEditing/31339#copyedit
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEditing/31339#copyedit
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEditing/31339#copyedit
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEditing/31339#copyedit
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEditing/31339#copyedit
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEditing/31339#scheduling
https://ejournal.undip.ac.id/index.php/saintek/user/email?redirectUrl=https%3A%2F%2Fejournal.undip.ac.id%2Findex.php%2Fsaintek%2Feditor%2FsubmissionReview%2F31339&to%5B%5D=SAINTEK%20PERIKANAN%20Saintek%20%3Csaintek_perikanan%40live.undip.ac.id%3E&subject&articleId=31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEditing/31339#layout
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEditing/31339#layout
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEditing/31339#layout
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEditing/31339#layout
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEditing/31339#layout
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEditing/31339#proofread
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEditing/31339#proofread
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionHistory/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionHistory/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionHistory/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionHistory/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionHistory/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionHistory/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionHistory/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionHistory/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionHistory/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionHistory/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEmailLog/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEmailLog/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionEmailLog/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionNotes/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionNotes/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionRegrets/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionRegrets/31339
https://ejournal.undip.ac.id/index.php/saintek/editor/submissionRegrets/31339
http://www.scopus.com/authid/detail.uri?authorId=57053506800
https://ejournal.undip.ac.id/index.php/saintek/editor/setDueDate/31339/19859
https://ejournal.undip.ac.id/index.php/saintek/editor/downloadFile/31339/123148/1
https://ejournal.undip.ac.id/index.php/saintek/editor/emailEditorDecisionComment?articleId=31339
https://ejournal.undip.ac.id/index.php/saintek/editor/downloadFile/31339/91674/1
https://ejournal.undip.ac.id/index.php/saintek/editor/downloadFile/31339/91674/1
https://scholar.google.com/scholar?q=NITROGEN%2BCONCENTRATION%2BIN%2BCORAL%2BREEF%3A%2BTHE%2BCONTRIBUTION%2BOF%2BCORAL%2BFORMS%2BAND%2BNITROGEN%2BFIXING%2BBACTERIA%2B%2BIN%2BKARIMUNJAWA%2BISLANDS
https://scholar.google.com/scholar?q=NITROGEN%2BCONCENTRATION%2BIN%2BCORAL%2BREEF%3A%2BTHE%2BCONTRIBUTION%2BOF%2BCORAL%2BFORMS%2BAND%2BNITROGEN%2BFIXING%2BBACTERIA%2B%2BIN%2BKARIMUNJAWA%2BISLANDS
https://scholar.google.com/scholar?q=NITROGEN%2BCONCENTRATION%2BIN%2BCORAL%2BREEF%3A%2BTHE%2BCONTRIBUTION%2BOF%2BCORAL%2BFORMS%2BAND%2BNITROGEN%2BFIXING%2BBACTERIA%2B%2BIN%2BKARIMUNJAWA%2BISLANDS
https://scholar.google.com/scholar?q=NITROGEN%2BCONCENTRATION%2BIN%2BCORAL%2BREEF%3A%2BTHE%2BCONTRIBUTION%2BOF%2BCORAL%2BFORMS%2BAND%2BNITROGEN%2BFIXING%2BBACTERIA%2B%2BIN%2BKARIMUNJAWA%2BISLANDS

[EECEE] View My Stats Saintek Perikanan: Indonesian Journal of Fisheries Science and Technology (ISSN: 2549-0885) is published by Faculty of Fisheries and Marine Science, Universitas

https://ejournal.undip.ac.id/index.php/saintek/editor/submissionReview/31339 1/2

16


http://statcounter.com/p11395865/?guest=1
https://ejournal.undip.ac.id/index.php/saintek/index/

7/15/2021 #31339 Review

Diponegoro under Creative Commons Attribution-ShareAlike 4.0 International License.

Copyright ©2021 Universitas Diponegoro. Powered by Public Knowledge Project 0JS and Mason Publishing 0JS theme.

17


https://creativecommons.org/licenses/by-sa/4.0/
https://www.undip.ac.id/
https://pkp.sfu.ca/ojs/
https://github.com/masonpublishing/OJS-Theme

https://ejournal.undip.ac.id/index.php/saintek/editor/submissionReview/31339 2/2

18



Pengiriman Hasil Perbaikan Artikel

g 6 § & 0 ¢ D

Dr. Suryanti FPIK UNDIP

Yth Redaksi Saintek Perikanan

Dengan hormat

14
Tl'!’

> Wed

® @&

A

un 3, 2020. B8:30 PM I N

Di bawah ini dilampirkan perbaikan artikel kami sesuai dengan hasil review, mohon untuk dapat diterima Berkas juga sudah kami upload melalui ojs Saintek

