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Abstract

The studies on the effects of gutweed (Ulva intestinalis Linnaeus) in nutrient
cycling and production of natural food for cultured black tiger shrimp (Penaeus monodon) were
conducted in microcosms under two conditions; without shrimp rearing and with shrimp rearing.
The effect of gutweed under condition - without shrimp rearing was studied in a brackish water
microcosm in which the sludge from shrimp pond was added on the bottom and 20 ppt saline water
was added into the microcosm at 10 cm deep. The sludge was stirred once a week for 2 weeks in
order to increase oxygen transfer and nutrient release from sludge. Gutweed was grown in the
microcosms at two densities; 28 and 56 g/mz, in comparison with the control without gutweed. The
effects of gutweed on changing of abiotic factors (water and sediment qualities) and biotic factors
(living organisms) were determined -. The results showed that - raking of the shrimp pond sludge
could stimulate releasing of nutrients which was sufficient to promote a growth of gutweed up to 40
times of the initial stocks within 3 weeks resulting in higher chlorophyll @ than that from
phytoplankton and consequently effected in higher uptake of nutrients as well as a higher dissolved
oxygen production from photosynthesis. The amounts of ammonia and nitrate were decreased while
dissolved phosphorus was increased along with gutweed growth until- died off when the
concentrations of ammonia and nitrate were lowest. This indicated that nitrogen is probably a
limiting factor for growth of gutweed when sludge from shrimp pond was used as a source of
nutrients. The biomass of gutweed was in a negative correlation with the amounts of total
phosphorus and total ammonia in sediment indicating that the release of nutrients from sludge is an
importance process to promote gutweed growth. Furthermore, the results also found the aggregation

of chironomid larvae, mosquito larvae, nauplius of copepods and adult copepod especially
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harpacticoid with the densed area of gutweed which these are natural food organisms suitably for
support living and growth of the stocked shrimp larvae. The amount of these natural foods
significantly showed a positive correlation with the biomass of gutweed. The results from this study
indicate that gutweed in shrimp pond effect on changing of shrimp pond ecosystem providing a
better environment and shelter of natural food organisms that are suitable for growth of shrimp.

The experiment under shrimp rearing condition was also conducted to explain the
effects of gutweeds on growth, stomach contents as well as transformation and budget of nitrogen
and phosphorus in black tiger shrimp pond. The experiment was conducted in brackish water
microcosms of which the sludge from shrimp pond and 125 liters (depth 5 cm) of brackish water of 16
ppt were added into the microcosms. The sludge was also raked once a week for two weeks in order to
increase oxygen transfer and nutrient release from sludge. The experiment was comprised of 3
feeding regimes; without pelleted feed, with commercial pelleted feed, and without pelleted feed but
planting gutweed (27 g/m2 for two weeks). Black tiger shrimp post larvae (PL20; average weight
0.013 g/PL) were stocked into each microcosm at a density of 53 PL/m’ and cultivated for 5 weeks.
The results showed that the raking of the sludge and lowering of water depth could promote the
production of natural foods to support shrimp (stocking density of 53 PL/mz) growth for 2 weeks
without supplementary of pelleted feed and shrimps mainly showed a behavior of benthic
scavenger. The plantation of gutweed provided additionally more productivity of natural foods to
prolonging support shrimp growth for 4 weeks but shrimps changed feeding behavior to be water
column scavenger. Moreover, the biomass of chironomid larvae significantly showed a positive
correlation with shrimp growth. Shrimp fed with commercial pelleted feed still grew after 4 weeks
because of a continuous feeding. The results from the study on transformation and budget of nitrogen
and phosphorus showed that the gutweed could take up nutrients released from sludge and
transformed to be natural foods. The net accumulation of nitrogen and phosphorus compounds in
sediment was the lowest in gutweed plantation shrimp pond but the cycling of nutrients to shrimp
production through the natural productivity was the highest. There was nitrogen accumulation from
excess feed to sediment in shrimp pond that feeding with commercial pelleted feed and there was
higher in excretion of nitrogen and phosphorus from shrimp resulting in degradation of water and

sediment qualities in shrimp pond.
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Therefore the plantation of gutweed in the shallow water shrimp pond at the
beginning of shrimp production cycle is probably one of the alternative ways to rehabilitate the
ecosystem of shrimp pond to be suitable for black tiger shrimp culture leading to the environmental

sound friendly and sustainability in shrimp culture.
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s Haﬂl’] TGV Haﬂ'q SIEFVRL! Haﬂ"]

2520 17.885.83 173758 897.31 196.61 . .
2530 23.566.47 344932 1054416 2,017.65 . .
2531 5563284 7,900.55 40,773.70 6,577.38 . -
2532 9349450 11,072.19 8149168  10,128.26 . -
2533 11822705 1436536 107.968.93  13,506.83 . .
2534 162060.60 1983411 15506929 1922739 . .
2535 18488432 2550014 179357.52 2505486 . -
2536 22551430 3242534 21990012 31.938.82 . .
2537 26344597 3974525 25908377 39.41041 . -
2538 259.54054 3954465 25580007  39.24422 . .
2530 23949953 4031213 23503512 39.914.82 . .
2540 227.56024 4910451 22355118 4867438 . -
2541 25273101 5896042 24745824 582628 . .
2542 27554388 6712750 271019.18 66,5575 . -
2543 30986246 89.982.50  304987.84  £9.23030 . .
2544 28000661 6514524 27433000  64,156.07 . -
2545 26492358 5294100  260573.65  52.204.06 . -
2546 33072451 4358287 19490947 2988432 13236431  13308.97
2547 36028010 4475322 106884.17 1516163 25169811 2938435
2548 40125000  45978.67 2605552 401846 37448680  41.844.68
2549 49440100  50.674.86 13,986.00 165086 480,061.00  48,962.62

2550 523,226.24 48,504.48 14,317.64 1,484.80 508,445.60 46,939.87
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dal & Y] =K ax dy Y d‘d (% dy
2) MIBSWVUNINAIUT HRNBDAITMIAINNUANHULATIWARINUNITIA
a L= -9 ) 1 d'
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15 fimsgewugneninlsumzinasiaseaiulusasnioonin 40,000 ¢
' VA 9 A A A A A agdy ¥
ao'ls U3 liesauny 0191A5 0 UNUOONFIIUKS 0 1NN I8
dy [ = dy d' 9 =S [ T 9 ]
3) NMFIAYILVUNAUT HR18DIN5aean lna Tuladaielvuige n1s
1 1 g a
azluuvvestelszuVNIBMIN AIUANRUKN AIVANTIA LaslTT U
% td‘d 1 1 Y v z&l
M3vaMmsng vuavestolszum 1-10 15 1do1msnniu  az 3-5 o
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waziinmsguatonlaldegnalnaye laasesdun 1 1n303 aouNHI 12
5
T 9 Y
Faluednaudadl 2547 Uszmalnelimsineans 3 gUnuuaulull 2548 sUuun
dy 9 ad = g é [ [
MIAeININZALUUFITNNAG UMY T domwizmsfeuuniauazuuUNmu Tay
o é’ R o 3Aa A = =1 4 t:gl’ Y g’/
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s & s A v o s a g s A v % o
sy fuvhSuResdanwann 27,663 vhsw Aailu 91.26% uazvhsudedeuuunaiam
s a & A A A a2 2 v A A2 v
2,648 vhsu Aty 8.74% wazilioNnsanauiieineanavun 427,551 15 ifwiloMi@ean
o L a d A a2 v L o s a g
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(eutrophication) Tupraainla (Liao, 1992; Phillips et al., 1993; Stanley, 1993).
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1 1 g 1 1 % y 4 $ =y
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A a dgg ] 9 = dy dy Y [
AANANISNUNIDAVYY LBU ﬂ131%mﬂ1u1@ﬂﬂ15lw1$mEJ\‘]LL‘U‘U polyculture Tﬂﬁllﬁﬂ\if}\ii’)llﬂ“ﬂ
vioy 1an ﬁ%ﬂﬁWﬁ’a‘HﬂﬂJumiﬁiy‘ (Sandifer and Hopkins, 1996; Brown and Glenn, 1999; Brown et
d’} @ ] Y oA g @ v 3
al., 1999) 1!’E)ﬂﬁ]TﬂuﬂTi‘lJi‘U‘ﬂ‘g'QgﬂLL‘UU“UﬂﬂWiﬁiWﬁUﬂﬂLﬂullu’Jﬂu‘]ﬂu N1TAANITIDNYUN LIS
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Y
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= Voo v a2 o do
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IMNVYBY L‘]Juﬁ"li’f]uﬂiﬂﬂil‘ﬁ”lﬁﬂ"liﬂi’)u ‘laimmu ‘11!1@]5!,%1! 0NFIU Fatles uag

[ J o Vo Y a 4 a
WoareSailuosdlsgnounan msliemsundaiinwieldau Invudcvuiaaaia 519

1 e o o 1 [ 1 ’Q‘ a
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'
A JAA

M31agaroeaor (bivalves)  MoBIZNIBINUBYMIAVOIAITOUNIINUNOa DT AUAY

e

< 1 1 4 A A A A AAaa S A '
"lUIﬂilﬁ]ulﬂUﬁfJuﬂigﬂ@U IBU LNAINADUNY LUANLTY LS TINBIAUUIALAN nvIUaeYy

g é a A J 1 dy 1 = [ 1
T alumssunsdmartivzgndosnazgadn asisznonlulasnunazoaresadin
& <3 Y g 4 A a dsl 1 1 a 1 1 [
wiligninvazeay I3 lwiieovesnesniay Tadu tazvesvzaaiiueynini ligndeslilg
a 9 a <3 Y] g}/ A Aa a . .
Aithaznouau mamudeaWesauas TuTasoulusuaunloondiau (acrobic  sediment)
Y a Ada a dyd .. . a X A = Y
pazlusuaunloondauilinszuIuns nitification  1Ha¥U Nordsnldasidszno
<3| | J o w 2a a A )
Tulaswwdlu vonludie Tu'las wagluasn ey wonnntinanssuvegauns ol
A A= 2 J g’; A A a . . = .. .
aunanas llFuilusuaunvinoendiay (anaerobic sediment) 9LUNTLUIUNIT denitrification
a 2 { I %] % o a
mavu wasundadddluasnnaaduma lulaswu FohldinansgadeTulasnulugl
[ a 9 d' [ v
yodTuTasouma oonninszuutngld luvaziaisdsznouoaresagnazauuazivon
1 a ) [ a [ < 1 a .
(buried phosphorus) 8gluazneudu drsumaanIavesamiteyamniniiay (benthic

. Aa A 49! A = Y a = 1 3 A Y a dy
mlcroalgae) NAITINNITIWNUVUUDIUFIUUAANTDIDINUIAUY FITTU TV UIALANNTUIAUU
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AINMIINUUNAINABUNY (31N 2-1)

910 newell et al., 2002)

=
- msviyuieu lulasou

= 1

a 1 %l 1 k4 @ 4 90’
519 luTasuiimsnyuBoued luszuniinauraniuazs domiz@esda i

' Y
A o v [

1 a Y ] o Y I 1 o 1
pgnanalIal aznauAuNuloIminNdInynuiuurasgadunazilassaisidszney
Y o A 49’ Y ) a A a A
Tulasnulindouqnunasaszeznainmesns luvuvesaznouduiloarsounsdanaslal
a ~ . . . a ] Y = [l
oun3d1uTns19u92n Heterotrophic microorganisms nuuagzgeslmilunenTuiiaTaon1n
an < . . [] a Y o
A52UIUNTLeN TuHTiA%Y (ammonification; NTEVIUMTEBENTADLN TULAITL T TnTIau

Y H Y
ponuudluueon Tudle) aniumsnldeuntlasvesasiseneveiiunislulasnuiinavulae

'
7

aa AAa ~ I I
nszuaIUmMs e lindundunidlulasnugnilasunnaisdszneunen Tuiledlululasy
uaz'lwesnluaninzniieondiau vazhanitzviaesndiauluaznouau (Tasmnizly

a g’; 1 - = I 14 - [ 4
aznouautua1) Twasn (No,) vxgnuldaswdlululasd No,), Tuasasenlyd (N,0) naz
23 = a A < L. . = =
e luTasiay (N,) Tasnszurumsd luasiiasu (denitrification) ¥9ALANUDIDLHNDUUD

a 4 Y @ .
@ﬂﬂcﬂlﬂu@@ﬂinﬂﬁ“liﬂigﬂﬂﬂlluiﬁimiﬂﬁﬂhlﬂsl%}iuﬂ’liﬁi'NWﬁ\i\ﬂu (Santschi et al., 1990)
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a 1 1 o o’%’ [
Tacon (1998) eBuremanyuieu lulasnulutemiziesdaiinli ag

