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Abstract

:

Globally, coastal aquaculture is growing due to the large demand for marine products. Specific impacts caused by coastal aquaculture on the environment include the discharge of culture farm effluents, stress on ground water (the absence of recycling), nutrient pollution, and diseases of cultured animals. Three methods, integrated multitrophic aquaculture (IMTA), recirculating aquaculture system (RAS), and beneficial bacteria for aquaculture, have been developed to solve these problems. In this study, the advantages of IMTA and RAS were integrated to develop a novel multitrophic recirculating aquaculture system (MRAS) to adapt to the farm-scale culturing of milkfish (Chanos chanos). The photosynthetic bacteria Rhodovulum sulfidophilum was added to enhance the performance of the farm-scale milkfish MRAS. This setting could promote growth of beneficial bacteria, such as the nitrogen cycle-associated microbial community and the anoxygenic phototrophic Acidobacteria community. The ammonia level was reduced, and the total phosphorous level was stable in the water recycled in the MRAS. The cyanobacteria, algae, Vibrio, Escherichia, and other potential pathogenic bacteria communities were inhibited in the MRAS. This study provides an effective design of a water recycling aquaculture system. Milkfish, Asian tiger shrimp (Penaeus monodon), Asian hard clam (Meretrix lusoria), and seaweed (Gracilaria sp.) can be cultured and simultaneously produced in the system.
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1. Introduction


Globally, coastal aquaculture is growing due to the increasing demand for marine products for human consumption. Specific impacts of coastal aquaculture that are very common and that have severe consequences on the environment include the discharge of culture farm effluents, stress on ground water (the absence of recycling), nutrient pollution, and diseases of cultured animals [1].



Three methods, integrated multitrophic aquaculture (IMTA), recirculating aquaculture system (RAS), and beneficial bacteria for aquaculture, have been generally used to solve these problems. The design of IMTA provides byproducts (including waste) from one cultured species as inputs (e.g., fertilizers and foods) for another [2,3]. The advantage of IMTA is the ability to create balanced systems to make fish farming more sustainable using a combinatorial aquaculture (e.g., fish and shrimp) with inorganic extractive (e.g., seaweed) and organic extractive (e.g., shellfish) components. RAS was designed for the use with fish production where water exchange is limited. The major goal of RAS is the reduction of ammonia toxicity and nutrient pollution using filtration and/or biofiltration to maintain water quality to provide a suitable habitat for fish [4,5]. The main benefit of RAS is the ability to reduce the demand of fresh, clean water, and simultaneously maintain a healthy environment for fish.



There are three types of beneficial bacteria used in aquaculture. The first are bacteria that can maintain water quality, such as nitrifying bacteria [6,7]. The second are bacteria for bioaugmentation that are involved in the removal of organic pollutants from water [8,9,10]. The third are gut probiotics for cultured animals [11,12]. The photosynthetic bacteria Rhodovulum sulfidophilum have previously been used as a beneficial bacterium for aquaculture to improve the larval survival of marble goby Oxyeleotris marmorata [13,14].



In this study, the advantages of IMTA and RAS were integrated to develop a novel multitrophic recirculating aquaculture system (MRAS) for the farm-scale culture of milkfish (Chanos chanos). The objective of this study was to investigate the effects of MRAS on water quality maintenance for farm-scale milkfish culture. The photosynthetic bacteria Rhodovulum sulfidophilum were used as a beneficial bacterium to test its effect on the farm-scale milkfish MRAS. The chemical compositions and the structure of the microbial communities in the farm-scale milkfish MRAS were investigated and revealed.




2. Materials and Methods


2.1. Sediment Sampling and Sampling Site


Sediment and water were sampled from a farm-scale milkfish MRAS at the Mariculture Research Center, Fisheries Research Institute, Tainan, Taiwan, in August 2017. The latitude and longitude of the sampling site are 23°07′20.3″ N and 120°04′47.8″ E. Three sediment and water samples were collected from each culture pond at three different local positions of the culture pond.




2.2. Experimental Design


The design of a farm-scale MRAS for the culture of milkfish is shown in Figure 1A. Each unit was composed of one fish pond, one hard clam pond, and one seaweed pond. Milkfish (Chanos chanos) and Asian tiger shrimp (Penaeus monodon) were cocultured in the fish pond. The effluent of the fish pond flowed into the hard clam pond in which the Asian hard clam (Meretrix lusoria) was cultured. The effluent of the hard clam pond flowed into the seaweed pond in which the seaweed (Gracilaria sp.) was cultured. Finally, the effluent of the seaweed pond flowed into the fish pond. The cultivated species (milkfish, shrimp, hard clam, and seaweed) were continuously added, grown, and harvested in the MRAS. Therefore, milkfish, shrimp, and hard clam of different ages were present together simultaneously in the MRAS. The milkfish, hard clam, and seaweed ponds were 2500, 800, and 1700 m2 in area and 1.8, 1.5, and 0.5 m in depth, respectively. For each unit, water was circulated between the three ponds (in the sequence of fish, clam, and seaweed ponds) daily from 12:00 to 18:00 at a rate of about 84 m3 per hour. Two units were used for this study. In Unit a, 100 L of photosynthetic bacteria Rhodovulum sulfidophilum culture (105 CFU/ml) was added to the fish pond every two weeks. Unit b was used as a control unit without the addition of Rhodovulum sulfidophilum. The sampling timelines are shown in Figure 1B. The first sampling was performed on 14 April 2016. In total, five times of sampling for milkfish and hard clam ponds and three times of sampling for seaweed ponds were performed during a period of five months. Samples of water and sediment were collected for analysis of water chemical compositions and microbial communities.




2.3. Analysis of the Chemical Compositions of Water from MRAS


Water samples from MRAS were initially passed through a 1.20-μm glass–fiber membrane and then refiltered through a 0.45-μm nylon membrane. Chemical oxygen demand (COD), total nitrogen (TN), total phosphorus (TP), and NH4+ were measured using test kits and the Merck spectroquant Nova 60 instrument.