Perikanan Nuwun

Salam Hormat
Dr. Suryanti

Best Regards,

Dr. Ir. Suryants, MP1

Department of Aquatic Resources

Faculty of Fishenies and Marine Sciences,
Diponegoro University, Semarang. Indonesia

19

G




NITROGEN CONCENTRATION IN CORAL REEF: THE
CONTRIBUTION OF CORAL FORMS AND NITROGEN FIXING
BACTERIA
IN KARIMUNJAWA ISLANDS

Suryanti Suryantit*, Supriharyono Supriharyono?, Sigit Febrianto®, Muslidin Aini?
! Departemen of Aquatic Resources, Faculty of Fisheries and Marine Science,
Universitas Diponegoro, Semarang, Indonesia
JI. Prof. Soedarto, SH Tembalang, Semarang, Central Java, Indonesia 50275
%Research Center, Coastal Enviromental and Fisheries,

JI. RA Kartini no 23, Rakam, Selong, Lombok Timur, NTB. Indonesia . 83619
Email: suryantidr@gmail.com

Received : 10 Mei 2020, Accepted : 18 Juni 2020

ABSTRACT

Coral is an ecosystem in the coastal area which plays an important role in controlling nutrient cycle in the sea. This
research aimed to study the the nitrogen concentration in coral and to analyze the influence of nitrogen fixing bacteria
on the concentration of nitrogen in coral. The research was carried out by field observation, by taking coral reef
samples and analyzed in the laboratory for its nitrogen concentration and number of nitrogen fixing bacteria. Data
analysis was carried out by ANOVA and regression. The analysis resulted that there was a significant difference of
nitrogen concentration in massive and branching corals. However, there is no significant correlation between the
sampling location and types of coral on the density of nitrogen fixing bacteria, both Nitrosomonas sp. and Nitrobacter
sp. Regression analysis showed that the concentration of nitrogen in coral tissue was not significantly related to the
density of nitrogen fixing bacteria. The result of this research implies that the concentration of nitrogen in the coral

tissue may be affected by many other factors.

Keywords: bacteria; coral; fixation; nitrogen; tissue

INTRODUCTION

As the development of coastal area increase,
the problems related to the coastal ecosystem arises.
This includes the coral reef ecosystem which has the
most important role in supporting marine biodiversity.
Coral also provides micro-biome which shows the
relationship among organisms in the coral surface.
Various processes occur in the micro-biome, such as
sulphur cycling, nitrogen fixing, as well as the it
defensive system (Krediet, Ritchie, Paul, & Teplitski,
2013).

Coral is a rocky organism that lives in the
shallow marine ecosystem ranging from the tropical to
sub-tropical area. Ecologically, shallow coral reefs are
considered as the huge source of benthic nitrogen
fixation (Diaz, 2017). The biodiversity in coral reef
ecosystem is supported by the coral associated
organisms, such as sulphur recycling bacteria or
nitrogen fixing bacteria. All of them existed in the
coral ecosystem and provide defense toward various
threats.
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As a living organism, coral absorbs various
minerals to grow. One of the important nutrient for
coral is nitrogen. Nitrogen for coral is mainly provided
by zooxanthelae which which lives mutalistically with
coral polyp (Krediet et al., 2013). Coral polyp is where
various ecological processes occur. Various
physiological response due to the arising stress in the
environment is detected and responded in the polyp
(Hohn & Merico, 2012).

Symbiodinium is the algae species which has
mutualistic association with coral. However, the
micro-biome in coral is just recognized recently. The
micro-biome is the system which provide support to
the organization of coral ecoystems which involved
various microorganisms (Radecker, Pogoreutz,
Voolstra, Wiedenmann, & Wild, 2015). Among the
functions the microbiome provides, nitrogen cycling is
considered as the most important process for coral
sustainability.

There are several studies wich found that
coral polyp also contain nitrogen fixing bacteria.
Nitrogen is an important element required by any plant
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to grow. However, in some cases the availability of
nitrogen in the coral reef ecosystem is limited. In this
condition, nitrogen fixing is the main source for coral
to support its growth(Putnam, Barott, Ainsworth, &
Gates, 2017). The nitrogen fixing bacteria are
frequently found in coral mucus (Lema, Willis, &
Bourne, 2012).

The nitrogen fixing bacteria is commonly
called diazotrophs. Nitrogen fixing bacteria are mostly
found in a reef building symbiotic coral as the source
of nitrogen for coral's growth (Wang et al., 2015). The
bacteria favors the nitrogen supply to the coral
organism directly through bacterivory, through polyp
and zooxanthelae (Diaz, 2017). The species of
nitrogen fixing bacteria is varied among coral species
and locations. At least there are 23 species of nitrogen
fixing bacteria. Nitrosomonas and nitrobacter are
frequently used as bioremediator for aquaculture. It is
mostly functioned as the remediator for ammonia and
nitrite (Barik, Ram, Haldar, & Vardia, 2018).