1 dSI o g d‘ ] a G ) a G
TuTasnuluemz@osdaiiiedlugdunidlulasnugndesaaslasyaunidnaroiy
1100 (detritus) oz TuTasnueenulugluenTuiion Taenszuaums nitrification
Tuaangitoondiau uonTudisuazgaulaoulilululasiuas luesn udaluasnazgn

9 ]
aasu I 1 Tasis@donazeglugivesdunidlulasnu nmindzgnaeimlidainn
wraionneluielgemstieglugddunidlulasmusunu Tasdunidlulasouluied

9 H 9 '
@Weawazdadimaniusznyuiou llegluzUsunidlulasnui liiFiadnaseluglvesis
S O ' ' I A o
Juarenaznisameanad i nennniidadlurilgemnsnimsiululaswuesnunlugl
o R <3| = Y 9 1 .o . ' = o
weu Tuite deaznaretluuey Tubey naNd1gnIzUIUNG nitrification  1FUIABIND
uonTuiilonigniasseeninlasgaunsd Taeh lulasoulugiuen Tuidion druniiaazszive
1 = T a ] Il
pongussoImaluglveenTuiis vinmsdosdarsvesgaunsdiululasoulusinni

Y
' Y U

A = 'y dAa A ] v v
Woe szgnuyuieu llgdainnuesnnineslurialgems uazdaimaniviuluTasou

De

[

[ %,’ g a ] 4 %’

panuigulIatlugvenenTuiis wenainilussuuinavestemizidsadaduiogl

v a A ¥ a = v = H ]
amied@enuiduuaznuaiiseuengua s uIasnuansunsseinaeglu

a ~ 4 =\ = Vo daAa VA v JAAa 4

sUsuvidlulasnulusad uazlimsnyuionligdainnusnanintlesuazdainfuad

1 A A 1 dsl 1] 1 d' =) A A 1]
dmsenaziuanzomaimeluiielsems uazluangnviaeendau uuaniselunguy
. [ a 4 I~ 4 9
ndosaarsIaglildponmauazilasu lumsndululasd uonTudle uazmslulasau Tae

NFLUIUMS denitrification (317 2-2)

Ng fixatiom f Wy Oxidation during
1 (78%Z by wol) i lightning WOz~ NOz~

NH; I Denitrificarion
1WV"M o~ A

[ air

Anae .

Volatilization
Bact.

1 Microbial decampositioq -
NH 101 NO
Decrrictus W 4 2 3

i )

Detritus animal food
chain Organic N
| I N

NH4 excretion

Blue green algae/bact—
erial M fixation.Org W

WH5 excretion

Sediment fwater

h—
Grazing animal Ecod Green plants
chain Organic N Organiec N Uptake
L i |
Death or
faecal‘l' excretion

r Non—living
1 organic N

4' = ] dy [ e’%‘
s 2.2 mavyudou lulasuludomnzi@esdadiin (Tacon, 1998)
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- 1 AN @
UeNAN Songsangjinda tazAm (2007) laAnyimsimziassdaiing iy
Y H
m31lgnih (silvo-aquaculture) Tasfnbimsiaesinziaswnudanardluundeilgnihnams
o a va ¥ a 2 v
Tagsinisasrsdaamuguantavesiwazauluuine srunsddndvesa1501115 A3
Y
anaznou Msfsumnlrivesnznoual LagMIMyURoUYBIEIo I WU AUaNTAYDT
a Y 3 =X A d 1A A J Ao o a A A
aznouauudaslimudIunu A uumaeunsdasndny laammeasounsdnazale
g 2 a ~ (% dya v A = 1
WazlFuasunising venvntauazneudiiunumlumsawazilanilassaseins
’.f 1a a U 9o’ v ' o w '
nnwIagau vseanazneuangul nazduiluurasdingvesluTasnuglunuaieg 91n
= o = ' a Aa Y o ya !
MsANEITINUBNIT anzvesauniinisazanvedlulasioulduin sildlinisdaes
' 1 o 23 Y = an o v Y
TuTasuaniemesdaiilugdvesnis luTasaulasnszuaunsa luas aau l)gau

VITNMARIY (317 2-3)

Water filled in N.. N.0 Toite bl
Feed 2, N2 Unit: mg/m™/d
0.4 Water
Higher trophic | K- °°°° g 283 ’
=N - Phinsa fMicmbm |
< 1al g~ level 02 136.8 10| 1 loop |
0.74 1330
¥ Y
0 .

- . - Discharge
| Shrimp Nitrogen =
017 I PON P - DIN & DON 1152 -

0 — Phytoplankton [ 800 R "
< Fish g . . -
014 12208
: Re-! 50.1 162 03 43
Mangrove | Sediment- | suspension | Discharge
ation I - H g
) nse | 1 LRy 1305
)
I .
Litter fall ¥ LqJ w ediment
Niwogen | [ 01 f spon |23 spon P25, sran |l svO, e SNO;
uptake
0.33
re-mineralization 4.7

Y o

M 9 H
s 23 msvyuieululasnulutemesneiwnudenaiiluudeilgnihneng

L] a q

(Songsangjinda et al., 2007)
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] 3’, a H [ %’ [
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[ ] %’ ]
Woala wlessavleaia wie exgiiioueala gnildeseenuigiiilasmsunseanuiain

g}.a a Y a yw 1 a [} a o [
FUNIVUIAU ‘Ll’f]ﬂﬂ?ﬂ‘f!‘(’J\‘lQﬂﬂﬁﬂt’lﬂ@ﬂNWT@ﬂﬂi}ﬂiiiJfﬂiﬂﬂﬁlﬁ'ﬁWﬂﬂJfJﬂﬂauﬂL‘%ﬂMW@giugﬂ
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Tugieanesadunidlasnsvunionazmsmovesdad FaleareTadunidurediui

¥ T a A o I @ a a J ' =
l,lfll’maaﬁlslumi]3Qﬂﬂaﬂﬁmﬂi@ﬂﬁ]au‘mElﬂawmuWaﬁWa‘iaauu%iﬂ HAZUWHIUHYULIYU

Q q

g @ ,

o < v a A da ] a ~ ' Vo dAAa
nauhiflueavesadunidonaseIasnmsaevesgaunsouazmsdaiu llgaainnuan

A T 1 Ao o ' dy = [ Y a ] a [
Ll.l%ﬂ’f]ﬂil!ﬁ’)ﬂi“]f’tﬂﬁﬁ IﬂEW]ﬁﬁ’JWif;ﬂuﬁ]%‘l’iMHL’JEI‘LW‘IE)ﬁ“Nﬂiﬁ%Wﬂ‘HuﬂumWHﬂﬁﬂu%’WﬂluW

1 Y H
oo (detritus) udmyuiou lliluneanleaduviidonaielasmsmouazmsiunie (U 2-

4)
Green plants Crazing ani=al
Organic P ™ Organic P
Death Faecal
qL Dedth Excrel:i.on
Non-living
Oorganic P
| Death Faecal
Deach i
Suspended/ . Excretion
H solubdble
=
Microbial deco— Detritus animal
mposition.Det P food chain.Org P

~

Y
H PO, H, PO, Jut HPO, 2 ek POY3™ 3y
Soluble imorganic orthophosphate

r 3
3 I
.

Ssdimentation 2/ \Precipiation/mud

: aisorpl:ion
)
2

T Microbial decomposition W4 1nsoluble

Detritus P Ca phosphates,Fe
phosphates, Alu=
~inluS phosSphates

o A ]

jediment

d' = [ ] dy [ o’g

i 2-4 manyuNsurleaesalutiemizi@esdainin (Tacon, 1998)
o v A v gy o 1 A Aaaa ~ A
WoavleSaluto@ensldunnmstunie sndadlidia uazemsNvaunio

a 9 = @ [ [ A a 2
eIy Falearesadiulugamusaanaznouazgnganau lasAuuIng (89gns
g‘/ g [ [l a &Y a

wazaez, 2532) Miuveavesaszazavegluauluziessareaa (FePo,) azqiition
a v
Woala (AIPO,) wazuaaiFeuvloding (CaPO,) (Chien, 1989) pH vodIAUanad ilosTa

Woalanazezgiitionvloanlnaziaailaes losourlemasenuigarsazatean ioauna
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A =

WoaesangnaselasezgiiionlugezgiiiionvloaavziilSuaaaas ualonaiiull

u

o A o PR 1 A A < a A
Woaesangngansalugdesianommavsziinuyy vazifSmanranuazozgiiition
4 X 1 = @ { 4 1
MnIY g (2535) wunlsnaeavedaiiiluise Tewl (available phosphorus) Tusagain
Ueogluge 37.37-42.62 Haansuaen lansy uaziiuun Iuaaasmuanuanuesniay
== o @ £ Y
Montoya HazAale (2000) Anwwainveseaesaluszuums@enivn
o = A an Y [ o
HUDWAI FUTUNalied91ngase1nisuazIsn1s e s wud Weanesalueimisgn
a Y = Ay n ya A 2
U3 Inanazimmany Taons wazgardveon lilugidvesemsndalildnu emsndlueynia
dyy ~ o 3
YR nazazatelnui
dy = =S (2 dy
uonanimsansimsnyuieu lulaswurazearesaluszuunisdes
v Y
BUUNAUHE U@l sea bream HUVMUWUY 1ag 1581518 Uva lactuca $18Tumsga
Fua1501415 lu Tasunazearesa wui weaWesadSumminuininenisin1d &
J [ { a o @ @
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g Qy d‘ Qy S A [ 1Y d‘ 9y 1
inaiieaugaminaasallsmaneaneda 39-47% veaeaoanngszuy (Krom er al.,

1995)
a v t—‘q!’ %
2.3 53UVHNALUBIANINA
v A . .
- al5U%I9 (biotic factors)

1 cij o 73 a A I v R A 9 v o w a A
Tutie@eadadn QaUNIINUNVIMHENTUNGIVOINUMAINARN (productivity)
] Y4 I %’
MINYUABUATOIMIT  UAIN N INFUINTVRITAINE@LI AN NI Mgy lsa iag

a [ [ -4

% ay A 9 % A { ] a
WNANTENUVUDIUINIADAILIAADY %Qﬁﬁﬁ%’)ﬁﬁ@1 EJE]gj‘l1EJGI,‘L!igﬂﬂul’lﬁﬁﬂ’ﬂhﬁh‘wuﬁllﬂﬂ
Y

& v o A Aaa A 2 [ A = A v o Jdou A Ada d '
WINIDIAINU FIUFIANINIZIAY ll'J']f]\TVi5@1]'@’]5]\111?]'3’]1]?(“‘1/‘“‘]5ﬂ‘]Jﬁ\HJ"]f'JG]LﬁﬂG] LYY

s va & v o

a ¢ ¢ s 4 o
%qﬁu‘ﬂdiﬁl uwmﬂ@muﬁ% UWANNADUTAI HASTAINUIAU INNNATILASNNOOY NI1TIANIT

De

a

2 a 4 T Y o
IdiasliFiaan lueoloo1ms (food web) Intnaduluve@osdsvatinnuiniluludiu
a 14 ' .
911M1IFITNWIAVDIGNNLTNIA0Y (Moriarty, 1997)

1 < 1 dy ¥ Aa T 3’,
AIM18VUIAAN (microalgae) lutipi@oaneunImiti@ugue lunsausn

o g ¢ s A = s
nagnaIINIUeInlszneutazANNYNYUYDILNAInAoUN Iz Asumas Ty unasdaou-

A ] dy Y A = ] <3 A =\ ] @
W%iuﬂ@mﬂﬂf}ﬂﬁ'mﬁmwuﬂim'lfl!ﬂEJ'N%"J@!TJL‘L!@\‘H]'lﬂﬂJﬁ'ﬁfJTVi'li LYY 'luiml,%u Woavosa
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A A a 1 Y ] 9 %1 + , ,
nnveudsMAamsassfarnuuy M3l 91113 tazie (Alonso-Rodriguez and Péez-
Osuna, 2003)