2.4. Next Generation Sequencing and Data Analysis


Total DNA from water and sediment samples of MRAS were extracted using the PowerSoil DNA Isolation Kit (QIAGEN, Hilden, Germany). The 16S rRNA gene sequences of the V5–V8 variable regions were amplified using the 5’ primer containing an Illumina adaptor (5’-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-3’) and a 16S rRNA gene-specific sequence (5’-CCTACGGGNBGCASCAG-3’). The sequence of the 3’ primer contained an Illumina adaptor (5’-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-3’) and a 16S rRNA gene-specific sequence (5’-GACTACNVGGGTATCTAATCC-3’). The PCRs were performed as previously described [10]. Next-generation sequencing (NGS) was performed at the Genome Center of the National Yang-Ming University, Taiwan using the MiSeq platform (Illumina, Inc., San Diego, California, USA), and the NGS data analysis was performed as described previously [15]. Briefly, sequences that passed the chimera check were applied to the classifier software of the Ribosomal Database Project (https://rdp.cme.msu.edu/) for phylogenetic assignment [16]. Specific microbial communities (such as the nitrogen cycle) were identified by integration of NGS data and the bacterial/archaeal list of the Kyoto Encyclopedia of Genes and Genomes (KEGG) modules [17]. The proportion of each phylotype (operational taxonomic unit, OUT/genus) in each sample is defined as the formula: Proportion of phylotype for each sample = number of sequences of the phylotype/total number of sequences of the sample. Microbial composition differences between two sets of samples (with and without the addition of Rhodovulum sulfidophilum) were identified using the Mann–Whitney U test by the wilcox.test function of R [18]. A p-value less than 0.05 was considered to be statistically significant. Data of microbial communities are provided as in Table S1.





3. Results


3.1. Chemical Compositions in the Water of the MRAS


The nitrogen, phosphorus, and chemical oxygen demand were examined to access the water quality of the farm-scale milkfish MRAS. As shown in Figure 2, the concentrations of ammonia, total nitrogen, and chemical oxygen demand (COD) in Unit b were reduced in the water from the fish pond to the hard clam pond. These results indicate that the design of the MRAS is effective for water recycling and sustainability for farm-scale coastal aquaculture of milkfish.



As shown in Figure 2A, the ammonia concentration in the water of Unit a (with the addition of Rhodovulum sulfidophilum) was less than 1/2 of the ammonia concentration in the water of Unit b. The total phosphorus concentration of Unit a was more stable than that of Unit b (Figure 2C). The total nitrogen concentration and the chemical oxygen demand of Units a and b exhibited no difference (Figure 2B,D). These results indicate that the addition of Rhodovulum sulfidophilum enhanced the performance of the MRAS. The major contributions of Rhodovulum sulfidophilum addition were ammonia reduction and total phosphorus stabilization.



To further understand why Rhodovulum sulfidophilum addition greatly reduced ammonia in the system, the metagenomic approach was used to analyze the changes of the nitrogen cycle associated microbial community in the MRAS. The nitrogen cycle is composed of reactions such as nitrogen fixation, nitrification, denitrification, and nitrate reduction. Overall, and as shown in Figure 3B, the nitrification community containing ammonium-oxidizing bacteria (AOB) and nitrite-oxidizing bacteria (NOB) exhibited a higher proportion in the sediments of the fish ponds and hard clam ponds in Unit a (with Rhodovulum sulfidophilum addition). The proportion of the denitrification community is also slightly higher in the sediments of the fish and hard clam ponds of Unit a (Figure 3D). The proportion of nitrogen fixation, dissimilatory nitrate reduction, and assimilatory nitrate reduction communities was higher in the water of the hard clam pond (Figure 4A) and the sediment of the fish and hard clam ponds of Unit a (Figure 4 and Figure 5). Based on Figure 3, Figure 4 and Figure 5, the proportion of the nitrogen cycle associated microbial community was higher in Unit a. These results indicated that the nitrogen cycle was more active in Unit a, which may have resulted in a lower ammonia concentration in Unit a (Figure 2A and Figure 5C).




3.2. Analysis of Photosynthetic Bacteria, Cyanobacteria, and Algae Communities


It was previously known that the concentration of ammonia can affect the growth of photosynthetic bacteria, cyanobacteria, and algae in water [19,20]; therefore, the community compositions of these microbes in the MRAS water and sediment were analyzed. As shown in Figure 6A, the proportion of cyanobacteria in the water of Unit b (without Rhodovulum sulfidophilum addition) was significantly higher than that of Unit a. Moreover, a higher proportion of algae appears in the hard clam pond water of Unit b (Figure 6C). By contrast, the proportions of anoxygenic photosynthetic bacteria (the genera of purple sulfur bacteria, purple nonsulfur bacteria, green sulfur bacteria, and phototrophic Heliobacteria) were slightly higher in the water of Unit a (Figure 7B). A higher proportion of Acidobacteria (filamentous anoxygenic phototrophs) was found in the hard clam pond sediment of Unit a (Figure 7D). These results suggest that the addition of Rhodovulum sulfidophilum led to an increase in anoxygenic photosynthetic bacteria communities and that the cyanobacteria and algae communities were inhibited.




3.3. Analysis of Potential Pathogenic Bacterial Communities


Five bacterial genera (Escherichia, Shigella, Vibrio, Clostridium, and Enterococcus) with potential pathogens [21,22] and water quality [23] indicators were examined. As shown in Figure 8, the proportion of Escherichia, Shigella, and Vibrio was higher in the water of Unit a. However, the proportion of Escherichia, Shigella, and Vibrio was decreased in the sea weed pond. By contrast, the proportion of Escherichia/Shigella was higher in the sediment of Unit b. The overall proportions of these five bacterial genera were less than 1.4% and 1.8% in the water and sediment, respectively. The bacterial genera with potential pathogens in the systems were also examined (Figure 9). The proportions of potential pathogenic bacteria were higher in the water of Unit a and decreased in the sea weed pond. The overall proportions of potential pathogenic bacteria were less than 1% and 0.3% in the water and sediment, respectively. These results indicate that a combination of MRAS with the addition of Rhodovulum sulfidophilum could effectively inhibit the growth of potential pathogenic bacteria, and the quality of recycling water was maintained very well.





4. Discussion


Intensive land-based fish and shrimp farms produce wastewater high in organic matter (e.g., feed residues, feces, and algal detritus) which is discharged in the effluent and disperses in the environment, causing eutrophication in coastal regions [24,25,26]. In arid regions, where fresh water is scarce, aquaculture wastewater is an alternative water resource. Irrigation with aquaculture wastewater may affect the soil microbial community composition and functional diversity. Consequently, the changes in the soil environment would be significant [27]. Reducing aquaculture impacts on the environment is still a scientific challenge [28].