Critical concern on the microbiological role
on the coral reef ecosystem arises the question wether
the associated microorganism also affect the nutrien
uptake by coral reef. Least information is known
regarding the processes and impact of the nitrogen
fixing bacteria to the livelihood of coral community.
This research aimed to study the nitrogen
concentration in coral and to analyze the influence of
nitrogen fixing bacteria on the concentration of
nitrogen in coral.

RESEARCH METHODS

The research was carried out in June — July
2019 in the area of Karimunjawa National Park. The
research was carried out by field observation. The
research stations were located in Karimunjawa island,
Menjangan Kecil island, and Cemara Kecil island,
while laboratory analysis was in the Tropical Marine
Biotechnology (TMB), Faculty of Fisheries and
Marine Science Diponegoro University Semarang.

There were three sampling stations occupied
in the research. Each station consisted of three
sampling spots. The objects of the research were
including the concentration of Nitrogen in coral
organisms and the density of nitrogen fixing bacteria.
Coral samples were obtained from two groups of coral
organisms, including the massive and branching
corals. Thus, the research design applied 3 x 2 factorial
treatment.

Data collection was carried out through field
sampling followed by laboratory measurement and
identification. The coral was sampled with the length
of 10 cm. The coral samples were stored in a cool box
an identified in the laboratory for its density of
nitrogen fixing bacteria and the concentration of

nitrogen. The bacteria were isolated from the coral and
placed in the enrichment media (nutrient agar). The
bacteria collected as the object of the research was
Nitrosomonas sp. and Nitrobacter sp.

Data analysis was carried out with ANOVA
and regression. Multivariate ANOVA was carried out
to analyze the difference of nitrogen concentration and
the abundance of nitrogen fixing bacteria. Regression
was carried out to analyze the influence of nitrogen
fixing bacteria on the concentration of nitrogen in the
coral. The regression analysis was carried out through
multiple regression to analyze the simultaneous effect
of nitrogen fixing bacteria, and curve estimation to
analyze the effect of nitrogen fixing bacteria
separately. Analysis was carried out by SPSS.

RESULTS AND DISCUSSION

Data analysis was carried out with ANOVA
and regression. Multivariate ANOVA was carried out
to analyze the difference of nitrogen concentration and
the abundance of nitrogen fixing bacteria. Regression
was carried out to analyze the influence of nitrogen
fixing bacteria on the concentration of nitrogen in the
coral. The regression analysis was carried out through
multiple regression to analyze the simultaneous effect
of nitrogen fixing bacteria, and curve estimation to
analyze the effect of nitrogen fixing bacteria
separately. Analysis was carried out by SPSS.

Table 1 shows that the average concentration
of nitrogen in the coral was ranging from very low to
moderate. However, moderate nitrogen concentration
was obtained from branching coral, while very low
concentration was obtained from massive coral. The
concentration of nitrogen is considered as very low
within the range < 0.1 %, low within the range 0.1 —
0.2 and moderate within the range 0,2 — 0.5 (Wahyuni,
Kusnadi, & Honorita, 2017). Thus, it can be noted that
massive coral has a lower accumulation of nitrogen.

Table 7. Average Concentration of Nitrogen in Coral
(Mg/Kg) from Each Sample
_ Types of Coral_ Total by
Location Massive Branchin Location
9

1. Karimunjawa 61.380° 231.527%* 146.4537

No

a p
2. Menjangan 73.662" 197.390% 135.526¢
Kecil a p
3. CemaraKecil 160.223 221.486% 190.855¢
fa p

Total by Types 98.422" 216.801%

of Coral x

Notation : * = very low; { =low; ¢ =moderate; Cells,
coloumn (total by types of coral), and rows (total by



location) with similar letter indicates insignificant obtained not only from the total average density, but