- L2 o @ ¢ 2 v 4
Tuve@eanauunaia luddaiusnvesnismes guilasumlasninsses
9
@T’mauizazqﬂﬁ)w (postlarvae) mﬁﬁqigﬂzﬁ"a;u (juvenile) ) Iﬂﬂfijﬂma1ﬁﬂuflﬂ/ﬂi‘ﬁiin%1@

] I a [ 4 L

WINT N TIYUUIALAN (microalgae) Tannen (copepod) W1 utlow (detritus) UAYNIDOUYDY

= A o 1 Y =K A Y 0o A g’/ 43}49! 1o =Y

(mollusk larvae) AUDY 2 mauwmﬂaaEJQQmgiﬂﬁmmimgmgﬂmm mumuagnuﬂimm

ada X . P ! 3 o = 3 o A o <

91M1IFITNFIANNAYU U (Fast, 1992) HAazNNToNOUANIBNITLHZIANIBAINTON TR

Y a [ ] = < a v J Y a

niAuvUA 1Y) (macrofauna) 19U viosdoIr Az o UABIVINAEGN AUdAINIIAUYUA

] a a a T 4

Na19 (meiofauna) 1% IWaAA (polychaetes) LOUWNWOA (amphipods) TaNWoANguaIs

3 A 4 ] = g’/ 1 4

UNANABDYA (harpacticoid copepods) LLALNIN meiobenthos (YU nuaRise saunenutles

. dy 9 a o A Y 9 aa 4 A g}/ a []

(detritus) uﬂﬂmﬂuQﬂmmmﬂuuwaaﬂﬂauwﬂﬂfJﬂmsJGluﬂﬁmmzwmﬂmuwwmmzmag
IEALIAICE] (Gomez-Aguirre and Martinez-Cordova, 1998)

v dy Y o A dy J @ v 9 1 v J Y a 1

1uumaENQmmm‘ﬂu,aEm'auﬂUﬁMﬂfJ"lﬁ"lﬂWUﬁmwumu 9 ngulu3

Phylum 1@un Phylum Arthropoda W1 5 9UAL (Order) 1&un Order Diptera Order Cladocera

Order Ostracoda Order Amphipoda 8% Order Copepoda Phylum Mollusca W1 novaor

v J a 1 o { I
(bivalve) 1102 108187 (gastropod) 118¢ Phylum Annelida Taodainihaunguuaninuiy

J 9

U . . [ - a 1 d‘d 1 9 =
NANUUDULAN (chironomid) waznovaotrh uazwmmﬁmumuiummmmw”la"lm

Y
A Aaa K

a 1 1 H ] 1 a @ I'4 o Y] J v
Usmauinainluten e msie TasdSuadaimhaunmarulianuduiusouuia
=\ U Y 1 ] 1 S W o v a =S
Fanmaesa s 1d Inluteediitiodnny (356118, 2551)

Y
WBNIN INMTANEIUNVINYBIAAINAATITUBIA (Natural  Productivity)
Y
] 9 o . . . 1 a =Y
11&‘1JE)L§ENQQQEIW]”ILL“U‘LI modified extensive shrimp pond WU yiuauazdsunuvealszans
4 A A 1 [ 4 dy [Y] 3’; R A A
uWaanaRUNFLAIGIlUTI 6 FUaImiuInYeInIT@e HaIInUUINUTMVanaazAg
o v 2 1 o o 7 o & o A ¥ A o
szausuiu ldauaasanisiaes dimsvunainaeudainguuaniinyg laun Ts@wes
a =Y a 4 a I [ [ g’; 1A
Tanoea wazing (mysid) laetSualsdmosuaz Tannweailinin uaziflunguiauauaisudu
= A X A A @l; o I X < '
DN 1 AOULTNYRINIAEY taznaEulUTanludiamin 3 vesms@saaziilungu

1 @ g’/ a o ] P [ k4 ]

AUNAI9100 Y Tasriavoaunadnaoudainnuluseriransiaes 18un Brachionus

plicatilis, Keratella spp., Pseudodiaptomus annandalei, Paracalanus aculetaus, Oithona

brevicornis, Microstella norvegica W& Mesopodopsis zeylanica (Moorthy and Altaff, 2002)
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- anls 1iiF3e (abiotic factors)

Y
AUNTINUN

¥ 1 ci} ~ A 43' 14
ﬂmmwuﬂuumammmﬂaﬂuuﬂm"lﬂmmgaznmmimmm WND Lag

o

Y = = o sa 9 @ H ' '
AU (2537) ]1@i1ENTL!fI\‘]ﬂ?‘iﬁﬂ‘]ﬂ'lﬁ’ﬂﬁﬂJ‘W‘L!‘ﬁL%’\‘ll’ﬁuﬂl’ﬂ\‘lG]'J!,Lﬂiﬂmﬂ1wu11ullﬁﬁ$ﬂfﬂﬂﬂlfl\‘l

Hq v ) 2 v ) 2 A 0 w

32oz0 M 1% 1UNTREINUTDYaN1318897991 ANUHUII NNl asea sl aIud Ay

[ A A o Y %’ v dy ° o =\ = =

a1z ldnaniminlutenosdias Tasmmzawlsuen Tuiissay Tulasy 1iTed

' 0o q ¥ = X v ¥ o 5 v ) a

pazanu sl hldszeznanldlumsitosdsduas sasisead uazdeladn nanananaa
] I o dy Y Ao =) A Y a A Ao U

anuruimiudlsidesdunimualinaeisnnanuuazveudeNvun oo nu
PO 2 o {9 o 1 L.

vou Tudlefluesndsznouranvesasisznou luTasnuidsiuaiveonun (Wickins, 1985)

1 [

A 33 A a sy a . o
wazen TuHentuaisdsznouninyaedandivianeyila (Wajsbrot et al., 1989) Tagszay

A A v Y o w 1 [ A o Y 3
LC,, voanTuliodasy (NH,) aofana1d1iousiny 0.77 un/a. uazilesiuia iy
o 1] < @ ]
seavaoassTaely application factor = 0.1 (Chen et al., 1990) N l@szavilaoaseves
o TuesIUNINY 0.675 Wn./a.
) %’ ' dy Y <3 Y a = A
nnmsdrsgunmiilutemesns wxmu ldfSunaven Tuiisswiny

=l

1 dy 9 = 1 1% @ = [ [] < o 'o 1
1uﬂ@tﬁﬂﬂf}ﬂ @1§]%$3Jﬂ1q\1ﬂ3ﬁ$ﬂﬂﬂﬁ@ﬂﬂﬂ Taalimgene 2.6 un./a. LWI?]EJNllﬁﬂfJWHﬂ’N

U

=KX A

[ % g’/ % [ ¥ Y 1 a Y 1 3’,
52AU LC,, aaruaulsuenTudissinlutemeanisainaauaomsanIaveanaunity ns

Q

'
a

ds! a = ] dy 9y o Y dy <
e suawen Tuiesanlude@eenanaiduuiauauszeznanasuily
quanpuzaulszmsniesnsdsudasgunmhlutedoeds ifeswinluemsidos
Y
Aatifsua luTasauga (Wang, 1990) Tulasumaniioez £QnUIUA180ONNIDT 13-32% V04
Tulasimunanuadifens Tnah'ly Lmz'luT@'imu‘ﬂGu‘ua1ﬂaaﬂmmzagiugﬂu@ﬂmuﬂ
. . 2 = 3 oA ! Y 1 '
Yszanm 75% (Wickins, 1985) YsmnamenTuilesiwveairlutenilaseniauasauinnii 50
@ A da! [ Ad 1 A 49@’ =\ A 1 FY dy @
a/e3.u. azmuyuludannGinnmauuuveen Tuiiglutienilassnauass 25-30 4/
2’, dy A dy A 1 Y 1 =) Y A
a3.4. Nabiieannluszuumsideanlaseniluanuruuniugaims lvemanaslu
YSangand (palauazaug, 2535)
a Id o & Ao o a 9
pandnuiluifiveriianmvuadngnmlumsnanleauazAIUANNIZUINMS
' ] A " o A A 2 ' ~ 4
gosarasunulfeondion MnawaswanieNguazguniniii iy wen Tudouas lu'lasy
A A 2 9 a A 2 299 ' 2 Y A Aa
NerzaunuINIYL HazANUABINTBRNFUNNINYY ¥ 1HHNI MIdeenIszuvaning
v 9 A v = Y A a o Y A '
vans e ms i lumunzan wuiinis ldemsnunmdu il shlddiasemmsmaeasauey

1 dy Y 3}1 %,' a 9 1 A %’ A A a dy dy
“luumaﬂmmﬂuumamuﬂuua mmJaﬂumJaqﬂt;umwumamumﬂmumﬂﬂmaaﬂu



Y v [
szuullasedmaldSunauazanudesmsesndnuvestemesnaulasuuasl sl

dy a A a a 9 v & = 9y ~ @ a ] dy Y
LaEl\?aluig'ﬂ'ﬂﬂﬂllﬂ'l'il%iillulﬁﬂi@]uﬂﬂaﬂ ANUU i]\WIleIﬂ'liﬂ’J‘]Jﬂllﬁgﬂﬂﬂﬂﬂcﬁlﬂuﬁluﬂﬂmﬂ\?ﬂﬂ
YA a =\ 1Y) Y ¥ A a a A dy
Gh’ill’f]@ﬂ“]ﬂﬁ]ulwENW’E]ﬂllﬂ’ﬂll@]’f]\iﬂ'l‘i"l]'ﬁ)\‘lfl\‘uwf]ﬂ'li!%ifymﬂiﬁﬂﬂﬁaﬂﬂigﬂgnﬁnaﬂﬂ

[ 1

H Y Y '

Ysmmesngnuiazaisiniu uennnszdingaemsnsyay Tahndvesda

9 v A o & 1 a ~A o an o [ dy 9
udn datianusuilulumsdesaatsvesasdouniouaznszuiums luasndulutomeds

Y [ )
Madenjian  (1990) las1091udenudesnmseandnulutisnesdeilfiienisniels wuan
y 1 =)

ANMUADINITODNTIIUUDIUT (water  column) HBIDEIUASIVLDI 45%  VDINITUT 1NN

a 2’, [ a a F2 ! ' { gll
PONFIUNIHUA AIUMTVS InnoanFuveInzilszmnaiosnii 10% uaz@ruiiaonu

I 9 a dy 9 1 a a A g/} ] =® [
itlums 1FoanBauveaNuAuLe MIU3 1NADONTFIIUVDININIU0O19ILFIDITEAD 0.8-1.2
Y ] v

wn./a/wu. 0199z IS nuesndnuazatslunoudiauestemesiiniganinldiinig
wiavIaldednelnd 4 unsa) Tasmwiz luen luawnsamueimslaedaneriios dau

o 1 1 [} 4 H ]
Tuna1na193U Erez tazams (1990) 1a31ea1unluganainaiesiuumasnaounnu vyl y

1 4 v % a a ] g J =Y Aa

lueResdaiihamwnsondanesndauesnuiazategluiirlans 10 maeslsuuesndian
d' 4 1 dy 9 o Y a ] [ 1 ] 9 ]
nwasnaowrat 1yl lumsmela shldlsumesndnulugisieuananansiudiag
A ds! A v 1 9 a ~ [ I 4
nuazazgannyuiloainy llsaladesas eansuiuinlunainarciwdlulse Tews

dmFumstesaaeeIounie ez MInyUAoUIT TR

AUNINAY

o v 1

Aa &' ' dy Y I dy Y Y shil ]
ACNBUAUIINNUUBLAYINNNUANUTIAYADNITLAYIN LWﬁ"IZf]‘QSlGHWu‘UEJ“lL!

g

Y v
MIHINULAZAITITN ﬁﬂﬂﬂ1W1uﬂ13ii’J\13UWﬁNﬁ@f%}\iﬁ]%ﬁu@ﬂﬂ‘ﬂﬂmﬁﬂﬂmlﬁgﬂlﬂﬂlﬁﬂ‘ﬁﬁgﬁh