The design of IMTA has several advantages to address the aquaculture impacts on the environment. However, the application of IMTA is mainly for inshore and offshore open water fields [29,30,31] that are not suitable for coastal aquaculture of milkfish. The design of RAS is suitable for milkfish. However, the facility for filtration and/or biofiltration after culture harvest produces new wastes and problems. Therefore, Shinn-Lih Yeh (from the Mariculture Research Center, Fisheries Research Institute, Taiwan) designed a MRAS that integrated the advantages of IMTA and RAS and is suitable for coastal aquaculture of milkfish on land fields. The MRAS, using the advantages of RAS, not only largely reduced the demand of fresh, clean water but also reduced the amount of wastewater and consequently reduced the aquaculture pollutions on the environment. Moreover, the MRAS, using the advantages of IMTA, raised the water quality after culture harvest. The facility for filtration and/or biofiltration in RAS is replaced by a hard clam pond and a sea weed pond in the MRAS. No additional waste needs to be discarded and processed for the MRAS after culture harvest.



The NGS data in this study indicated that the overall levels of Vibrio, Escherichia, and other potential pathogenic bacteria were lower than 2% in the farm-scale milkfish MRAS. Milkfish (Chanos chanos), Asian tiger shrimp (Penaeus monodon), Asian hard clam (Meretrix lusoria), and seaweed (Gracilaria sp.) were cultured and simultaneously produced in the MRAS.



The application of Rhodovulum sulfidophilum further enhanced the performance of the MRAS. The addition of Rhodovulum sulfidophilum promoted the growth of the nitrogen cycle-associated microbial community and reduced the concentration of ammonia. Reduction of the ammonia concentration may reduce the growth of the cyanobacteria and algae communities and prevent the occurrence of cyanobacteria and alga blooming and eutrophication. It seems likely that the addition of Rhodovulum sulfidophilum also promotes the growth of other beneficial bacteria, such as phototrophic Acidobacteria. Photosynthetic bacteria have been used as beneficial bacteria in aquaculture and affect the water quality and microbiota of the culture pond [32,33]. Growth of these anoxygenic phototrophs may also contribute to the prevention of the growth of cyanobacteria and algae communities. A low ammonia concentration, low cyanobacteria and algae communities, and low coliform and pathogenic bacteria simultaneously provide a healthy environment for fish, shrimp, and clam growth in the MRAS.




5. Conclusions


This study provides an effective design of a water recycling aquaculture system. The system can be used on coastal land fields and greatly reduces the demand for aquaculture water resources, aquaculture wastewater discharge, and marine pollution and is conducive to the sustainable use of water resources.
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Figure 1. Experimental design and sampling timelines. (A) The design of the milkfish multitrophic recirculating aquaculture system. Unit a: The addition of Rhodovulum sulfidophilum; Unit b: The control without the addition of Rhodovulum sulfidophilum. (B) Sampling timelines. PC1-5: Five times of sampling of milkfish pond, PM1-5: Five times of sampling of hard clam pond, and PG1-3: Three times of sampling of seaweed pond. PC: Milkfish pond, PM: Hard clam pond, and PG: Seaweed pond. 
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Figure 2. Chemical compositions in the milkfish multitrophic recirculating the aquaculture system. (A) ammonia; (B) total nitrogen, TN; (C) total phosphorus, TP; and (D) chemical oxygen demand, COD. PC: Milkfish pond, PM: Hard clam pond, and PG: Seaweed pond. (+) Rhodo: The MRAS with the addition of Rhodovulum sulfidophilum; (-) Rhodo: The MRAS without the addition of Rhodovulum sulfidophilum. Data from three measurements are presented as mean ± SE. 
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Figure 3. Differences of the nitrifying bacteria community in the milkfish multitrophic recirculating aquaculture system. The proportion of ammonium-oxidizing bacteria (AOB) and nitrite-oxidizing bacteria (NOB) in the water (A) and sediment (B) of the milkfish multitrophic recirculating aquaculture system. The proportion of denitrification bacteria in the water (C) and sediment (D) of the milkfish multitrophic recirculating aquaculture system. The p-values of comparison between overall proportions of the microbial community of Units a and b by the Mann–Whitney U test are 0.014, 0.544, 0.034, and 0.336 for (A–D), respectively. IN: Gateway of seawater influent, PC: Milkfish ponds, PM: Hard clam ponds, PG: Seaweed ponds, a: Unit a and b: Unit b. The Y-axis represents the proportion (%) of 16S sequences of each bacterial/archaea genus in the next-generation sequencing data of each sample. 
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Figure 4. The nitrogen fixation community in the water (A) and sediment (B) of the milkfish multitrophic recirculating aquaculture system. Dissimilatory nitrate reduction community in the water (C) and sediment (D) of the milkfish multitrophic recirculating aquaculture system. The p-values of comparison between overall proportions of the microbial community of Units a and b by the Mann–Whitney U test are 0.014, 0.044, 0.026, and 0.389 for (A–D), respectively. IN: Gateway of seawater influent, PC: Milkfish ponds, PM: Hard clam ponds, PG: Seaweed ponds, a: Unit a and b: Unit b. The Y-axis represents the proportion (%) of 16S sequences of each bacterial/archaea genus in the next-generation sequencing data of each sample. 
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Figure 5. The assimilatory nitrate reduction community in the water (A) and sediment (B) of the milkfish multitrophic recirculating aquaculture system. (C) The nitrogen cycle pathways. Red arrows indicate that the pathway-associated microbial communities increased in the milkfish multitrophic recirculating aquaculture system with the addition of Rhodovulum sulfidophilum (Unit b). The green arrow indicates that the ammonia concentration decreased in Unit b. The p-values of comparison between overall proportions of the microbial community of Units a and b by the Mann–Whitney U test are 0.003 and 0.113 for (A,B). IN: Gateway of seawater influent, PC: Fish ponds, PM: Hard clam ponds, PG: Seaweed ponds, a: Unit a and b: Unit b. The Y-axis represents the proportion (%) of 16S sequences of each bacterial/archaea genus in the next-generation sequencing data of each sample. 
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Figure 6. Differences of the cyanobacteria and algae community in the milkfish multitrophic recirculating aquaculture system. Proportion of cyanobacteria (genera) in the water (A) and sediment (B). Proportion of algae (classes) in the water (C) and sediment (D). The p-values of comparison between overall proportions of the microbial community of Units a and b by the Mann–Whitney U test are 0.003, 0.223, 0.336, and 0.153 for (A–D), respectively. IN: Gateway of seawater influent, PC: Fish ponds, PM: Hard clam ponds, PG: Seaweed ponds, a: Unit a and b: Unit b. The Y-axis represents the proportion (%) of 16S sequences of each bacterial/archaea genus in the next-generation sequencing data of each sample. 
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Figure 7. Differences of the community of photosynthetic bacteria in the milkfish multitrophic recirculating aquaculture system. The proportion of anoxygenic photosynthetic bacteria (the genera of purple sulfur bacteria, purple nonsulfur bacteria, green sulfur bacteria, and phototrophic Heliobacteria) in the water (A) and sediment (B). The proportion of photosynthetic bacteria (classes of filamentous anoxygenic phototrophs and phototrophic Acidobacteria) in the water (C) and sediment (D). The p-values of comparison between overall proportions of the microbial community of Units a and b by the Mann–Whitney U test are 0.724, 0.879, 0.034, and 0.762 for (A–D), respectively. IN: Gateway of seawater influent, PC: Fish ponds, PM: Hard clam ponds, PG: Seaweed ponds, a: Unit a and b: Unit b. The Y-axis represents the proportion (%) of 16S sequences of each bacterial/archaea genus in the next-generation sequencing data of each sample. 
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Figure 8. Differences of the proportion of Escherichia/Shigella and Enterococcus in the water (A) and sediment (B) of the milkfish multitrophic recirculating aquaculture system. The p-values of comparison between overall proportions of the microbial community of Units a and b by the Mann–Whitney U test are 0.091 and 0.724 for (A,B), respectively. IN: Gateway of seawater influent, PC: Fish ponds, PM: Hard clam ponds, PG: Seaweed ponds, a: Unit a and b: Unit b. The Y-axis represents the proportion (%) of 16S sequences of each bacterial/archaea genus in the next-generation sequencing data of each sample. 
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Figure 9. Differences of the potential pathogenic bacteria community in the water (A) and sediment (B) of the milkfish multitrophic recirculating aquaculture system. The p-values of comparison between overall proportions of the microbial community of Units a and b by the Mann–Whitney U test are 0.019 and 0.959 for (A,B), respectively. IN: Gateway of seawater influent, PC: Fish ponds, PM: Hard clam ponds, PG: Seaweed ponds, a: Unit a and b: Unit b. The Y-axis represents the proportion (%) of 16S sequences of each bacterial/archaea genus in the next-generation sequencing data of each sample. 