difference at a = 0.05 also in the density of respective massive and branching
coral types. Table 3 presents the detailedNitrobacter
Statistical data analysis showed that the sp. density of the samples obtained from the research
nitrogen concentration was affected by the types of location.
coral. Massive coral tended to have lower nitrogen
concentration than the branching coral. However, Table 9. Average Density of Nitrogen Fixing Bacteria
other treatments did not show any significant effect on Nitrobacter sp. (cfu/gr) from Each Sample
the nitrogen concentration. However, the difference in No Location Types of Coral
nitrogen concentration affected by location, and types ' Massive Branching Total
of coral altogether was noticeable. Data analysis 1. Karimunjawa 96.57x10°@  59.43x10°® 78.00x10°®
resulted F value for location was 2.311 (p = 0.142), 2. Menjangan Kecil ~ 15.00x10%®  19.67x10%® 17.33x105®
types of coral showed the value of 28.285 (p = 0.000), 3. Cemara Kecil 15.33x10%@  16.90x108® 16.12x105(
and combination of both 2.009 (p = 0.251). Total 13.33x105%  14.17x105%)
Assessment of the abundance of nitrifying Notation: Cells, column (total by types of coral), and
bacteria Nitrosomonas sp. showed that massive coral rows (total by location) with similar letter indicates
had higher average density. The collected data as insignificant difference at o = 0.05
presented in Table 2 showed that higher density of
Nitrosomonas sp. in massive coral was obtained from Table 3 shows that the density of Nitrobacter
all locations. Furthermore, the density of bacteria from sp. in Karimunjawa National Park was higher than the
the coral sample obtained from Menjangan Kecil Nitrosomonas sp. However, there was no significant
island was the highest, while Karimunjawa provided difference in the density of nitrogen fixing bacteraia
the lowest density. Nitrobacter sp. both partially and simultaneously.
Statistical analysis with ANOVA showed the F value
Table 8. Average Density of Nitrogen Fixing Bacteria of coral source, types of coral and combination of both
Nitrosomonas Sp. (cfu/g) from Each Sample were as much as 1.877 (p = 0.195), 0.037 (p = 0.851)
No. Location ___Types of Coral and 0.313 (p = 0.737) respectively.
Massive  Branching Total Among the results from the assessment of
1. Karimunjawa 58.27x10°@ 39.93x10°®@ 49.10x4@F6Y  en concentration as well as the density of
2. Menjangan Kecil 11.30x10%® 15.00x10%® 13.15xM060®: omonas sp. and Nitrobacter sp., it can be
3. Cemara Kecil 11.07x10°® 64.33x10%® 87.50x4036# sted that Karimunjawa always had the lowest
Total 93.98x10°®  84.76x10%% value. This could be due to the environmental
Notation: Cells, column (total by types of coral), and condition of the island. However, further indepth
rows (total by location) with similar letter indicates research is needed to study the possible causes.
insignificant difference at o = 0.05 Statistical analysis to assess the influence of
nitrogen fixing bacteria showed that the concentration
Statistical analysis showed that there was no of nitrogen in the coral was not related to the density
significant effect of the source of coral samples and of Nitrosomonas sp. nor Nitrobacter sp. Both multiple
the types of coral to the density of Nitrosomonas sp. regression and curve estimation analysis did not show
Data analysis with univariate ANOVA showed that the the significance of the relationship. Thus, it can be
F value obtained from the location, types of coral and concluded that the concentration of nitrogen in coral is
combination of both were 2.847 (p = 0.097), 0.107 (p affected by some other factors, or involves some other
= 0.749) and 0.753 (p = 0.492) respectively. Thus, it factors as moderator or as cooperating factor.
can be suggested that massive coral provided better
support to the nitrogen fixing bacteria. The Discussion
environmental condition of Menjangan Kecil island The accumulation of nitrogen in massive and
was also more supportive than the other two islands. branching coral is suggested as the effect of growth
The average density of nitrogen fixing bacteria rate between the two. Nitrogen is required for coral
Nirobacter sp. is the las parameter observed in this metabolism. However, the environmental condition
research. Assessment on the average density of significantly affect the concentration of nitrogen.
Nitrobacter sp. showed that there was slight difference Shaded environment tends to cause the increase of the
between the massive and branching corals. However, C/N ratio in coral. Moreover, the concentration of
branching coral had higher Nitrobacter sp. density nitrogen is decreased along with the increasing depth
even though the difference was not significant. (Alamaru, Loya, Brokovich, Yam, & Shemesh, 2009).
Noticeable difference was obtained from the bacterial The size of coral is related to its capability to
density in Karimunjawa island. The difference was tolerate environmental stress (Edmunds & Burgess,

22



2016). However, each coral species has its defensive
method to overcome the environmental stress. The
response of coral toward environmental disturbance
also involved the metabolic system provided by coral's
microstructure  (Delgadillo-Nufio, Lifian-Cabello,
Reyes-Gomez, & Soriano-Santiago, 2014).

The sustainability of coral organisms relies
on the nutrient suply. The symbiotic between coral and
the symbiodinium is highly reliable to the availability
of nitrogen(Radecker et al., 2015). The significant
difference between nitrogen concentration in massive
and branching coral resulted in this research can be
caused by the absorption rate rather than the
nitrification process. Higher nitrogen concentration in
the branching corals may be caused by polyp
abundance. Branching coral tended to have larger
surface due to its three dimensional form, while the
massive coral only has the top surface. Thus, since the
sample was collected in the same size, the abundance
of coral polyp in the branching coral was more than
the massive coral. Thus, it affected the nitrogen
absorption.

