LIST OF FIGURES

FIGURE

2.1
2.2
2.3

2.4
3.1

3.2
3.3

3.4

4.1

4.2

4.3

4.4

4.5

Shrimp life cycle

Bacterially mediated processes in a shrimpuoeisystem

Outline of the cloning procedure for studyingarobial
community

Schematic representation of DGGE

(A) Experimental set up of 35 L of plastic tamith Set 1: shrimp
culture (control); Set 2: shrimp culture wi8pirulina mat; Set 3:
shrimp culture with artificial mat, respectively.

(B) Top view of the closed-recirculation systenBmL plastic
tank

(A) Fibrous polyester mats; (Bpirulinamat immobilization

(A) Filter medium; (B) Filtration systems farspended removal in
closed-recirculation system during shrimp cultieati

Outline procedures to analyze microbial comityunetween
samples from hatchery and grow-out pond

Microbial community in water column of withootat condition.
CWO0-CW10 was microbial community in water columanr day
0 to day 10 that reared shrimp from PL2 to PL12without

Xi

PAGE

10
17

18

21
22

25

31

Spirulina mat condition. The arrow shows the water exchanging

and the water samples were taken before water egoiw

16S rDNA-based denaturing gradient gel eletinogsis (DGGE)
profiles (Left) with cluster analysis or percentageNei and Li’s
similarity coefficients[87](Right) of the bacterimlommunity in

water column of Set 1. Lane CWO0 to CW10 was bamteri

community in water column in Set 1

Microbial community in water column of Set 2o{cultured
betweenSpirulina mat and shrimp). WHO-WH10 was microbial
community in water column from day O to day 1Otheared
shrimp from PL2 to PL12 in co-culturing witBpirulina mat
condition. Marker wasSpirulina platensisThe arrow shows the
water exchanging and the water samples were takfrebwater
exchanging

16S rDNA-based denaturing gradient gel eletinogsis (DGGE)
profiles (Left) with cluster analysis or percentageNei and Li’s
similarity coefficients (Right) of the bacterial monunity in water
column of Set 2. Marker was pure cultureSpirulina platensis
Microbial community in water column of Set 3o{cultured
between artificial mat and shrimp). WA1-WA10 wascrobial
community in water column from day 1 to day 10 theared
shrimp from PL2 to PL12 in co-culturing with artial mat
condition. The arrow shows the water exchanging twedwater
samples were taken before water exchanging

34

35

37



Xii

FIGURE PAGE

4.6 16S rDNA-based denaturing gradient gel eletinogsis (DGGE) 38
profiles (Left) with cluster analysis or percentagfeNei and Li’s
similarity coefficients (Right) of the bacterial monunity in water
column of Set 3. Lane WHO and WAl to WA10 was baate
community in water column in Set 3

4.7  The comparison of microbial community $pirulinamat (S) and 40
artificial mat (A) on day 0, 2, 5, 8 and 10, respesty

4.8 Changes of TAN in water column of Setd); (Set 2, ¢); and Set 45
3, ©); respectively during PL2 to PL12 cultivation. TBet 1, 2
and 3 represented the only shrimp cultivation,sprco-cultured
with Spirulina mat and shrimp co-cultured with artificial mat,
respectively. White arrows indicate a 50% waterhaxge rate in
Set 1 and Set 3 while Black indicate a 50% in Se¢@pectively

4.9 Changes in nitrite in water column of Setd)); et 2, ¢); and Set 46
3, ©); respectively during PL2 to PL12 cultivation. Thet 1, 2
and 3 represented the only shrimp cultivation,sprco-cultured
with Spirulina mat and shrimp co-cultured with artificial mat,
respectively. White arrows indicate a 50% waterhaxge rate in
Set 1 and Set 3 while Black indicate a 50% in Se¢pectively

4.10 Changes in nitrate in water column of Setc);, Bet 2, ¢); and 47
Set 3, ¢); respectively during PL2 to PL12 cultivation. T8et 1,
2 and 3 represented the only shrimp cultivationngh co-cultured
with Spirulina mat and shrimp co-cultured with artificial mat,
respectively. White arrows indicate a 50% waterhaxge rate in
Set 1 and Set 3 while Black indicate a 50% in Se¢pectively

4.11 Survival rates of shrimp among Set d); Set 2, ¢); and Set 3, 49
(0); respectively during shrimp rearing periods fordays

4.12 Schematic flow of the co-culturing in shrirgpvae (PL2-PL12) 50
with Spirulina mat. Solid line indicates Nitrogen flow; dash line
indicates the relationship between modules

4.13 UsingSpirulina mats during shrimp growing period in grow-out 52
pond. A to F wasSpirulina mat on day 0, 7 14, 16, 17 and 21,
respectively. Figure G represented microbial comtguron
Spirulinamat after 21 days under microscope

4.14 DGGE profile of bacterial amplicons from shpigrow-out water; 53
W microbial community before shrimp released to gay{pond.
Wi W, and W, after shrimp growing period 1,2 and 3 months,
respectively. Ladder was the 22 clones mixture

4.15 Phylogenetic tree constructed based on 16SArMNS-kb clone 55
sequences recovered from water during shrimp gmwiriod in
Beta-proteobacteria The scale bar length of 0.1 denotes the
number of amino acid replacements per site validatgh 1000
bootstraps. The number on the branches indicatesstipport
proportion of each branch



Xiii

FIGURE PAGE

4.16 Phylogenetic tree constructed based on 16SArIS-kb clone 56
sequences recovered from water during shrimp gmpwariod in
Alpha-, Gammaroteobacteria andCytophaga—Flavobacterium
BacteroideqCFB). The scale bar length of 0.1 denotes thelmim
of amino acid replacements per site validated wit@00
bootstraps. The number on the branches indicatesstipport
proportion of each branch

4.17 Phylogenetic tree constructed based on 16SArN-kb clone 57
sequences recovered from water during shrimp gmweriod in
Cyanobacteria and Chloroplast. The scale bar lenfgfhl denotes
the number of amino acid replacements per sitedatdd with
1000 bootstraps. The number on the branches irdi¢hé support
proportion of each branch

4.18 Ammonia oxidation rate: ammonia oxidation gsswith aerobic 65
condition. W, the activity in water before shrimp growing period;
Wi W, and W5 the activity in water after shrimp growing period
1, 2 and 3 months, respectively. The initial amraaoncentration

was 10
mg-N L*
4.19 Nitrite oxidation rate: nitrite oxidation pexs with aerobic 66

condition. W, the activity in water before shrimp growing period;
Wi W, and W5 the activity in water after shrimp growing period
1, 2 and 3 months, respectively. The initial ritrdoncentration
was 5 mg-N [*

4.20 DGGE profile of bacterial diversity from thatbhery and shrimp 72
grow-out pond water column. WHmicrobial community in
hatchery water column and W@mnicrobial community in grow-
out pond water column