Figure 9. Differences of the potential pathogenic bacteria community in the water (A) and sediment (B) of the milkfish multitrophic recirculating aquaculture system. The p-values of comparison between overall proportions of the microbial community of Units a and b by the Mann–Whitney U test are 0.019 and 0.959 for (A,B), respectively. IN: Gateway of seawater influent, PC: Fish ponds, PM: Hard clam ponds, PG: Seaweed ponds, a: Unit a and b: Unit b. The Y-axis represents the proportion (%) of 16S sequences of each bacterial/archaea genus in the next-generation sequencing data of each sample.



[image: Sustainability 11 01880 g009]








© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
A

i
i

u

SR HH R

B PhotosyntnencBacais i Sement

i
R

R S,

c ProtoayntnncSacet i e =

S

'HHH““I{}lﬁ!”““[““ ::;

D Photosyntnetc Bacas i Sement m——

of

BEE R R T T =





media/file4.png
Ammonia

PC PM PG
0.3
RS
o 0.2 { i ; s
(=]
E 3
5{}}5 ;
0.1 §}§ ; ;
¢ . . 3
N R Y EEE
Qa QA QA Qo ala v oo aala Ao o
Samples
= TN
14
= PC PM PG
3
10 }f .
8
3 r |
EGE @
a
4 ; : z:': —"
2 =
3
" Z[coocssolsrez gz o oo
a QA Qo Qa Qaja o A a ala a o
Samples

0.4

0.3

mg/L

® (+) Rhodo
® (-) Rhodo

0.2

0.1

4000
3500
3000
2500

-
© 2000
® (+) Rhodo E

1500
® (-) Rhodo
1000

500

.

H ﬂ et
i3 if
}ii oo
SRR R R R E IR
Samples
CcOoD
PC PM PG
b4
g @ 3
! ;
3 I 3
3 . L
s 3
$ zi 8
20 8 S838|EE2EE0 8

Samples






nav.xhtml


  sustainability-11-01880


  
    		
      sustainability-11-01880
    


  




  





media/file18.png
>

=
=
—

0.008

=
=
=
=]

Proportion
=]
=
=

0.002

0.008

0.006

0.004

Proportion

0.002

IN |ma

IN

PCal

PCa1l

PCa2

PCa2

PCa

PCa3

PCa

PCa3l

PCad

PCad

PCab

PCab

Potential Pathogenic Bacteria in Water

PMa

PMa1
PMa2
PMa3 |1
PMa4

PMa5 ("l

ru

PGa1

PGa

PCbh

PGa2
PGa3 |
PCb1 [l
PCb2 |I
PCb3 |

Sample

PCh4 [
PCb5 |l
PMb1

Potential Pathogenic Bacteria in Sediment

PMa

|

PMa1
PMa2
PMa3 |

PMa4

PMa5

PGa1

]

PCbz W
PCb3

PGa

PGa2
PGa3
PCb1

Sample

PCb

PCh4

PMb PGb
- - =B ==
= 2 2 8|3 3 2
= = = =0 0O O
o o o ol & o
PMb PGb

PCh5
PMb1 [

PMb2 i

PMb3 |
PMb4

-

PMb5

E.'

PGb1

PGb2

PGb3

B Serratia

» Corynebacterium
= Mycoplasma

» Staphylococcus
© Lactococcus

n Paenibacillus

m Bacillus

m [ egionella

® Acinetobacter

m Muricauda

= Flavobacterium
® Francisella

w Xanthomonas
Burkholderia
Serratia

m Pantoea

m Aeromonas

m [ actococcus

= Mycoplasma
Paenibacillus

= Stenotrophomonas

m Bacillus

®m Acinetobacter

B Pseudomonas

m Muricauda
Photobacterium

= Vibrio

®m Burkholderia

m Treponema

m Klebsiella

® Aeromonas
Pantoea

w Streptococcus

m Coxiella

®m Pseudomonas

B Photobacterium

m Stenotrophomonas
Mycobacterium

® Vibrio

~ Haemophilus

= Porphyromonas
® Enterococcus

m Cystobacter

m Klebsiella

= Corynebacterium
= Streptococcus
w Treponema

m Staphylococcus
m Flavobacterium
m [ egionella

® Francisella

» Coxiella

= Mycobacterium





media/file16.png
0.018
0.016
0.014

§ 0.012

£ 0.01

2 0.008
& 0.006
0.004
0.002

0.018
0.016
0.014

§0.012

£ 0.01

5.0.008

& 0.006

0.004
0.002

IN fm

IN

PCa1
PCa2
PCa3
PCa4

PCa1
PCa2
PCa3
PCad

PCab
PMa1
PMa2
PMa3
PMa4
PMa5

PCa5

PMa1 |
PMa2
PMa3
PMa4
PMa5
PGa1

Indicator Bacteria in Water

|

F

33

F

PCb2
PCh3
PCh4
PChb5

- o ™M
3
o

PCb1

oo
Sample

F

PMb1
PMb2
PMb3
PMb4
PMb5

Indicator Bacteria in Sediment

o

(o]