The abundance of nitrogen fixing bacteria
indicates its nitrification rate provided by the
community (Zulfarina, Rusmana, Mubarik, &
Santosa, 2017). It also indicates the potential nitrogen
produced from the nitrification process. However, the
research found that there was no significant effect of
the density of Nitrosomonas sp. and Nitrobacter sp. to
the concentration of nitrogen in coral tissue. The
nitrification process occurred in the polyp surface, but
it mainly affects the nitrogen availability in the
environment. Unfortunately, the high nitrification rate
is not followed by higher nitrogen uptake by coral
organism.

The difference in the density of nitrogen
fixing bacteria is dominantly caused by the
environmental condition. One of the affecting factors
of nitrifying bacteria is the depth of which the bacteria
sampled. The abundance of nitrifying bacteria is
higher in the shallow water (Smith, Damashek,
Chavez, & Francis, 2016). Unfortunately,
measurement on the depth of the sampling location
was not carried out.

The bacteria is sensitive to the change of
environmental condition, such a temperature (Diaz,
2017). At the research location, Karimunjawa island is
the most exploited area. Thus, anthropologic aspects
may play a role in changing the coral waters. However,
this should be assured by investigating the condition
of coral reef ecosystem. Any environmental stress may
break the symbiosis of coral and algae (zooxanthellae)
(Wooldridge, 2013). This may affect the other
associated microorganisms in the polyp.

Nitrosomonas and Nitrobacter are frequently
used as bioremediator in aquaculture. However, the

23

preferences of the two is not much understood. Related
to the nitrogen fixing process in Karumunjawa
National Park, Nitrosomonas and Nitrobacter might
have an important role in remediating coastal
environment. The density of both bacterias may be
related to the high input of ammonia since
Karimunjawa island has been much exploited for
tourism activities. Nitrosomonas and Nitrobacter
mainly act as bioremediator of both pollutant (Barik et
al., 2018).

Even though nitrogen fixing bacteria exists in
the coral mucus or tissue, but it's suggested that the
bacteria are associated with Symbiodinium rather than
directly to the coral (Lema et al., 2012). This explains
why the Nitrosomonas sp. and Nitrobacter sp. did not
influence the concentration of nitrogen significantly.

The role of nitrogen fixing bacteria is obvious
in the nitrogen limited environment (Putnam et al.,
2017). However, since the effect of Nitrosomonas sp.
and Nitrobacter sp. in Karimunjawa National Park
remains insignificant, it can be concluded that the
source of nitrogen is sufficient. Or otherwise, since the
coral growth requires nitrogen, the coral can not
accumulate the nitrogen it consumed.

CONCLUSION

Based on the analysis result, the
concentration of nitrogen is higher in branching coral
as the impact of its higher growth rate. However, the
concentration of nitrogen in coral tissue is not affected
by the abundance of nitrogen fixing bacteria.
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ABSTRACT

Coral is an ecosystem in the coastal area which plays an important role in controlling nutrient cycle in the sea. This research aimed
to study the the nitrogen concentration in coral and to analyze the influence of nitrogen fixing bacteria on the concentration of
nitrogen in coral. The research was carried out by field observation, by taking coral reef samples and analyzed in the laboratory for
its nitrogen concentration and number of nitrogen fixing bacteria. Data analysis was carried out by ANOVA and regression. The
analysis resulted that there was a significant difference of nitrogen concentration in massive and branching corals. However, there is
no significant correlation between the sampling location and types of coral on the density of nitrogen fixing bacteria, both
Nitrosomonas sp. and Nitrobacter sp. Regression analysis showed that the concentration of nitrogen in coral tissue was not
significantly related to the density of nitrogen fixing bacteria. The result of this research implies that the concentration of nitrogen in

the coral tissue may be affected by many other factors.

Keywords: bacteria; coral; fixation; nitrogen; tissue

INTRODUCTION

As the development of coastal area increase, the
problems related to the coastal ecosystem arises. This includes
the coral reef ecosystem which has the most important role in
supporting marine biodiversity. Coral also provides micro-
biome which shows the relationship among organisms in the
coral surface. Various processes occur in the micro-biome,
such as sulphur cycling, nitrogen fixing, as well as the it
defensive system (Krediet, Ritchie, Paul, & Teplitski, 2013).

Coral is a rocky organism that lives in the shallow
marine ecosystem ranging from the tropical to sub-tropical
area. Ecologically, shallow coral reefs are considered as the
huge source of benthic nitrogen fixation (Diaz, 2017). The
biodiversity in coral reef ecosystem is supported by the coral
associated organisms, such as sulphur recycling bacteria or
nitrogen fixing bacteria. All of them existed in the coral
ecosystem and provide defense toward various threats.