] Y 1 a 4 A a 1 1Y)
ogluaznou ANNANUINVYBIAUUBIAAINIAYDINIT HINUNAINADUNY LAz AT IANA T
Y
DUNUABDATZYZIIAUAL HADINMTANEINUNINAZNOUAUYDI ATALDZAUY (2536) WU
dns1nsanazneu UsuawenTuileluaznouau Weavesasiu lulasiausiv uag
Y s A dy d’l a 1 =1 1
laTasnudalua vruaiuszoznanaes tazaznouauawsolasenon Tutis oonung
?,' 1 dy Y A
wahludoesnsla
=< = a . . 4 dy Y
NNMIANH T BUNIVA1591%15 TUAY (soil nutrients) DINWITUIREINIVY
o = o 4 dy FY a A J 1 dy Y @ =
Wl Aawa 1azSNReINIUUIUNTS WUIMITIABINIMVUNAUINNIT AL AUV
[ a ~ A dy Y = 1%
Woaosaluduganga (282.7 un/nN.) 59909IMIABMIABINUVAINAIU (103.9 UN./NN.)
dy 9 a A I [ 9y A [ 1
wazmsneansluszuusunsdunmsasauoanesatiosNga (25.5-33.7 un./nn.) duNAIN15

dy Y a A I Aa ~ ¢ [ a Y [ ds’ Y I 1 dy Y
LE]ENQﬂ‘luizﬂﬂi’)u‘ﬂiElllE‘Tﬁ’f]Ll‘V]iHLLQZWBﬁWQiﬁﬁzﬁuiuﬂuuﬂfJﬂ’J”I ‘Hi‘l’imu’ﬂﬂﬁmﬂﬂﬂ‘\i
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v ' 9
puumuaznaannimslassaiseiseengdunadenlulsuuge duiuszunms

2 v a A I a v A ' a '
laENQQ!L‘U‘U@H1/]58%3UJullﬁ'iﬂ‘ﬂﬁ\‘i!Lj@ﬁ}f]Mllagﬂ@iﬁjlﬂﬂﬂj'u\lﬂ\iguu'lﬂﬂ')'] (Schober et al.,

2007)
2.4 mwmaglaln

- 23NN
oYNIVATIUUDIA I8 1 (Vashishta, 1983; Guiry and Guiry, 2011)
Division Chlorophyta
Class Chlorophyceae
Order Ulvales
Family Ulvaceae
Genus Ulva

Species intestinalis

anvazn lvosamieldln
Y = I A A A A A 1 =
Naad (thallus) Nanvazlurasanale YAWeIaA 1500190 FVI00UDI

Wonin drulauuauuazveslvgaoutaeIaslvuianielane 2 wuawas (Ui 2-5) du

v ~ Y o o 1

gaueNanyULF oY AuLnlanyazfugumiien 1d41n (Lewmanomont and Ogawa, 1995) T
'y ¥

= 9 o = ~ 3’; 4 . =
mmﬁagmﬂu ﬂ\i’dﬁ\lﬁﬂaﬂﬂuflﬂ WUIEAANANNUUUUNYN 1 BULBaA (smgle layer) AN

[ [

% [ 9 . . ¥ 1 1 1 {0 1 (Y] 4 1 1
nuddaq Tagld rhizoid Fedulngmevesdmienosusgazdamznuiag diuaieNunnii

q

1 1] 1 = =) % . !

T1ain1 92ape06190aTZUNAN (Vashishta, 1983) TABE0UDIA1MI10010I3 81N DILYUI
=< AAa [] = 9 a a 9 [] Y
Favusnanegazivuianinlszuia 1 Hadwas awisongaoendinauui 1ddienas

a a 1 Y 1 a dy a Y
wsauan Tnae 1114 (Lewmanomont and Ogawa, 1995) amiesiiatiamnsadyIaldo1un

Y )

VNATINDYUIAGIININNDT 20 1¥UAAT ilodnmuiadon limuzay 6113109 1ga1n

UHADAMIZUAIITIFNUU VD080 AT
J Yy 1 " v J 9/?:/ A v Y a
amie1d lnaunsouns Wug AN uLA NI UIHS oM HBDNIINAULAN
LY J 1Y

¥ A o & =2 g
Llﬂ3fﬂﬁl!WiWu‘ﬁlLUUﬂWﬁﬂlWﬁIﬂﬂﬂWiﬁﬁNL“Ifﬁﬁﬁ'UWllﬁ (gametes) “ﬁﬂlﬂui%ﬂ% gametophyte

Q

A A o & s Y 3w Y 2 o ' 7
mawaaﬁ‘uwu‘g 2 L“ﬁﬁﬁi?ﬂﬂﬂﬂﬁ?ﬂlﬂuﬂﬂﬂﬂu (zygote) L!.ﬁ'JEﬂQW@JUWI@‘(’JﬂWiL!UQL%ﬁﬁL!UU

. . 2 < v @ < 1 P . . 4 Aa
mitosis B9 vtunana luszee sporophyte %aﬁmmmmamm‘u mel0sis Lﬁﬂwa@l
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~

. A 1 . A A 4 1 g I (%
quadriflagellate spores N{38NI1 meiozoospores HI® gonozoospores Tasnalosvatiaziiuea

ﬁ%’nwaﬁﬁuﬁuﬁ (gametes) ao 'l (Vashishta, 1983)

v 9

v £
31 2-5 Madavesmnie ld Inndeslutenounsalulsumzideedainl

A3

Jd o

- UNFINN

ameld Innum lilungienignszauvesuimeds Tasmwizusnaund

v
% 1

%’ A ' g‘-’ < Y g A ") o a
mﬁm"lwamm LW]‘U'Nﬂi\‘]ﬂﬁTlﬂﬁﬂWUVlﬂalUU'mﬂ ﬁ']'iJ']ﬁﬂf]iijlﬂalu5$ﬂ‘quﬁail Hn - 2°C —

4
2 3 =

' o v 3 2

30°C %QWUfJﬂW’iLLWiﬂizfﬂTﬂﬂ’ﬂaﬂ uaxmmmwu"lﬁ'ﬁmumuﬂmwmmumm R R

A a < dyw K dy A
nJaﬂuuﬂawmqqummxmmmuqq (Sze, 1986) UONVINUIINVVUVUNU TAaUHTOUY
Y a a 1 %} 1 l% 3, 1 %‘ 2 g :: ' Y g :)
NOURUUITNUUHAIUINTo8 Tnuun mgmquwﬁfiumm‘lﬂ%uﬁmﬂmmﬁmummmqﬂ

o ] d’} 1 a dy a Y U %’ A < ° 1

uazmwu'lﬁ'“lummmﬂm m‘mwﬂmmumm‘iamq;"lﬂcluLmmumnmmmmmuawum

{ 1 1 1 90’ {
msilasuntlaslurrandie (Lewmanomont and Ogawa, 1995) naza@wIsonuegluumaim

(%

A o o & ' g 1= v 3 2o v Y Y Aa
e Uﬂ]@\jﬁ1361ﬂ13qq ﬂquuﬂ']iWUﬁ“ﬁ’i518ula]1ﬂ{l]\1f’niﬂﬁﬂGl“]ﬂﬂu@]’lﬂf’)ﬂllﬂﬁqu'ﬁf']ﬂﬂ\iﬂu

1501159918

k4
v A A

' Y 3 1 A 901 o g’/ = a
awseld 1 Wuamnenasaaos 18 1 auiudayeuimzAafUNURD

v
1 A o

wu A 1Y feldvSeuduanldenvos (Martins ef aZ., 1999) ami1e'1d InTinaauianes N
a { 1 @ ] { A < A o
TawnsaauTaldaluiglianzinaden uanaanu mu MTanuAutazguvgl Aumls
o L4 YA A 9y ° o A o
g9 ansaduasiziuadldduilunlianuduvewad nazdalinnuaunsalumsgady
¥ a 3 < o a
o1 luTasnulniuezay Tass sazawnsanuasilsznen lulasnu I3 luddu1d 5w

IS) A

=K o Y 2 dzg o Y 3
410 (Fong ef al., 1998) ﬁN“VIﬂ,‘ﬁLl"IiJﬂiLlfﬁJ‘]JGIWIJLlLlﬁ$ﬂ11ﬁ‘ﬁ1ﬁ]ﬂ?‘ﬂ151uu1ﬁﬂﬁﬂ

q
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YR 3 [
Kamer 11a Fong (2001) laAnymavesarsisznenlulasiou uazanuauae
2 '
M3y Ta MIgzauuIa®INIm Lagwatnveesne 1 luilovesamiie1d 1n nudimsm
o 9 v A dal - < ° A o Y
TuTlasmumldamneTamuvy vazluansrznanuaudaimamyluTasnuaziilvuia
1 Y v
FInMUeIE AL tazaNuaso lumsgasueanosauazmamulTnaamie
3 v A 4 o 'l 1 a e a
sunuma luTasnunnyansoi 119 se Teani la tazamseriiatannsaaylalda
Y 4.
T nus9e Mg
dy 1 1 9 = 1 [ ana o ok a
wonAUNUNA M 1 InluNUINAeMIATIFIAV0IFAT IUTLUUTINA
. 2 A 9 A v 3’, A
Taglutua supralittoral rock pools @aNaMWIAdoNNNANNAULA)IgaINNIluEToIURIA Y
< a a a o YN o A a [ g/} ~ n Y A
iy guugil uazlSumesndiau M ldtdaliiesaosrtiamiiuiamisood 1d Ao orange
harpacticoid copepod (Tigriopus brevicornis) 8% chironomid larva (Haocadius fucicola) iagdl
1 =\ a = ] ;’.’, A ] a dy Y A 1 9 ' ' =
dmeiesria@enniuiamisoegluuinuilld Ae damieldinlasaimireazl
I ~ T A A ] Yo o ~ Y . .
vnumlumsitlunedusennauseulnnudadlunain rockpool UWS 18N T. brevicornis
) % 1 Yy 1 A = =< = a’; dy a Ao
12U 200-300 A luawmseld lndissaefen amsanuinisiannsnetuiomgnandn s
1 dy [ T . A v & o 4
mmummmmﬁﬂagimw supralittoral rockpool nuvaunan 2-3 a1y (McAllen, 1999)
v 3 Y A af 1 = o w
Tuszuvvearastimedevsensanay vssvalvgylanudiaglu
Yy a & 9 o vy A o ' ! .
ruzvoIdHanTUAY tazimin Ml uniuvasazay vazlaalaeesige1viiseong
A 9 I 1 ~ o @ A aaa 1% ] ] ~ d’! .
ganaasy taziluyase M NaAYUeITI i I0 1us gAY 411 1501115 NGIVY (higher
trophic levels) (Kwak and Zedler, 1997) Martins tazasie (1999) las1eamaunui Tuanne
d‘ 1 9) (= a a ] <3 I ] ] 1 %‘ 1
el Infimsnsyauleedesiainulnaguiluuiuruegluunani amiie

o w

1 @ v 3 o { g
1&1nszuaasunumdridnylumsaiuaunainuessigeis luuvasiniu wagsihminiu

9

a Ad o I Y a

{ 1 1 < 1
E]WW”Iiﬁﬁﬂﬂ!ﬂTq\W]@ﬂﬁuﬂﬁﬂ ﬁ@l'ﬂ’iuTﬂuﬂluTﬂLﬁﬂLm%ﬂluTﬂiﬁﬂJ
a d 14

2.5. ﬂ"lﬁﬂ‘l!i’)11’?15!!@3fi)\‘lﬂﬂi%ﬂi’)‘lﬂuﬂﬁZ!‘W]Z@)T‘rﬂisllﬂﬂflﬂ

J Y A a

- oantlszneulunszimzenmsvesnanny lusssuana
. J Y
Angsupanich  uazamz (1999) Anivedlszneulunsznze1115 Vel
a 1 o v v @ 9 <3 o ' Y
banana prawns 2 Ha Tus1dngas sandaaaa numalavesdszmalne Taenudediada
lu2 979781 Ao Fregeavusguaz Tuanfeld (Aounsngiau) uazgaaunsqu
@ o ' Y Y
AzdueoNBeunilo (1AoUTUNAN) WU TUNTLWIZBIMITVONNT Penacus  indicus WAL