PGb1
PGb2
PGb3

Cb1

o o

PCbh2

Sample

PCh3

PCh4

PCb5

PMb1 |

PMb2

PMb3

PMb4

PMb5

PGb1

PGb2

PGb3

® Enterococcus

m Clostridium XIVb

m Clostridium Il

n Clostridium Xl

n Clostridium XIVa

» Clostridium XI
Clostridium sensu stricto

» Vibrio

m Escherichia/Shigella

m Clostridium X1

m Enterococcus

m Clostridium XlI

m Clostridium XIVa

m Clostridium Il

» Clostridium XIVb
Clostridium sensu stricto

m Vibrio

m Escherichia/Shigella





media/file2.png
Multi-trophic Recirculating Aquaculture System (MRAS)
Unit a : addition of Rhodovulum sulfidophilum

Rhodovulum
sulfidophilum
R e Seaweed pond \
(Gracilaria sp.)

Milkfish pond
(Chanos chanos)

Co-culture with Asian tiger shrimp
(Penaeus monodon)

Asian Hard Clam pond \
(Meretrix lusoria)

influent
seawater

Milkfish pond
(Chanos chanos)

Seaweed pond \
( Gracilaria sp.)

Co-culture with Asian tiger shrimp
(Penaeus monodon)

Asian Hard Clam pond\
(Meretrix lusoria)

The 1st The 3™ &
sampling The 2% sampling The4 Thefinal
PC1,PM1, sampling  pc3 PM3, sampling  sampling PCS5,
PG1 PC2, PM2 PG2 PC4, PM4 PM5, PG3

PC: milkfish ponds

(Chanos chanos) 35 days 35 days 35 days 35 days

PM: clam ponds (1.25month) | (1.25month) | (1.25month) (1.25 month)
(Meretrix lusoria)

\4

PG: seaweed ponds
(Gracilaria sp.)

\/






media/file5.jpg
Niifcation community in wator

HiHiii“i?l_}}ﬂﬂ?i!inﬂl ’

c Ooniuifcation communiy inwater
-l ‘ ‘ 3 o

R R

Daniifcatin community n sdment






media/file3.jpg
™M L3 C“ 13 ™ PG
it o W
i i I ¥
7 R S0 I
HEE il SR ¢ i
S T . H%‘g [
eleggidlzo e leveveligiigleze
o o
™ o o
| =R | ow |
' - f
! C - H
: ‘ Py e e |
, LM o =l EE
Yerelizeisleee “lkzrediriedleee

(-4 Samps





media/file1.jpg
Multitrophic Recirculating Aquaculture System (MRAS)
Unita  addition of Rhodovlum sulfidophilum

P mikian ponds | | 1
(Gharos chanos)

Pi:clam ponds
Oteetie sore)
PG: seaweed ponds.
(Graciaria 03,






media/file7.jpg
il
a_m%m_w _w

m_mm_g__w

:_m__ %mm
b g

‘lli!!‘i!!
o | e | oo S
l!}i!!HH!lliH

T TR

'i!!Hiiilli!!\i!“!’l“ll‘i“

1231

PIRTEEELEE

i






media/file10.png
0.04

0.03

Proportion
o
o
N

Proportion

— L INH,*

Assimilatory nitrate reduction community in water

PCa

IN i
PCa1

IN
PCa1

PCa2
PCa3

Assimilatory nitrate reduction community in sediment
PCb

PCa

PCa2
PCa3

Animal
wastes

PCa4

PCa4 |

PCab

PCas i

PMa1

PMa1

PMa PGa

PCb

PMb

PGb

PGal s

PMa2
PMa3
PMa4
PMa5 |
PGa2 |i
PGa3 |m
PCb1 |l

Sample

PMa PGa

PMa2
PMa3
PMa4
PMa5
PGa1
PGa2
PGa3
PCb1

Sample

PCbh2 i
PCb3 |

PCb3

PCb4 |

PCb4

PCbS5 |

PCb5

PMb1 p

PMb1

PMb2

PMb3

PMb4 |i

PMb

=
N @
o a
= =
o o

3
=
o

PMbS |

0
1
=
o

PGb1

-
Ko
O
o

N2 ¢
Nitrogen fixation '

Nitrate Reduction

A Nitrification

' Dissimilatory and Assimilatory

> NO,-

B

® Sulfuricurvum

“ Halorientalis

- Hyphomicrobium
“ Haloterrigena

m Halobacterium

® Bradyrhizobium

m Halohasta

w Salinigranum

" Bosea

w Pirellula

= Methylobacterium
m Phycisphaera

®m Methyloceanibacter
m Opitutus

© Sulfurimonas

= Sulfurovum

PGb2
PGb3

® Hyphomicrobium

" Haloarcula
Brevibacillus

" Haloterrigena

® Filomicrobium

® Rubinisphaera

u Halonentalis

u Halobacterium
Bacillus

" Halorubrum

m Natronomonas

m Halohasta

| mHaloferax

u Coraliomargarita

u Sulfurovum

u Arcobacter

PGb

o~
Q2
O
a

® Singulisphaera

.A 1£, p ] T

Fusobacteriu
“ Halorubrum
® Natronomonas
® Paenibacillus
B Roseomonas
u Brevibacillus
Haloferax
» Rubinisphaera
® Bacillus
m Filomicrobium
u Nocardioides
u Coraliomargarita
" Rhodopirellula
u Arcobacter

© Bradyrhizobium

© Fusobacterium

" Bosea

® Pirellula

= Nocardioides

® Paenibacillus

» Roseomonas

© Methylobacterium
» Sulfuncurvum

m Opitutus

® Phycisphaera

u Methyloceanibacter
» Salinigranum

©“ Rhodopirellula

u Sulfunmonas

N,O

NO,

| Denitrification

NO,






media/file12.png
PGb

|

u GpViI
u GpIX

u GpXill
u GpVill
m GpX
w GplvV
w Gpl

u Gplll

PCb

.