As a living organism, coral absorbs various minerals
to grow. One of the important nutrient for coral is nitrogen.
Nitrogen for coral is mainly provided by zooxanthelae which
which lives mutalistically with coral polyp (Krediet et al.,
2013). Coral polyp is where various ecological processes
occur. Various physiological response due to the arising stress
in the environment is detected and responded in the polyp
(Hohn & Merico, 2012).

Symbiodinium is the algae species which has
mutualistic association with coral. However, the micro-biome
in coral is just recognized recently. The micro-biome is the
system which provide support to the organization of coral
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ecoystems which involved various microorganisms (Radecker,
Pogoreutz, Voolstra, Wiedenmann, & Wild, 2015). Among the
functions the microbiome provides, nitrogen cycling is
considered as the most important process for coral
sustainability.

There are several studies wich found that coral polyp
also contain nitrogen fixing bacteria. Nitrogen is an important
element required by any plant to grow. However, in some cases
the availability of nitrogen in the coral reef ecosystem is
limited. In this condition, nitrogen fixing is the main source for
coral to support its growth(Putnam, Barott, Ainsworth, &
Gates, 2017). The nitrogen fixing bacteria are frequently found
in coral mucus (Lema, Willis, & Bourne, 2012).

The nitrogen fixing bacteria is commonly called
diazotrophs. Nitrogen fixing bacteria are mostly found in a reef
building symbiotic coral as the source of nitrogen for coral's
growth (Wang et al., 2015). The bacteria favors the nitrogen
supply to the coral organism directly through bacterivory,
through polyp and zooxanthelae (Diaz, 2017). The species of
nitrogen fixing bacteria is varied among coral species and
locations. At least there are 23 species of nitrogen fixing
bacteria. Nitrosomonas and nitrobacter are frequently used as
bioremediator for aquaculture. It is mostly functioned as the
remediator for ammonia and nitrite (Barik, Ram, Haldar, &
Vardia, 2018).

Critical concern on the microbiological role on the
coral reef ecosystem arises the question wether the associated
microorganism also affect the nutrien uptake by coral reef.
Least information is known regarding the processes and impact
of the nitrogen fixing bacteria to the livelihood of coral
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community. This research aimed to study the nitrogen
concentration in coral and to analyze the influence of nitrogen
fixing bacteria on the concentration of nitrogen in coral.

RESEARCH METHODS

The research was carried out in June — July 2019 in
the area of Karimunjawa National Park. The research was
carried out by field observation. The research stations were
located in Karimunjawa island, Menjangan Kecil island, and
Cemara Kecil island, while laboratory analysis was in the
Tropical Marine Biotechnology (TMB), Faculty of Fisheries
and Marine Science Diponegoro University Semarang.

There were three sampling stations occupied in the
research. Each station consisted of three sampling spots. The
objects of the research were including the concentration of
Nitrogen in coral organisms and the density of nitrogen fixing
bacteria. Coral samples were obtained from two groups of coral
organisms, including the massive and branching corals. Thus,
the research design applied 3 x 2 factorial treatment.

Data collection was carried out through field sampling
followed by laboratory measurement and identification. The
coral was sampled with the length of 10 cm. The coral samples
were stored in a cool box an identified in the laboratory for its
density of nitrogen fixing bacteria and the concentration of
nitrogen. The bacteria were isolated from the coral and placed
in the enrichment media (nutrient agar). The bacteria collected
as the object of the research was Nitrosomonas sp. and
Nitrobacter sp.

Data analysis was carried out with ANOVA and
regression. Multivariate ANOVA was carried out to analyze
the difference of nitrogen concentration and the abundance of
nitrogen fixing bacteria. Regression was carried out to analyze
the influence of nitrogen fixing bacteria on the concentration of
nitrogen in the coral. The regression analysis was carried out
through multiple regression to analyze the simultaneous effect
of nitrogen fixing bacteria, and curve estimation to analyze the

(Wahyuni, Kusnadi, & Honorita, 2017). Thus, it can be noted
that massive coral has a lower accumulation of nitrogen.

Table 1. Average Concentration of Nitrogen in Coral (Mg/Kg)
from Each Sample

. Types of Coral Total by
No. Location Massive  Branching Location
1. Karimunjawa 61.380™ 231.527'% 146.453%
2. Menjangan Kecil 73.662"  197.390%  135.526%
3. Cemara Kecil 160.223%  221.486°® 190.855”
Total by Types of ~ 98.422™  216.801'Y
Coral

Notation : * = very low; { =low; [ =moderate; Cells, coloumn
(total by types of coral), and rows (total by location) with
similar letter indicates insignificant difference at o = 0.05

Statistical data analysis showed that the nitrogen
concentration was affected by the types of coral. Massive coral
tended to have lower nitrogen concentration than the branching
coral. However, other treatments did not show any significant
effect on the nitrogen concentration. However, the difference in
nitrogen concentration affected by location, and types of coral
altogether was noticeable. Data analysis resulted F value for
location was 2.311 (p = 0.142), types of coral showed the value
of 28.285 (p = 0.000), and combination of both 2.009 (p =
0.251).