Penaeus merguiensis U5£NoUAIWDIMITFITUIA 7 vHANAD 1AsTANUDNANY (frequency of
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v dy . = a
occurrence) ANU viogaoarh (bivalves) 56-89%, viogd R (gastropods) 44-83%, TRENGE
(amphipods) 16-71%, Twana (polychaetes) 4-29%, Wousuiiiousu (foraminiferans) 20-44%,
Y 1
%uaauﬁ%(pMntﬁwue)256296uaz1@@3@@11Qhaonm)42396§Qﬁaﬂﬁaqﬂwua$waﬂﬂnﬂaa
I A Aaa a oA 1 < a A Aaaa g‘; a ~
Lﬂumu%’mmuﬂmu‘ﬂwu ?JEJNU],iﬂGIHJﬂ‘iﬂﬂﬂ‘leU@\‘l’d\iM%Dﬁﬂﬂiul%ﬁﬂ’ﬂllﬂ (frequency of

J a = . .. A ' v o Y g}./
occurrence) Lm%flﬂﬂﬂi%ﬂﬂm%ﬁﬂiiﬂm (numerical composmon) wwu‘lmmmnmuﬁlumm
a dy =) d' 49! % a A
aeartall uazilsunanlasunlasvunuggnia tazviesaesdmazuannweanylufou
' A o A aa A @ '
ﬂiﬂ;]mmﬂﬂﬂilﬂumE)‘L!‘ﬁl!ﬂﬂﬂ yaziuna Insweauaz Inaaany luaeusuNauNINAI
A aa ay U A 1 A 1 % d'
Glum@uﬂiﬂ;]mu saznuousuiiweonsy FuaIuny uaz"lﬂaxmu wueualsuuaeain
° A
NUAT (TN 2-3 1y 2-4)
@7 Nandakumar 118¢ Damodaran (1998) ?fmg1611ﬁﬂmmma$wqﬁﬂﬁumi
a Y .. a 1 a { Y a
NUDIMITUDIN Metapenaeus monoceros (Fabricius) 6]fh!‘ﬁ'iiiﬁlﬂ@l NUIN ‘Buﬂmﬁﬁﬁf}ﬂﬂu
i @ 1 A 9 Ay I v A d K ' Y A o 1A y
LmﬂmmuizmnmLnﬂaauwmagmﬁamﬂummuazmﬂﬁaﬂ Tﬂﬂf}ﬁﬂMﬁﬂ@gU’iL’JﬂlWﬂﬂﬁ
a as I % - 9 v %’ v a [ =S I [ dy 1
nzanu Inanauvan ‘llmz‘I/]fN11!LL‘HaQ‘Lﬂﬂi@ﬂﬂuWQﬂﬂﬁﬁmt‘HﬂmﬂUﬁaﬂ HENIINUNUIN
Y A a a ] A 1 [ v 9 A A 1 o
mqumﬂ‘i33Jﬂummiﬁlummmaﬂumnﬂammmu LL’dzW’Uﬂf}ﬂLWﬁLNﬂﬂﬂQIUﬁzﬂzﬁnyjm
a vy oAy s Y] o 1 . . v & o a
L‘Wﬂﬂu’mﬁTimﬂﬂﬂf}ﬁﬂkluﬁimuimw\lﬁ NITYSIYIU (juvenile) HALILYZAWANIY (adult) NU
' = = yI 19 L. 3 o da
mmi"lmmﬂmmu ‘*IN%]"IﬂNam’iﬁﬂymﬁﬂﬂﬁmumf}ﬂ M. monoceros (Fabricius) Wudainu
A . 2 a v I o a o a Ay X 1o
1UD (carnivorous) HINUNINTAN Wuemisvian Tﬂauﬁﬂmﬁﬂuu‘lmuag UUYUIA WA LAY

HraINegeIfY
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Y s ]
ﬂ'l'i]\‘lﬁ 2-3 @Qﬂﬂﬁgﬂ@‘ﬂaluﬂﬁ%kWWZ@TﬁWﬁ‘U@Qﬂ‘Q Penaeus indicus Glutﬁeummmu ua&ﬁau

$4AY U 7.7, 1994 (Angsupanich ez al., 1999)

Food item Frequency of occurrence (%) Numerical composition (%)
July Dec Mean July Dec Mean

Bivalvia

Unidentified species 81.3 56.0 68.6 42.0 23.2 32.6
Gastropoda

Unidentified species 43.8 76.0 59.9 9.8 40.5 25.1
Crustacea

Amphipoda 70.8 16.0 434 35.1 7.8 21.4

Brachyura 2.1 0.0 1.0 0.1 0.0 0.0

Isopoda 4.2 0.0 2.1 0.2 0.0 0.1

Mysidacea 2.1 0.0 1.0 0.3 0.0 0.2
Foraminifera

Unidentified species 39.6 20.0 29.8 4.9 5.0 4.9
Polychaeta

Unidentified species 4.2 24.0 14.1 0.1 4.6 2.4
Bacillariophyceae

Unidentified species 14.6 4.0 9.3 1.0 1.3 1.2
Others

Plant tissue 25.0 52.0 38.5 4.0 11.3 7.6

Unidentified egg 0.0 8.0 4.0 0.0 6.3 3.1

Fish scale 4.2 0.0 2.1 2.6 0.0 1.3
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3 7 Y
ﬂTiNﬁ 2-4 ENﬂ‘]_]3$ﬂﬂﬂcluﬂi$!,w1$’f)11’ﬂisllﬂ\1flﬂ Penaeus merguiensis Glulﬁ@uﬂiﬂfmﬂi] ay

ousUNAY T/ A.7. 1994 (Angsupanich e al., 1999)

Food item Frequency of occurrence (%) Numerical composition (%)
July Dec Mean July Dec Mean

Bivalvia

Unidentified species 89.1 72.4 80.7 49.2 349 42.0
Gastropoda

Unidentified species 52.0 82.9 67.5 12.7 37.7 25.2
Crustacea

Amphipoda 64.3 28.5 46.4 22.7 8.7 15.7

Brachyura 2.7 2.4 2.6 0.1 1.3 0.7

Cirripedia 0.0 0.8 0.4 0.0 0.5 0.2

Copepoda 2.2 2.4 2.3 0.5 0.2 0.3

Isopoda 5.5 0.8 3.1 0.6 0.1 0.3

Mysidacea 0.5 0.0 0.3 0.0 0.0 0.0
Foraminifera

Unidentified species 43.6 30.9 37.2 6.0 2.7 4.3
Polychaeta

Unidentified species 7.6 29.3 18.5 1.0 8.7 49
Bacillariophyceae

Unidentified species 22.9 4.9 13.9 2.5 1.1 1.8
Nematoda

Unidentified species 0.0 1.6 0.8 0.0 0.1 0.1
Others

Plant tissue 31.6 35.0 333 4.0 34 3.7

Unidentified egg 0.0 0.8 04 0.0 0.8 04

Fish scale 2.2 0.0 1.1 0.7 0.0 0.4
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= 3’1 dy Y 3 1 an o o 1 a 4 1
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A a a 9 3
Focken tazamz (1998) Anb1ifsmmemissssuanauazomisidsudusogyl
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HanannInia 18% UIND1WODN 27% uaz“luTﬁimuqmgaﬂaaﬂmﬂuacl,ugﬂﬂw”luimmu

=

=~ d' é a 1 =) ~
Lm%u@llillluﬁ]‘ﬂi%!ﬂﬂ@@ﬂhlﬂ 30% SIUNAVINNTEUIUNITYIDIT AN B INTWUDILLANLTY
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Feed
78%

Fertilizer Den“nﬁcaﬁﬂﬂ ﬂﬂd
1.8% ammoma vo.'anhmfmn

1

Water exchange 17%
Harvest drainage 10%

Rvinfiadl
&I3%
Shrimp stocked

Runoff0.05% — .02%

— N
Warer exchamge 4%

Sexpage 0.1% Erusion of pand soil 16 %

Shrimp harvest 18%

Sediment removal 24%

31l 2-6 ﬂa"1uTssliL%uGlu‘1Jmamﬂmwwwmiwumﬂﬂiuﬂiwmﬁ"lm (Funge-Smith and

Briggs, 1998)
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dy 9 a dy y o
uenNINTl WNs uazame (2547) Talszdiuga luTasnuvesmsdoadenaid
a a = ' A 1 dy Y ' 3
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A a a 9 1 é 9 d' 1 a
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nigavTavesdald (i 2-7)

()
Feed N, loss 49.08 4
194.84
Growout pond
Shrimp | 0.03 : Harvested shrimp
lavae | Shrimp 3003 >
Feed remain and metabolic
it wastes 163.94
Initial \ Growing effluent
water | 6.24 180.1
Added | 64.15 Water L >
) yy Harvesting effluent
water | Sediment net flux Settlement 25.08
336.96 y 366.04
Sediment Net accumulation -20.11
Unit of process: kgN/ crop
| Feed N, loss A (
V)

Growout pond

Shrimpy| larvae Harvested

Initial Harvesting
water | f effluent

Shrimp

\/

\

Feed remain

p boli Harvesting effluent l
and metabolic Treatment pond
Y wastes Growing effluent
Initial| water >
ajwater, Water __Add/Recycle water Water
A Sediment
Sediment net Settlement Settlement
net flux
. I .
Sediment Szdtment

v Y
[ Y o a A 1
s 227 galulasnuluedesdanardiszouda (n) wazszuvtlanyudou (v) (A1 Net
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accumulation MR HaA19Uea TuTasmulusuazneuduan 2 su. Tusnneuraznaans

@4 Taga1 FCR =3.8) (WNT LazAY, 2547)
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R ﬂmw

Runoff 0055 —

Waer exchange 2%

Water exckang.e 70
Harvest drainage 3%

Seepage 0.03% ; ;;;,{
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26% Shrimp harvest 6%

Sediment removal
84%

v 9
51 2-8 gaearlesalutemosduuuianszuudalulszimalne (Funge-Smith and

Briggs, 1998)

Y

Funge-Smith 1102 Briggs (1998) na191 Taymddaiinatululszmeadnan

Yy < S A a = a dy 9 ~ = A
A lannfie Tymimsanasuewanan Funanms@edlugammiaaoui liduazmsimna

o 9 Sldy Y A an dy 9 A o '
Tsn i ldinuasnsdinesdauldeunadisms@es vinanud lamernuurawesa1sonig
| . 3 : y 2 2

LaEMIANYEIAITeIMIININansznuaenmn 1w lutenaziing s7une galulasou
o [ Y o 1 dy = U %’ = = v dy
Woawo i uaznainmaznou M lihungms@eswunldsunieni snmsanyigamaiil

dy Y I 1 dy oA g a 1 a Y a a [ v 1 =
Flimunnuvenuauszduaivliinamsdzauveaznoudu eaeia nazdiduaiu

9 [
193 TuTaseulutie@ue®naie ¥4 Teichert-Coddington LagAME (2000) 51841131 63% VB
A 4 2 ' y Aa 9 ' 2 A
TuTasnuimvaiunelutouamii@ud s auaes uag 36% 1191001113 Tuvmen
v oA A da! %71 A Y A

WoarleSanmuaiuinnmimautnm 51% uazunneIms 47% laeh 7% ved lulasnuuag
A [ = 1 ] dyd 1 a ] dy 4
o 31% veanedanesdrzgnasseglutio uenvIntiNT 191U azneuanluleIAeena
nadlulszimseedasido Insazauves lulaswusiuminu 225 Jaansu/niu uag
WoarleSasa minu 690 luTasnsunsu degenindmnm lulasnusiuuazoaesasiu

Tuazneuauluvathinsaued WinisdAyn19ada (Smith, 1996)