PGa

Cyanobacteria in water

PMa

LeANd

PCa

Sedd
vedd
€edd
Zedd
Ledd

1JMJLJJJ

03

<

re)
N
o

N W -
o . o

o
uoipodold

0.05

0

Sample
Cyanobacteria in sediment

m GpIX
u GpXll
u GpViI

PGb

u GpXill
u GpX

u GpVill
w Gplil
w Gpl

= GpIV

PMb

A1

PCb

PGa

PMa

A 0l _1ul

LeNd

PCa

Sedd
vedd
€edd
¢edd
Ledd

i
o

T
~N
o

i -
o o o
o
uoiodold

0.05

o LE

Sample

Algae in water

PGb

)
5
1 o
- Iy
X 3
3 [
: s £
g g £
K c o
< £ 9 o
Q -
o) pmﬂ
o S °0 2 °F
ﬂ._hN.a
v O O O m
" = ®mE E =

£€99d
299d
199d

PMb

SANd
yaind
€qNd
Z9Nd
l9ANd

PCb

S90d
¥490d
€90d
290d
190d

PGa

€eod
Zeod
1eod

PMa

SeNd
ved
€eiNd
ZeNd
leNd

PCa

N

Sedd
yedd
€e0d
Zedd
iedd

0.4

—]

o o o
uoipodold

™ o~

NI

Sample

Algae in sediment

Q

PGb

physvcac

u Cryptomonadaceae

= Streptophyta
u Chlorophyta

. Pl—l

m Bacillariophyta

€99d
299d
199d

PMb

SANd
yaind
€9Nd
Z9Nd
M Land

PCb

€90d
¥90d
€90d
290d
190d

PGa

€eod
Zeod
| Leod

PMa

SeNd
velNd
€eiNd
ZeNd
lelNd

PCa

gedd
yedd
€e0d
| 2edd

J 1edd

|~

<
o

™ N -

o <) o
uoiodolad

Sample





media/file9.jpg
A Assimilatory nitrato reduction community in water

vca | o [pea| v | b [ pe
B J__L. L_I._._._-_z;_ﬂ
T33i53458 ¥
BiippsdlpEgapaniaae
Sanse
& Assimilatory itrate recucton community n sediment
oo PG PMa G Pch Wb PG
o
i
N,
2 N:0, | Denitrification
onf
DI tory and Assimilat
| NHg t ” o b NOy NOy
Animal Nitrate Redut

J

wastes Y.

NO,





media/file0.png





media/file14.png
0.0025

0.002

ion

0.0015

0.001

Proport

0.0005

0.0025

0.002

1on

0.0015

0.001

Proport

0.0005

0.035

o
=]
@

o
o =
o B
o

0.015

Proportion

o
o
-

0.005

0.035

o
=)
@

o
o o
o S
r n

Proportion
o
(=]
—
[+ ]

o
o
-

0.005

Photosynthetic Bacteria in Water

Thiorhodococcus

m Methyloversatilis

= Rhodobacter

® Thiohalospira

= Nitrosococcus

= Azospirillum

© Halochromatium
" Bradyrhizobium
m Caenispirillum

= Rhodovibrio

m Methylobacterium
® Limnohabitans
= Rhodovulum

m Aestuariispira

B Thioalkalivibrio

© Skermanella
Bradyrhizobium
Methyloversatilis

®m Azospirillum

m Magnetospirillum

m Defluviicoccus

® Thiohalocapsa
Halochromatium

= Nitrosococcus

u | imnohabitans

® Rhodovulum

m Caenispirillum

B Rheinheimera
Rhodovibrio

®m Melioribacter

m Acidobacteria_Gp25
= Acidobacteria_Gp11

= Acidobacteria_Gp1
m Acidobacteria_Gp13
= Acidobacteria_Gp15
= Chloroflexia
 Acidobacteria_Gp2
Acidobacteria_Gp16
m Acidobacteria_Gp6
= Acidobacteria_Gp5
m Acidobacteria_Gp7
m Acidobacteria_Gp26
m Acidobacteria_Gp18
m Acidobacteria_Gp17
E Acidobacteria_Gp4
m Holophagae
m Acidobacteria_Gp9
= Acidobacteria_Gp3
= Acidobacteria_Gp22
Acidobacteria_Gp10

= Acidobacteria_Gp21
= Acidobacteria_Gp23

m Acidobacteria_Gp1
= Acidobacteria_Gp12
® Acidobacteria_Gp11

PCa PMa PGa PCb PMb PGb = Marichromatium
®m Arhodomonas
= Skermanella
Isochromatium
w Thiohalocapsa
m Hydrogenophaga
= B Thioalkalispira
| 5 | I _ W Thalassospira
8] IJ - B B e = o B == BN 0= _ _
Zle &N m T W= N M T W - N W N ®m T W N M W W — o~ o Wignavibacterium
1SS SO SIS ESSSE 00000000 SEEES2 00 O «Melorib
oL o0 oioopoooncaoocoddiodococoooaocooo' oo o elioribacter
Sample = Rheinheimera
Photosynthetic Bacteria in Sediment = Alkalilimnicola
© Magnetospira
" Roseospira
Pca PME PGa -PCb PMb PGb .Nitrococcu_s
B = Rhodoferax
I - = Marichromatium
I o B Thiolamprovum
= Prosthecochloris
l w | Arhodomonas
I - I - = Thiohalospira
l I I ®m Hydrogenophaga
- = FE = = .
i I I I I = [ - B I I I I I = Methylobacterium
m Aestuariispira
ZIT § R R R T 8 G IR T IR DI I8 S 238 3BT S B urhalassospira
O OO0 0O O E EE=E=ES|00 0|0V OLOOLOVIEEE=E = =S 0ODODO . L.
o oooopoooocaoc’'a oo oo oo o ala o o wThioalkalispira
Sample m Ignavibacterium
Photosynthetic Bacteria in Water
PCa PMa PGa PCb PMb PGb
=_-_—_ .
_— ] ] e n e L] ] L] m e L] ] L] ] L2 =] L e el L2 s ] 2 2 L L
O U U LU VOIE 2 E E S0 0 0] O O O V| =E =E =E 2 E| 0V O O
o o o o o' o o o o' o oo o O 0 Ol'p oo o o' o oo
Sample
Photosynthetic Bacteria in Sediment
PCa _ PMa PGa PCb PMb PGb
. i - l B
1r L. Denl 0 nWRON, Hsld
MIEEENRI m/8 BB =
= - od (3] =t uw - o ™ =t uw - o © - o [y o uw - o L] =t u - o L ]
_— n m lr] n [r1 L] ] ] m e} L] o L] ] 2 =] L e ] e L2 e 2 e L 2
O O U LU V= E 2 2 2|00 VJlLO O L OO VIS = 5 =5 =S|/ 0VL OB O
o o oo oo o oo onona o o olpg @ oo oa'a oo
Sample