Assessment of the abundance of nitrifying bacteria
Nitrosomonas sp. showed that massive coral had higher
average density. The collected data as presented in Table 2
showed that higher density of Nitrosomonas sp. in massive
coral was obtained from all locations. Furthermore, the density
of bacteria from the coral sample obtained from Menjangan
Kecil island was the highest, while Karimunjawa provided the
lowest density.

Table 2. Average Density of Nitrogen Fixing Bacteria
Nitrosomonas Sp. (cfu/g) from Each Sample

effect of nitrogen fixing bacteria separately. Analysis was i Types of Coral
carried out by SPSS. No. Location Massive  Branching Total
1. Karimunjawa 58.27x10°® 39.93x10°® 49.10x10°®
RESULTS AND DISCUSSION 2. Menjangan Kecil ~ 11.30x10® 15.00x10%® 13.15x105®
3.  Cemara Kecil 11.07x10%® 64.33x10°® 87.50x10°")

Data analysis was carried out with ANOVA and
regression. Multivariate ANOVA was carried out to analyze
the difference of nitrogen concentration and the abundance of
nitrogen fixing bacteria. Regression was carried out to analyze
the influence of nitrogen fixing bacteria on the concentration of
nitrogen in the coral. The regression analysis was carried out
through multiple regression to analyze the simultaneous effect
of nitrogen fixing bacteria, and curve estimation to analyze the
effect of nitrogen fixing bacteria separately. Analysis was
carried out by SPSS.

Table 1 shows that the average concentration of
nitrogen in the coral was ranging from very low to moderate.
However, moderate nitrogen concentration was obtained from
branching coral, while very low concentration was obtained
from massive coral. The concentration of nitrogen is
considered as very low within the range < 0.1 %, low within
the range 0.1 — 0.2 and moderate within the range 0,2 — 0.5

Total 93.98x10%%  84.76x10°%

Notation: Cells, column (total by types of coral), and rows
(total by location) with similar letter indicates insignificant
difference at a.= 0.05

Statistical analysis showed that there was no
significant effect of the source of coral samples and the types
of coral to the density of Nitrosomonas sp. Data analysis with
univariate ANOVA showed that the F value obtained from the
location, types of coral and combination of both were 2.847 (p
=0.097), 0.107 (p = 0.749) and 0.753 (p = 0.492) respectively.
Thus, it can be suggested that massive coral provided better
support to the nitrogen fixing bacteria. The environmental
condition of Menjangan Kecil island was also more supportive
than the other two islands.

The average density of nitrogen fixing bacteria Nirobacter
sp. is the las parameter observed in this research. Assessment
on the average density of Nitrobacter sp. showed that there was
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slight difference between the massive and branching corals.
However, branching coral had higher Nitrobacter sp. density
even though the difference was not significant. Noticeable
difference was obtained from the bacterial density in
Karimunjawa island. The difference was obtained not only
from the total average density, but also in the density of
respective massive and branching coral types. Table 3 presents
the detailedNitrobacter sp. density of the samples obtained
from the research location.

Table 3. Average Density of Nitrogen Fixing Bacteria
Nitrobacter sp. (cfu/gr) from Each Sample

Types of Coral

No. Location

Massive Branching Total

1. Karimunjawa
2. Menjangan Kecil
3. Cemara Kecil

96.57x10°®  59.43x10°® 78.00x10°¢)
15.00x10@  19.67x105®@ 17.33x10°®
15.33x10%®  16.90x105® 16.12x10%®

Total 13.33x10%%  14,17x105®

Notation: Cells, column (total by types of coral), and rows
(total by location) with similar letter indicates insignificant
difference at a = 0.05

Table 3 shows that the density of Nitrobacter sp. in
Karimunjawa National Park was higher than the Nitrosomonas
sp. However, there was no significant difference in the density
of nitrogen fixing bacteraia Nitrobacter sp. both partially and
simultaneously. Statistical analysis with ANOVA showed the F
value of coral source, types of coral and combination of both
were as much as 1.877 (p = 0.195), 0.037 (p = 0.851) and 0.313
(p = 0.737) respectively.

Among the results from the assessment of nitrogen
concentration as well as the density of Nitrosomonas sp. and
Nitrobacter sp., it can be suggested that Karimunjawa always
had the lowest value. This could be due to the environmental
condition of the island. However, further indepth research is
needed to study the possible causes.