NaURI¥ Id D (Ulva intestinalis Linnaeus) fomstagunasves

aaus1aidiE3a abiotic factors) luszuuHnavedsisiiaes

MIAnEINaVeIa I &0 (Ulva intestinalis Linnaeus) doma)asuuilag
(g RN .o a X Y Yo A ) ! o
Yo3A 5 1iTTIa (abiotic factors) TuszvvinALU@ens laautiumslutetiniossians
< . . Hq Ya v Ay a 3 3 ,
YUIaLan (brackish water microcosm) wiﬁvﬂutaumﬂ‘uamﬂmmasmummmmu 20 muslu
Wuauluszay 10 ufas aseauEuNsmueanFaurinautaz 1 aso1vs luduay
ao’ o L4 g}J a3 1] 4 1 1 o
azageonu luii dlaiaz 1 asedunar 2 dland udrlgnamsieldInluszean 28 uaz
0/ 1 o U = U é [P=}
56 NTUADAITINNAT (T2 tag T3 mwdiay) nfSeuisunuganiugy (T1) a9 lilingilgn
1 9! 1 = 1 d' J a =\ =
amield 10 wamsAnymun @isenisignidesesninainauauilSuaniivansluns
v v ' Yy 1 a v 1 o P kS v o= A
nszquldamieldlnaulald 40 w1 aelunar 3 dlam nasanduamieiausuag
d‘ [} 1 1 U :7 =) té 1 (%]
iwosnndadiululasnuaoveanofadunu 1y Funinu 0.52 + 0.15 uaz 0.44 + 0.10 lugye
A o w Y I 1 I v o W a
MINAavIn T2 uag T3 ewaiay uaaslimunlulasnueraduifadesina lumsayIn
1 9 1 ~ Ya 1 dy Y I 1
yodmie Id Inluszuunldauauainio@esduiluuvasvesdrse s uazluaniig
9 ~ 1] 1 Yy A A o w a 3’/ 9 1 1 Aa 4
mndeudeany mslgnausield Inluszuuinalimawaarudu ganinienliunasiaou
A A 1 a 2 o Yy o v ] [ 1 A Aa
Wwiesed1uner I liimsgaduasenns luld1dunna dwasemsiinesndauves

¥ - S A A - ] v Ay
u11UUﬂLafNG]NLﬂuﬂ13L1JaEJHLHJE‘N53TJ‘Uul')ﬁllﬂlafNﬂ‘\jﬁnﬂﬁﬂ1331591ﬂ1ﬁ1u‘1§3\1!5NWUﬂ15

Y Y
Aav A

3 = ' o Y ' ' YN 1A~ v 2 9
naaouiluannziiomeededanu nan1siveldldiun amield Inhiluteeds
ansadaralifinamsasunilasvesanls lunsielussuuiing mlduanmadoana

49@1 1 a Y o 1 =~ ' dy
ﬂjummwamamﬁmﬂmmgﬂqmﬂaauwﬂaaﬂaqmm

27



28

Effects of gutweed (Ulva intestinalis Linnaeus) on changing of abiotic factors

in the ecosystem in brackish water microcosms

Abstract

The effects of gutweed (Ulva intestinalis Linnaeus) on changing of abiotic factors
in the shrimp pond ecosystem was conducted in a brackish microcosm of which sludge from
shrimp pond was added onto the bottom and brackish water of salinity 20 ppt was also added into
the microcosm to the level of 10 cm. The sludge was raked once a week for two weeks in order to
increase oxygen transfer and nutrient release from sludge. Gutweed was grown in the microcosms
at two densities, 28 and 56 g/m2 (T2 and T3, respectively), in comparison with the control
microcosms (T1) without gutweed. Results from the study showed that the amount of nutrients
released from sludge were sufficient to promote a growth of gutweed up to 40 times of the initial
stocks within 3 weeks. Gutweed in T2 and T3 died after 3 weeks because of low DIN:DIP ratio
about 0.52 + 0.15 and 0.44 £ 0.10 respectively. This indicates that nitrogen is probably a limiting
factor to promote growth of gutweed in the system using sludge from shrimp pond as a source of
nutrients. Under the same condition, a primary productivity from gutweed was higher than that
from phytoplankton resulting in higher uptake of nutrients as well as higher dissolved oxygen
level observed in T2 and T3, which clearly indicates the improvement of ecosystem from
anaerobic condition at the beginning to the aerobic condition at the end of the study. Results from
this study indicate that using of gutweed in shrimp pond affects the changing of abiotic factors in
shrimp pond ecosystem providing a better environment suitable for growth of the stocked shrimp

larvae.
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Effects of gutweed (Ulva intestinalis Linnaeus) on changing of biotic factors

in the ecosystem in brackish water microcosms

Abstract

A study on the effects of gutweed (Ulva intestinalis Linnaeus) on shrimp pond
ecosystem changing was conducted in a brackish water microcosm, in which the sludge from
shrimp pond was added on the bottom. Twenty ppt saline water was added into the microcosm at
10 cm deep and the sludge was stirred at weekly intervals for 2 weeks to increase oxygen transfer
and nutrient release from sludge. Gutweed was grown in the microcosms at two densities; 28 and
56 g/m2 (T2 and T3, respectively), and compared to the control (T1) without gutweed. Result from
the study showed that chlorophyll ¢ from gutweed was higher than that from phytoplankton. The
ratio of chlorophyll a in gutweed:chlorophyll @ in phytoplankton reached the highest in the 28"
day accounted for 256.3 and 656 times in T2 and T3, respectively, which indicated a higher
nutrient uptake and higher dissolved oxygen level from photosynthesis. Furthermore, gutweed also
played effect on production natural food as well as providing of shelter and habitat for chironomid
larvae, mosquito larvae, nauplius of copepods especially harpacticoid of which these natural foods
are suitable for supporting growth of shrimp larvae. The amount of these natural foods showed
positive correlation to the biomass of gutweed. Thus, results from this study indicate that using of
gutweed in shrimp pond affects the changing of biotic factors in shrimp pond ecosystem providing

of natural foods, shelter and habitat that is suitable for growth of shrimp larvae.
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Growth and stomach content of black tiger prawn (Penaeus monodon)

cultivated under difference feeding regimes

Abstract

The study of growth and stomach content of black tiger shrimp (Penaeus
monodon) cultivated under 3 feeding regimes; no pelleted feed (T1), with commercial pellet feed
(T2) and no pellet feed+gutweed plantation (T3), was conducted in brackish water microcosms of
which the sludge from shrimp pond and 125 liters (lowering of water level to the depth of 5 cm) of
brackish water at 16 ppt were added into the microcosms. The sludge was raked once a week for
two weeks in order to increase oxygen transfer and nutrient release from sludge. Gutweed was
grown in the T3 microcosms at density of 27 g/m2 for two weeks, then, black tiger prawn postlarva
(PL20; average weight 0.013 g/PL) were stocked into each microcosm at a density of 53 PL/m’
and cultivated for 5 weeks. Result from the study showed that the growth of shrimp in T1 at the
end of 4" week cultivation was significantly lower than that of T2 and T3 (p<0.05) while there
was no significant difference (p>0.05) between growth in T2 and T3. The result of stomach
content of shrimps from all treatments showed that it consisted of gutweed (only in T3), plants
debris, Microcystis sp., copepod, insect larvae (mosquito larvae, chironomid larvae), benthic
diatom (Pleurosigma sp., Navicula spp.), rotifer (Brachionus sp., Colurella sp.), protozoa
(Zoothamnium sp.), detritus/pellet and unknown egg. Copepod showed the highest frequency of
occurrence (>90%) in all treatments relating to it’s density and availability throughout the study
period. The highest in numerical composition of the contents in shrimp stomachs were detritus
(34.5£19.9%) in T1, copepod (33.4 + 22.9%) in T2 and Navicula spp. (41.3+£19.9%) in T3. The
result from multiple regression analysis showed that shrimp growth was significantly related to the
amount of chironomid larvae in the microcosms (partial R’ = 0.43) although it was seldom found
in shrimp stomach. The result from this study indicate that when shrimp was stocked at the level
of 53 individual/m’, the method of pond preparation by raking of the bottom sediment and
lowering of water level could promote the natural foods to support shrimp growth for 2 weeks
without feeding any pelleted feed and shrimp mainly showed a behavior of benthic scavenger. The

plantation of gutweed provided additionally more natural foods to prolonging support shrimp
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growth for 4 weeks and shrimp mainly showed a behavior of water column scavenger resulting in
an ecosystem suitably for habitat and promotion of good growth equitably to the feeding of

commercial pellet.
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Effects of gutweed on transformation and budget of nitrogen and phosphorus in
black tiger shrimp (Penaeus monodon Fabricius) pond fed

with 3 different feeding regimes

Abstract

A study of effects of gutweed (Ulva intestinalis Linnaeus) on transformation and
budget of nitrogen and phosphorus in black tiger shrimp (Penaeus monodon Fabricius) pond fed
with 3 different regimes was conducted in 9 brackish water microcosms of which the sludge from
shrimp pond and 125 liters (depth 5 cm) of brackish water at 16 ppt were added into the microcosms.
The sludge was raked once a week for two weeks in order to increase oxygen transfer and nutrient
release from sludge. The experiment had 3 feeding regimes; without pelleted feed (T1), with
commercial pelleted feed (T2) and without pelleted feed but planting gutweed (T3). Gutweed was
grown in the T3 at a density of 27 g/m2 for two weeks, then, black tiger shrimp postlarvae (PL20;
average weight 0.013 g/PL) were stocked into each microcosm at a density of 53 PL/m’ and
cultivated for 5 weeks. The amount of nitrogen and phosphorus transformation in the ecosystem was
quantified using static nutrient budget model. The result showed that nutrients uptaken by gutweed
was higher than that of phytoplankton. Nitrogen concentration in water column of T3 was the lowest
(0.300 g/pond) and phosphorus concentration was 0.071 g/pond while those of T1 and T2 were
0.528, 0.047 g/pond and 0.623, 0.195 g/pond respectively. Shrimp T3 ingested the highest amounts
of nitrogen and phosphorus through natural productivity (5.576 and 0.110 g/pond or 129.98 and
12.72% of nitrogen and phosphorus in sediment). In contrast, nitrogen accumulated in sediment of
T2 at 0.149 g/pond (3.47% of nitrogen in sediment) and release phosphorus at 0.083 g/pond (9.60%
of phosphorus in sediment). Net nitrogen and phosphorus accumulation in sediment of T1 and T3
was decreased about 1.220 and 1.790 g/pond (28.44 and 41.68% of nitrogen in sediment) and about
0.110 and 0.233 g/pond (12.72 118 26.94% of phosphorus in sediment) in respectively. It was found
that the plantation of gutweed in the ecosystem of black tiger shrimp pond can enhanced the cycling
of nutrients from sediment to shrimp biomass (32.70% of nitrogen and 12.83% of phosphorus in

sediment) resulting in the higher reduction of nitrogen and phosphorus in sediment than the pond
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that pelleted feed was used. This indicates that the plantation of gutweed is one of the alternative

ways to rehabilitate the ecosystem of shrimp pond to be suitable for black tiger shrimp culture.
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4 3.) udni llwnhguvgige 950 °c TagldinTeen121519 TuTasau (CHN  analyzer

Ay 1 Y o ;’f a S J
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:} a 4 [ Yo 1 2’ A (B

uyanane + Tulaswuazaeiisiy Annzrieanesasiulaelddedrnin limumsnses
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) a 4 [ 31 Y o w 1 A 9

1A% (Hansen and Koroleff, 1999) Ains1etinoaosaazareriisiuuaidiedsndesuda’ly

a 7 a [ a =4 g’ Y ad .