m Chloroflexia
®m Acidobacteria_Gp13
B Acidobacteria_Gp25
® Acidobacteria_Gp2
~ Acidobacteria_Gp15
Acidobacteria_Gp16
= Acidobacteria_Gp5
= Holophagae
m Acidobacteria_Gp6
m Acidobacteria_Gp4
®m Acidobacteria_Gp7
m Acidobacteria_Gp18
m Acidobacteria_Gp17
®m Acidobacteria_Gp3
m Acidobacteria_Gp26
m Acidobacteria_Gp9
= Acidobacteria_Gp22
Acidobacteria_Gp23

m Acidobacteria_Gp21
= Acidobacteria_Gp10





media/file8.png
. . o . - = Azoarcus ® Sulfuricurvum L Methan ococcus
A Nitrogen fixation community in water » Rhodobacter u Methyloversatilis » Serra
0.04 u Mesorhizobium u Methanobacterium u Tolumonas
:  Burkholderia " Fibrobacter ~ Marichromatium
PCa PMa PGa PCb PMb PGb Paludibacter  Azospira Cellulosilyticum
= Hyphomicrobium m Acidiferrobacter = Martelella
0.03 = Methylomonas u [lyobacter = Treponema
- w Sagittula n Alkaliphilus © Ensifer
£ Gynuella = Confluentimicrobium = Sulfurospirillum
0 0.02 m Azospirillum u Klebsiella ® Rhizobium
g- m Azotobacter B Desulfatibacillum u Methanolacinia
a “ Pantoea © Bradyrhizobium © Dechloromonas
0.01 Desulfomicrobium " Paenibacillus © Magnetococcus
u Cupriavidus u Methanosarcina u Sedimenticola
= = Desulfomonile ® Teredinibacter = Methylobacterium
I . [ ] il ] i w Defluviimonas u Desulfobacterium © Desulfoca,
0 b=p= - = - - Methanothrix u Sphingomonas = Halothiobacillus
4 5 (‘.‘-31 3 3 E E E E é E 3 g E é g g é § g g g é E 2 33 = Rhodovulum ® Pelobacter = Dehalogenimonas
eeeRRlgss==R 8 g8 Qlz====== 8 2 2 [ ] Me.rhano!obus u Desulfovibrio m Desulfuromonas
= Spirochaeta ® Pseudomonas = Desulfobulbus
Sample = Coraliomargarita = Vibrio = Arcobacter
= 3 = : - = ® Hyphomicrobium = Acidiferrobacter u Burkholderia = Ensifer
Nltrogen fixation commumty in sediment u Caldicellulosiruptor ~ Mesorhizobium Desulfosporosinus = Ruminococcus
= Azospira m Herbaspirillum u Rhizobium u Methylosinus
u Serratia u Dehalobacter ® Bradyrhizobium u Desulfotomaculum
PCa PMa PGa PCb PMb u Sagittula « Sideroxydans # Pantoea u Cupriavidus
3 w Aquaspirillum “llyobacter “ Klebsiella - Syntrophobacter
g Methyloversatilis " Rhodoferax Azospirillum u Paludibacter
£ u Anaeromyxobacter u Cellulosilyticum u Dechloromonas u Marichromatium
a X = Martelella " Methanococcus » Magnetospirillum = Paenibacillus
o Geobacter © Methanolacinia © Treponema u Methanobacterium
o - u Desulfarculus ® Prosthecochloris u Gynuella ® Azoarcus
u Methylobacterium +~ Rhodovulum = Sulfurospirillum © Sulfuricurvum
e E Defluviimonas © Desulfatibacillum © Alkaliphilus u Denitrovibrio
I I I I I I i l -] E R l = B F ] I = Methanosarcina " Fibrobacter = Sphingomonas = Methanolobus
zlcaoseseesesaelsyagzselsyaagesan u Pseudomonas n Desylfoca.psa u Desulfobact_erium ] Teredinib.acter.
OO0 O0O0|ss=sssS0600|l6d8808d3lsss=:s|o06 0 Magnetococ.cus u Sedimenticola o Methanothflx ® Desulfomicrobium
ocaoodaoaogaoaaocao'oacaaocccoacoc'and oo a o o o mDesulfomonile ® Pelobacter ® Dehalogenimonas  ® Desulfuromonas
Sample u Coraliomargarita u Desulfovibrio u Halothiobacillus = Vibrio
w Spirochaeta ® Desulfobulbus = Arcobacter
D . . | t . trat d t. . t Nonomuraea © Azoarcus © Saccharophagus u Serratia u Methyloversatilis
ISsimilatory nitrate reauction in water w Tamlana u Thiomonas u Actinomyces u Burkholderia » Comamonas
0.04 = Delftia « Caulobacter Pseudonocardia = Thauera w Azospira
PCa PGa PCb PMb PGb [ ] Rhodococf:us u Hyphomicrobium 2] Mon'te.lla . u Martelella . [ ] Methy{omonas
= Anoxybacillus = Pseudoxanthomonas = Wenyingzhuangia « Corynebacterium = Devosia
a0 = Ensifer u Gynuella - Sulfurospirillum « Azospirillum  Klebsiella
.’9: Psychrobacter " Roseobacter Rhizobium u Staphylococcus u Aeromonas
o 0.02 = Dinoroseobacter = Acidovorax ® Achromobacter = Pantoea “ Bradyrhizobium
g u Dechloromonas © Oleiphilus Phenylobacterium " Paracoccus " Paenibacillus
a ) = Granulosicoccus ® Psychromonas ® Aquabacterium ® Cupriavidus = Hydrogenophaga
0.01 m Hahella © Chromohalobacter  ©» Simiduia  Bacillus Castellaniella
I l l “ Thalassospira © Colwellia ® Massilia u Microbulbifer = Thiobacillus
0 i | l = l B s ;= e o B = = mCatenovulum u Leisingera u Desulfovibrio wLabrenzia u Oleispira
Zle 9 R T E R IS TRNT ARSI IRNES Y23 S Y B nMethylophaga Shewanella = Nocardioides = Pseudomonas u Photobacterium
2 E 8 E 8 E E E E E 8 8 2 8 8 8 2 2 E E E E E 2 2 2 = Marinobacter = Alcanivorax ® Reinekea = Mycobacterium = Coraliomargarita
® Halomonas u Tenacibaculum “ Hyphomonas u Alteromonas u Vibrio
Sample
= Arcobacter
" % : . . : Morganella © Aliivibrio © Nocardiopsis m Alkalilimnicola u /soptericola
Dissimilatory nitrate reduction in sediment = Hyphomicrobium = Caulobacter = Thauera = Thioalkalivibrio » Burkholderia
0.04 u Ensifer ~ Acidovo Rhodoplanes = Nonomuraea " Meiothermu
u Castellaniella u Pseudoxanthomonas ™ Aminobacter m Azospira 8 Chromohalobacter
PCa PGa PCb PMb PGb = Herbaspirillum “ Anoxybacillus “ Rhizobium © Serratia Thiomonas
0.03 “ Pseudonocardia “ Kocunia ® Thermus ® Simiduia u Bradyrhizobium
) = Shinella = Rothia = Arenibacter = Comamonas = Pantoea
5 - © Cupriavidus Gordonia n Zobellella " Delftia u Aeromonas
r ) m Aquaspirillum u Klebsiella = Methyloversatilis = Chelatococcus u Rhodoferax
o 0.02 _ - ® Rhodococcus m Azospirillum = Anaeromyxobacter = Oleiphilus u Dechloromonas
3' = wJanthinobacterium = Corynebacterium " Oleispira © Cellvibrio Nocardioides
o ~ Martelella ~ Tamlana = Psychrobacter = Achromobacter = Magnetospirillum
0.01 = ® Granulosicoccus u Aquabacterium ® Paenibacillus =] Geobacter L] Phenylobacterium
) - © Leisingera Gynuella = Microvirga “Azoa uLyso.
®m Hydrogenophaga u Staphylococcus ® Devosia o Dmomseobacter u Wen ymgzhuang:a
i I I 5 = B 5 I = I l “ Sulfurospirillum = Bacillus " Roseobacter Paracoccus = Massilia
0 © Psychromonas u Hahella m Catenovulum = Moritella u Colwellia
= E g 3 E 3 g g E g g g g g ST 83828 é g g é E g g g = Thalassospira u Labrenzia = Pseudomonas = Shewanella “ Reinekea
0O 0000 Hyphomonas = Microbulbifer = Alteromonas m Thiobacillus u Alcanivorax
o kK ipreiecd iR & e E L e A et kR ® Tenacibaculum u Methylophaga ® Photobacterium ® Mycobacterium u Coraliomargarita
Sample = Desulfovibrio  Vibrio = Marinobacter = Halomonas = Arcobacter