Statistical analysis to assess the influence of nitrogen
fixing bacteria showed that the concentration of nitrogen in the
coral was not related to the density of Nitrosomonas sp. nor
Nitrobacter sp. Both multiple regression and curve estimation
analysis did not show the significance of the relationship. Thus,
it can be concluded that the concentration of nitrogen in coral
is affected by some other factors, or involves some other
factors as moderator or as cooperating factor.

Discussion

The accumulation of nitrogen in massive and
branching coral is suggested as the effect of growth rate
between the two. Nitrogen is required for coral metabolism.
However, the environmental condition significantly affect the
concentration of nitrogen. Shaded environment tends to cause
the increase of the C/N ratio in coral. Moreover, the
concentration of nitrogen is decreased along with the
increasing depth (Alamaru, Loya, Brokovich, Yam, &
Shemesh, 2009).

The size of coral is related to its capability to tolerate
environmental stress (Edmunds & Burgess, 2016). However,
each coral species has its defensive method to overcome the
environmental stress. The response of coral toward
environmental disturbance also involved the metabolic system
provided by coral's microstructure (Delgadillo-Nufio, Lifian-
Cabello, Reyes-G6mez, & Soriano-Santiago, 2014).

The sustainability of coral organisms relies on the
nutrient suply. The symbiotic between coral and the
symbiodinium is highly reliable to the availability of
nitrogen(Radecker et al., 2015). The significant difference
between nitrogen concentration in massive and branching coral
resulted in this research can be caused by the absorption rate
rather than the nitrification process. Higher nitrogen
concentration in the branching corals may be caused by polyp
abundance. Branching coral tended to have larger surface due
to its three dimensional form, while the massive coral only has
the top surface. Thus, since the sample was collected in the
same size, the abundance of coral polyp in the branching coral
was more than the massive coral. Thus, it affected the nitrogen
absorption.

The abundance of nitrogen fixing bacteria indicates its
nitrification rate provided by the community (Zulfarina,
Rusmana, Mubarik, & Santosa, 2017). It also indicates the
potential nitrogen produced from the nitrification process.
However, the research found that there was no significant
effect of the density of Nitrosomonas sp. and Nitrobacter sp. to
the concentration of nitrogen in coral tissue. The nitrification
process occurred in the polyp surface, but it mainly affects the
nitrogen availability in the environment. Unfortunately, the
high nitrification rate is not followed by higher nitrogen uptake
by coral organism.

The difference in the density of nitrogen fixing
bacteria is dominantly caused by the environmental condition.
One of the affecting factors of nitrifying bacteria is the depth of
which the bacteria sampled. The abundance of nitrifying
bacteria is higher in the shallow water (Smith, Damashek,
Chavez, & Francis, 2016). Unfortunately, measurement on the
depth of the sampling location was not carried out.

The bacteria is sensitive to the change of
environmental condition, such a temperature (Diaz, 2017). At
the research location, Karimunjawa island is the most exploited
area. Thus, anthropologic aspects may play a role in changing
the coral waters. However, this should be assured by
investigating the condition of coral reef ecosystem. Any
environmental stress may break the symbiosis of coral and
algae (zooxanthellae) (Wooldridge, 2013). This may affect the
other associated microorganisms in the polyp.

Nitrosomonas and Nitrobacter are frequently used as
bioremediator in aquaculture. However, the preferences of the
two is not much understood. Related to the nitrogen fixing
process in Karumunjawa National Park, Nitrosomonas and
Nitrobacter might have an important role in remediating coastal
environment. The density of both bacterias may be related to
the high input of ammonia since Karimunjawa island has been
much exploited for tourism activities. Nitrosomonas and
Nitrobacter mainly act as bioremediator of both pollutant
(Barik et al., 2018).

Even though nitrogen fixing bacteria exists in the
coral mucus or tissue, but it's suggested that the bacteria are
associated with Symbiodinium rather than directly to the coral
(Lema et al., 2012). This explains why the Nitrosomonas sp.
and Nitrobacter sp. did not influence the concentration of
nitrogen significantly.

The role of nitrogen fixing bacteria is obvious in the
nitrogen limited environment (Putnam et al., 2017). However,
since the effect of Nitrosomonas sp. and Nitrobacter sp. in
Karimunjawa National Park remains insignificant, it can be
concluded that the source of nitrogen is sufficient. Or
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otherwise, since the coral growth requires nitrogen, the coral
can not accumulate the nitrogen it consumed.

CONCLUSION

Based on the analysis result, the concentration of
nitrogen is higher in branching coral as the impact of its higher
growth rate. However, the concentration of nitrogen in coral
tissue is not affected by the abundance of nitrogen fixing
bacteria.
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