Ansiznilsuaearesaoiunidaza191i1A1875 Phospho-molybdate  (Strickland ~ and

Y] 1 a 4 oy o [l
Parsons, 1972) Ianinae lsilaa o (Chlorophyll a) Taen5n39911@29819878 Membrane filter
. Y o (] [V a 4 9 a

(Satorious) 11a211n52AENs0e IJusanaenas 157laa 1o eenuIAlea1TAz 180T Iat 90%

I ) @ o a a 4

Wunanszna 1 au il iamsgandunas uazdnadSinasnududuvesnas 1sdlad

10 ANITVUDY Strickland 4@y  Parsons  (1972) Audau)5unasluTasiau (phytoplanktonic

a o { 1 4
nitrogen) 118z USurmwoawesa (phytoplanktonic phosphorus) fioglunwasnaouiy Tagld

qng

Particulate nitrogen(Y)= Phytoplantonic Nitrogen (b x X) + Nonphytoplantonic Nitrogen(a)

%50 Y = 0.0054 x Chlorophyll a +0.2285 (© =0.61) (Wieysf3, Yeyafi luiuiwouns)

Y
v o

A41 Y Phytoplantonic Nitrogen = 0.0054 x Chlorophyll a
e

Particulate phosphorus(Y) = Phytoplantonic phosphorus(B x X) + Nonphytoplantonic
phosphorus(a)

A 2 < S 9 ~ 1A 4 1
139 Y =0.0007 x Chlorophyll a+0.0373 (r" =0.84) (L‘Wﬂul?ﬁ, "lJ'E]ﬂ;ljaT]llllWNWLWEJLL‘Wﬁ)

Y
v o

A41 U Phytoplantonic phosphorus = 0.0007 x Chlorophyll a

<3 @ 1 a ] A 4 Qy
memmmummuiuuamﬂam U nau’u‘uéfmmztﬁ@ﬁutjﬂmswﬂam

o a o . . Y A a J
1 13ns1297 TuTas19U59W (Total nitrogen: TN, Organic carbon: OC) A281AT09UATIZHEIA
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o A A J a Al A a IS A ~
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' 9 = AA a 3‘ 1 1 1 Yy 1 I
N0INIUNTZAIBNITBY GF/C nazlFviaii TeAananinseua luliamse 14 Iniluvie
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(TDP) ud2vaihei laundnnusasimsaaduasernng lu1d dail

gasimsgamatsznon Tulasiy (TDN, TDPIuvInua1m318-TDN, TDP luvianiunu) x 300

wagWeaWosavosdivisie =
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e
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5. managalulasurazvlearlea
Y EJ v
MsANEINTIH 1Y static  model Aurmaa lulaswuuazeaosanduaz
Y
1 1 ] o . 4 1
20NINKUILLERY 5 W18 Ap 111 (Water) 19 (Shrimp) HWAINABUNY (Phytoplankton) A1H3 10
1410 (Gutweed) Haz@utay (Sediment)  aapamsanyunolszdulSamaziduniues
(% 1 d‘l 1 1 1 o Y a [} d’ 9
msszneudinanfidiumiiegesa 9 Tagimualidsua lulasnuuazdoaresand
d‘ Q' 9 z:y 1 1 1 d‘ Qy dy S LY} L:' )
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o Demirfication Phytoplankton Gutweed
P (22) input (1) mput (5)
Water Water
input (9) cutput (11)
-
, Gutwead i
W o Water Assimilation (6) ; .
ater
addition(10) Shrimp excretion + | Gutweed S:;’t“ :?_i}
Sediment net flux + tput ]
Sediment raking (12)| Phytoplankton Gutweed
assimlation (3) sink (8)
v 3 Phytoplankton
Shrimp Shrimp excretion (16) output (2}
input (13) * Phytoplankton o
* Shrimp
» >
Feed Fhytoplankton Shrimp
input (14) Natural Sediment Sedi ‘ sink (4} output (15)
roductivity net flux (19 dimer
F e (19) raking (18)
Sediment Sediment
input (20) Sediment output (21}
(23)Net accumulation Unit : g/pond

U

v 4 Y
s 61 qalulasnuvazearesaluliodesdinaidr nitedesluszuune 1 (Water) A
14 1 1 a
(Shrimp) UWAINAOUNY (Phytoplankton) a1%1318'14'1A (Gutweed) HazAutaY
. <3 I Y 1 A a dgl a
(Sediment) tavlurwtdmdunvdunuuaaznszurumsnnadulussuuting

I~ { a ¥ { 1 qgj
duilse 22) unszurumsninavwamemalasunasvesluTasnumniv
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1 T 4
5.1 NUI0E08LNAINADUN Y (phytoplankton) ﬁiJﬂﬁ{i]a‘UENﬁ’ﬁﬂizﬂE]‘U

Tulaswuuazdoalesa iihdwiedoounassaouies fo (1) + (3) =) + @) Tag

N,P phytoplankton input (1)

N,P phytoplankton output (2)

N,P phytoplankton assimilation (3)

N,P phytoplankton sink (4)

Y v ] 1
Usuaninladh e udumsnaas x AW
Wuduwmasved Tulasnusiy (TN) wazWeavlese

4 A
593 (TP) luuwasnnounes
a g’ d‘ A 1 1 d‘ Qy
Ysnanimmaesd luveiieduganisnaaed x A
Wudwnasved Tulasnusiy (TN) wazWeoalese
4 A
593 (TP) Juunasnaouny
9y 9 J
aNnuTuTuea luTasnuazaienil (TDN) uag

[ 3’ ~ = 4
Weawlesaazareni1 (TDP) Ngnaadu Tagunainnou
A 1 I @ [

Wy vz Uiumnat 134 x 52e2a1maaed (A1)
(N,P phytoplankton input + N,P phytoplankton

assimilation) - N,P phytoplankton output

] 1 1 9 1 o 1] tﬂ'd 1l
5.2 ﬁuﬁﬂﬂ@ﬂﬁWﬁﬁWﬂqﬁUlﬂ (Gutweed) AMUIVRWIZUD T3 T]iJﬂﬁﬂgﬂﬁﬂ’ii']fJ

1 4
181 aumsaaasidsznoululasnuuazoanosandhguiedosil Ao (5) + (6) = (7) + (8)

Tag

N,P gutweed input (5)

N,P gutweed assimilation (6)

N,P gutweed output (7)

N,P gutweed sink (8)

J W "oA P
winamefilgnas liilosudumsnaass x anw
Wutumasuee luIasausi (TN) wazdeaasasiy
(TP)
031 [} 1 Y 1 ] 1
hminemse1d lnlutonaans o a1ty x A
Y
wuduvedlulaswuazareir (TDN) uazvoavosa
g’ d' = 1 9! 1 Y]

azaeii1 (TDP) Ngngadu Tasa e 1d1n 1 5y vae
] I~ Y]
Pulunal 13U x 5282 1NNad

Y ) Y 1
minamsedoduganiinaned x ANuduTumae
94 M Tasusiy (TN) uazWeawesasiu (TP)

(N,P gutweed input + N,P gutweed assimilation) — N,P

gutweed output
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Y
5.3 Wiiegee1i (water) aumisgadislsznonlulasnuuazoalesa g

U

wivdest fe 9)+(10)+(12)=3) + (6) + (11) Taw

Y v ] 0 ]
N,P water input (9) = JFnanihnlditn ldesudunmnaass x aAnuduTRae
w04 TuTasausiu (TN) uazwoanesasiu (TP)
Y v
N,P water addition (10) = YSvanhn@uin il luszrniemsnaass x anuduTy

Mmagyed 1 Iasausin (TN) uazvoavesasiy (TP)

N,P (shrimp excretion + N,P (Gutweed assimilation + phytoplankton assimilation +
sediment net flux+ water output) — N,P (water input + water addition)
sediment raking) (12)

N,P phytoplankton = M) ildnnmihedesunasiaeuiis

assimilation (3)

J Ay Y ] ' J =
A1 (6) w”lﬂmﬂwmaaaﬂuwmﬂﬁauwsv

N,P gutweed assimilation
(6)

A s A2 Y v
N,P water output (11) ﬂiil']ﬂ!u’lcnH’ia@@giuu@luﬂﬁuq@ﬂ1iﬂﬂa@q X ANUVNUU

masvod TuInsmusin (TN) vazveanesasau (TP)

5.4 iegpena (Shrimp) aumsqaasdsznou lulasnuuazoaesa g

QU

wivdesii Ao (13) + (14) + (17) = (15) + (16) Tag

Y v ' v
N,P shrimp input (13) = hmindsfdaseadliiiesudumsnaass x Aty
magved luIasnusiy (TN) wazweanesasiy (TP)
Y v
N,P feed input (14) = hminenshldiiuaaeaminaaes x anududy

magyea luTasmusiy (TN) wazwoaosasiu (TP)

N,P natural productivity (17) N,P (shrimp output + shrimp excretion) — N,P (shrimp input +
feed input )

Y 4 1 Y [
rinuiaualis duganIsnaaey x ANy umae

N,P shrimp output (15)

94 TuTasausay (TN) uazoawosasiu (TP)



N,P shrimp excretion (16) =

99

(N,P shrimp output x % N,P excretion) / (100-% N,P
excretion) 1agldaimsvuaelulasnuminy 75%.
(Burford and Lorenzen, 2004) ttazmsvuaewoaosa

91101 2% (Ambasankar et al., 2006 )

] 1 a . { Y 1 1
5.5 vivggesAaN (Sediment) aumsgadisisznonlulasnuindigmioe

d00il A (4) +(8) + (20) = (17) + (18) + (19) + (21) +(22) nazaumsqaassznourloanesa

L%ﬁijwﬂaﬂdaﬂ‘fﬁa (4) + (8) +(20) = (17) + (18) + (19) + (21)

N,P sediment raking (18)

N,P sediment net flux (19)

N,P sediment input (20)

N,P sediment output (21)

Denitrification (22)

Net N,P accumulation (23)

audutuvesluTasauazatein (TDN) uazoawlosa
azmm‘% (TDP) ﬁlﬁluﬁuwé’amﬂmimmﬁumu

N,P (shrimp excretion + sediment net flux+ sediment raking)
(12) — N,P (shrimp excretion + sediment raking)
Usmaauiladh liiles udunsnaass x anusudumas
w93 TuTasusiu (TN) wazeanosasiu (TP)
ﬂ?mmmuﬁmﬁaagﬂuﬂmﬁat‘?yufmmimam X AU
mavves lulnsousiy (TN) wazWoanesasau (TP)

N (sediment input + phytoplankton sink + gutweed sink) - N
(sediment raking + sediment net flux + natural productivity +
sediment output )

Vs luTasnunazeaesaludusudy — St

] Y
Tulasnunazeanesaluduiloduganisnaass
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Wani1Ineas

qalulasiou

Y I o 4 1 ] g 1 <
pams@eadudunar s ddard wua ludeiidesdalae lilde e
o < A Y 1 dy :’ A A A A 9 oy A A [ J
dusagd (1) Tulasnuiingue@eunanmii@uiesuauraziingyluszriemsi@es
9 ] v
521919 A9 unassae Uy uazAumuiosudu Taelianiiy 0.062, 0352, 0.036, 0.007 LAy
9 Y
[ 1 ] o 1 1 o o J a
4290 n5usoe awdwy diuluTasnuesnvinie@esdiuiuain 1 uwasnaouiy 49 au
an ) 4 < Qy 1 1T o
AU HAzNNTZUIUMSA luasliaduiodiadunisnaaes Taeliauminy 0.528,  0.106,
[y 1 1 o o 4 a 1] 1 o 1
0.959, 3.070 Haz 0.084 NFuADLD MNANY TABIENIITAUNHUIBIOIUNAINADUNT WU
9
UsmnamsgaduluTasnuomir g 3,693 nsuaetie uaziisnalulasinuan
4 { 1A " @ [ 1 ] 1 1 [ a
uwasnaeuNsNAngAUAL 19107 3.594 nFuaeleo wazwnuegesdlasyluTasmurnnau
taulugdvoINaNaATITUBIA (natural productivity) (A1 3.800 NTUADUD LAZUMITUNY
[ 2’ [ D% [ [ 1 ti' d’ [ a 1
Tulasnueengiit miny 2.877 nsudete lTasiiwesrunuliinanmsdanlasslulasiou
gninnautazmsiasslulasnuainmsnsiadu ANy 0.449 1820.481 NSuUADLD
o w o YA Y 1 ] 1 2’ T v [ 1 ] £ dyd
awdray M1l TuTaswudgriaedesni i 3.807 nsudete daluszuuiinmsazdn

TuTasnuludugns miifu -1.220 niudeie (317 6-2)

(22) 0.084 (1) 0.007
(9) 0.062 (110,528
L -
> Water
(10) 0.352
(123807 1
(3)3.693
A
(16 2.877 )0.106
(13) 0.036 Phytoplankton *
Shrimp
*
N ) 3504 (15) 0.959
(17) 3.800 (199 0.449 (18) 0.481
(20) 4.200 Sediment o1 307