media/file11.jpg
R

flerprriiiddadpreaaniaanae”

B s n sesment

leriieniTinaagliieeaaiiiiig -

c Algao inwater

"HH!‘iiﬂii&é““i““i“‘
L) Algaen sediment

'HHHEHH!__HHH‘HHHH‘





media/file6.png
(@

0.04

0.03
c
E

0 0.02
Q
o
L
o

0.01

0

O

e o 9o
8 &8 B

Proportion

e
o
-l

Nitrification community in water

0.0012
PCa PMa PGa PCb PMb PGb
0.001
§ 0.0008
50.0006
&
@ 0.0004
0.0002 I
ZIs R R R B85S S 38R G333 23533383533
O 0O 0O 0 O0O|2 22 2 200 0j00 00O =S = =2 =S 000
o T« T« T+ T« T T+ T = T+ T T T O T O T T O O« O T W= WA W < W A < W T «
Sample
B Nitrification community in sediment
0.0012
PCa PMa PGa PCb PMb PGb
0.001
§ 0.0008
-
§o.ooos
@ 0.0004
0.0002 l ll I
0 L= =] H_ B III-.
z*.;‘::’:::ﬁgggéggggssszzzﬁzzzsss
ceddcdaaaacacaaleceldidedzszasileldl
Sample
Denitrification community in water
PCa PMa PGa PCb PMb PGb
- . P T I P P I .
Zls § % % 8/ 8§ 8 % 8/% 9 8/ 38 2 3 8/ 8 3 32 8/ 8 3
O 0O 0O 0O Ol 2 2 2 2|0 0 0O0jJ]o O O O Ol &8 =5 = =S 1 0 0 O
o o o o o' oo o o' o' o O o0 o0'ap oo o o o o
Sample
Denitrification community in sediment
PCa PMa PGa PCb PMb PGb
(33323 228833 3/338323/28323333
&&&&&EEEEQ&&&&&&&&EEEEzggg
Sample

= Methylomicrobium

= Nitrosococcus
m Nitrospira

= Nitrosomonas

m Nitrosospira

= Methylomicrobium

u Nitrosococcus
= Nitrosomonas

u Nitrospira

" Rhodobacter

© Thauera

“ Hyphomicrobium
m Azospirillum

® Rhizobium

m Acidovorax

= Dechloromonas
" Aquabacterium
u Hahella

m Thalassospira
m Massilia

m Labrenzia

m Shewanella

= Lutibacter

m Halomonas

© Pseudovibrio

® Thauera

m Ensifer

m Azospira

© Rhizobium
Shinella

© Oceanisphaera

u Azospirillum

m Oleispira

m Aquabacterium

m Azoarcus
Roseobacter

" Massilia

u Colwellia

® Labrenzia

u Shewanella

® Thiobacillus

= Marinobacter

» Sulfurovum

nAzoarcus
Azospira

~ Ensifer

m Roseobacter

m Dinoroseobacter

= Bradyrhizobium

= Paracoccus
Sedimenticola

»w Maribacter

m Colwellia

m Thiobacillus

m Oleispira

m Pseudomonas

= Marinobacter

u Sulfurovum

= Hyphomicrobium
m Thioalkalivibrio

= Acidovorax

© Aminobacter

© Bradyrhizobium
= Arenibacter

®m Chelatococcus

m Dechloromonas
m Magnetospirillum
w Maribacter

= Dinoroseobacter
w Paracoccus

® Hahella

®m Thalassospira

® Pseudomonas

= Sedimenticola

w Lutibacter

w Halomonas





media/file15.jpg
A Indicator Bacteria in Water

(i o
\4|l I P PO | P~
LI R T T e

= Clostiaum 1
Entoococeus

= Clostidum X1

= Clostiaum X5
r——

« lostiaum X5

= Clostidum sensu stcto
avrio

= EscharichiaShigels






media/file17.jpg
A Potental Pathogenc Bacteria In Water

HEFR R