. Unit : gN/pond
(23)Net accumulation = -1.220

v E4 v Y
51 62 galulasnuludedosdenadiiioslag lildemsdiadusegy (1)
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] d’d” Y g’ d‘
”luuamamqﬂwﬂim1mimﬂﬁmmﬂ (Tz)"luimmumﬁuammmﬂum
1 v Y
i udunasiiduluseninemsides s A9 unasdneuie uaz Auauiiosuduy
A 9 i

mhnulSunannglen i sjﬂﬂallu“lwmmimmumﬂ (11) wazddSualulasmudigiio
Y

£

a 1 =

< ) @
nnemsffadiSagUilifeiuniifu 2120 nsudeve dau'lulasoufieeniiniedss
o 3’ Jd = Yy a a an o A 3 A
AUINDINT LWAINADUNY )3 ALY naznnnszuIumsa luaslinduiieiaioduns
NAand IAglAUNINY 0.623, 0.099, 1.694, 4.439 waz 0.012 ATUABLD MUS1AY laalile
a 1 [l J = 1A A =< :} 9 1w
wasaniiggesunasnaouiy wu Husuamsgady luTaswuvimirl) g 5.166
o J 1 s { 1a 1w [ 1 ] ] 1
niuaeve taz lulasnuanunasiaeuiangauaumiiny 5.074 nsudete luniiiedesna
1a5uTuTasnuninauauluglvowandansssuana iy 4.620 nSuABLIL 1AZIINGIHIT
Y E4 Y
AU 2,120 5INTIAUNINY 6.740 nSuasiie TagilddelinistuaieluTasmuesngiin
1 v % ' 1 d’ Lﬁl v a 1 a d! =
D 5,082 nSusete Tasiileswnulsuamsdanildeslulasmuainmsasiaquaall
a L% [ 1 ) o YA 9 1 1 1 2’ =} QJ 1 1 =
Ysuaminy 0.480 nsuaetie 114l TuTaswudhguinedeniniies 5375 nSudele uall
w L) = qaj L% w 1 ] d! dyo YA
luTasnugnaandugawauluidnasuniny 0.186 nfuaeie Fluszuniii 1l lulasau

U

a a [ % o 1 ] 1 a { ] o <
azauluduaugns M 0.149 nFuaede uanannszuuinai li1dvemsduiagl

(317 6-3)
v (22)0.012 (13 0.007
(9) 0.062 (11) 0.523
= L]
.- Water
(10)0.352
(125375 ]
(3)5.166
L K i
(16) 5.082 (2)0.099
(13) 0.036 * Phytoplankton -
" Shrimp
L -
(14) 2.120 - - @ 5.074 (15) 1.694
(17) 4.620 (19)0.186 (18) 0.479
200 4.290 . .
(20 > Sediment 1) 4439

Unit : gN/pond
(23)Net accumulation = 0.149

v v Y
311 6-3 mﬂuimmuiummEmmﬂmﬁmﬁmTﬂﬂ”lﬁ’mwmﬁﬂﬁn?%gﬂ (T2)
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o [ 1 g Y 1 9 o < 1 [ 9 1
dwmivludendesdelaslildeormsduiagiuatgnaivsieldln (T3)
(B dy g' A a 4 A g’ A A 1 dy qu 4
Tulaswudngue@esnmi@uiosudurazihi@uluszninems@es 599 49 unaen
A a A 9 [ a d' 9 BN S A
Aoy uazAumuwsuduInUlSandigde T1 wag T2 wazlivSa luTasounn
[ gy 1 A A g [ ] 1 1 1 1 dy o Y
av9e1& 0T udy iy 0.091 asusele a1uluTasmussnanio@eadiuialann

Y
4

o A Y a [ Yy 1 ~ any ) A < Qy
1 uwasnaeuiy N9 Away @11se d lnuazannszuiumsa luasiinsuiomsadums
NAavd laglianin 0.300, 0.105, 1.403, 2.502 0.527 uaz 0.001 NTUABLIB AMNUAIAL TasLie
a 1 1 o A =) = 3.' 9y
nsaMegesuNanaeune wua HUsmumsgadululasmuvini il e 2.031
niuaove uazllsualulasnuangaumumiin 1.993 nfudele daumsgady lulasau
3) 1 1 U 9) 1 1A A = [ 1 ) A 1A
nmiwesrilggesamse 1d 1n wunlilsungads 4.922 nsuaetie uaziivsina lulasou
12 1w o 1 1 1 4
ANFAUAUINING 4.486 NSUADLD gana1Msaaduved luTasaulasunasnaouimioy 2
1 S msuniaegesne 185 luTasnunnnandnsssuma miny 5.576 nsuaele uaziinig
% 1 1 09’ 1 % 3 1 1 tﬂ' d’ o a 1
Jumelulasiueengii wmiiny 4209  niuaede Tasfilesuduilsuiamsianiaos
TuTasnugninnauvas lulasnunnmsnsadudaiaumny 2.151 1az0.479 nSuAoLo
v £4
amdwy il luTasmudguiaedeni iy 6.839 nSuasiie luszuuiilimsazan

TuTasnuludumumiii -1.790 nfuasiie (317 6-4)

s (22)0.001 (1) 0.007 (5) 0.091

(9) 0.062 (11 0.300

= -

s . Water () 4.922 N 2 -

(100352 TETEERI Gutweed (T)0.527
(3) 2.031

(8) 4.486

y¥v -

(16) 4.209 2)0.105

(13) 0.036 > Phytoplankton *

"  Shrimp

-

* @) 1.933 (15) 1.403
(17) 5.576 (19)2.151 (18) 0.479

0220 | Sediment | (1) 2.502

. Unit : gN/pond
(23)Net accumulation =-1.79

51 6-4 galulasauhuis@sadsnadi@eslasli WennadiadiS vy s lgnams wld In (r3)

UG
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qavlearlesa

1 1 Y $ 1 < o @ {
HamsnaaeInyN vomeenad lildemsdadusegd (T1) Tvearesandn
1 dy gl A a A A Y oy A a 1 dy 3 F2 14 A
due@eannn  hnmuwasndurazihnenuszrI19an 3089 30909 LHaINADUNY
wazduauUasudY Tasliauniny 0.018, 0.005, 0.003, 0.001 Lag 0.865 NSTUABUD ANEIAL
1 [ ] dy ) g} 4 = Y a A <3 tg‘
druleanosdoonINUBIAEIAIUINIIN 1T UNAINABUNY )3 HazAMDMUBITTIAUNIS
NAaea 1aslAuNINy 0.047, 0.014, 0.076 LAz 0.755 ATUADLBD MNS19Y Tagiiana1Tan
1 [ 4 A 1T A A =< [ g} 9 Y [ 1
wiedosuwasnaeune wun Tusuumsgadurearesavimir s mdv 0233 nfude
] a Y] 4 { a Y 1] [ ] ]
o tazlitSmaearesannunasnaouisiangaumau M1y 0.220 nSudolo HazHie

U Y

goona Idsurleaesaanduanlugivesnanansssuena miny 0.075 nSuaeiie uaziinig
3 1 U | 3’ \ 3 % 1 ) d' d‘ o a 1
JuareWearesaeangiin M1y 0.002  nudele Tagilesiunulsuumsiaailldes
Woarosagnioinauuazmsdassreanosaainmsasiaau &aliauniny 0.245 1az0.010
2 ' o_ v o Yy o Y ! U g} vw o & dyd
nsusptiamuaay M lvuneaesadguiiedostit iy 0.257 nsusetie B luszunil

myazauvlearesa TuAugns minu -0.110 nSuapiie (314 6-5)

(1) 0.001
(9) 0.018 (11) 0.047
- -
> Water
(10) 0.003
(120257 1
(3)0233
v W
. (16) 0.002 (2y0.014
Shrimp
-
* 4)0.220 (15) 0.076
(17) 0.075 (19) 0245 (18) 0.010
(200 0.8a5 - Sediment . (21) 0.755

. Unit : gP/pond
(23)Net accumulation = -0.110

v Y v Y
510 65 qanearleialutedosdenardiiideslas liliensdiaduiaga (T1)
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' 1 Y < o - o Y v
Tuenideanelasliennsdaduiagy (12) Wearesminguodesniniin

U

Y
o

a i A A a ' dy Qa: J a a [
mmﬁmiuéfmmzummﬂuazmnmimEN JIUM fgjx‘l L!Wﬁiﬂﬁ@uﬁ%’ uamumuwméfnmmu

a { 1 { & ' S o < o a o I
Usmaidngueiiaeslaelildensiiaduiagl (T swnsdidSuareanesmdgie

a 1

< ] Aq ¥y @ @ 1 ] 1 [ ' dy
i]'lﬂf]'l’l"iWf.il,llﬂﬁ'll,iﬂ:.i,ﬂ‘l/]clﬁﬂﬂﬂu NNy 0.232 NIUABDUD ﬁﬂuﬂﬂﬁﬂﬂiﬁ@@ﬂﬂ'lﬂﬂ@mﬂﬂ

Q

v
4 A Y a

AUIIN TUWAINADUNY N3 nazAuauilaiaiadumsnaans Taslauify 0.195, 0013,
0.134 gz 0.782 niudeve mwd ey Taailefinrsanuhsdosunasiaeudis nud Hu5ua
ﬂTi@,ﬂG?aJWaﬁW'eﬁamﬂﬁyﬂﬂsl%' Wiy 0.296 nSuseiie wazleaesaanunassaeuiinng
AUE@UIMIND 0.284 NTNADLID 1uwLhﬂfiaaﬁfaﬁmﬁudwwaﬁm%ﬁaamjﬁy1 M1 0.003 N3U

aptie Tasilosaunuliunamsdanlassvearesagninnauuazedresasinnisniea

Y
1 ] 1 o

a &2 A (a Y [ 1 o Yy @ 9 1w
AUAFINYTUIBUMINY 0.454 1Az 0.011 NTUNDUD ﬂﬂﬁﬂJW'ﬂﬁ'W@iﬁﬁﬂﬁﬁu’m&@EI'LH ININY

£

0.468 nFudpLie uaziineanosanszuudesdeandsuaz azaunauAUFAUAWMING 0.098

QU

[y [ 1 d! dyo YA [ a a [ =Y [ 1 ] d‘
NIUADUD maiuawuumﬂmﬂaﬁﬂaﬁﬁﬁzﬁﬂuﬂmauqm M1NY -0.083 NTUNDUD (E‘IJVI 6-

6)
(1) 0.001
(9 0.018 (113 0.195
* L
. Water
(10) 0.005
(12) 0.468 ]
(3)0.296
¥ N -~
(16) 0.003 (20013
(13) 0.003 * Phytoplankton -
*  Shrimp
> -
(1430232 e @084 (15)0.134
(17)0.098 (19) 0.454 (1810.011
(20) 0.865 Sediment  [* (21) 0.782

Unit : gP/pond
(23)Net accumulation = -0.083

v 9

Y y oA ° ] o g
sU 6-6 qarlearlesaluto@esinardingeslagldennsdaduiagy (T2)
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9 H E4 Y 1
dmsuludoneadenlgnamsieldln (13) Wearesmirguodesainii
a A A 9 Y A A 1 dy ;’f 9 o A a A 9 [
o uANtaz A TuI 21 I1IMIAE IV LWAINADUNY LATAUAUITUAUININD
Psnaidigie T1 waz T2 wazlidsmaluTaswunnamseld lndeisudu midy 0.013
Y Y
o 1 1 1 [ 1 o o J a [
niuaete drurearesaoanainte@osiiuinnn 1 unasiaeuiy N9 AuEULAL AU
1 3 4 a3 Qy 1 1" v @ 1
& lnisuaiiodiaqumsnaass Iaelinuninu 0.071, 0.014, 0.111, 0.632 uag 0.077 NSuso
1 o w A a ] ] 4 A 1 A A =< [

1o muday TaalioWarsavilgdosunainaouiy wui Jusmamsgasurearesan
oy 9) 1 @ [ 1 1 A A [ 1a 1w [y 1 1
W% i 0135 nsudede waziidsmadearesaangauaumiiny 0.123 nsuaeiie
WilegesN lasuneanoSavINHANAATITUIIA 1A 0.110 NTuABLD LaziinsTun1e

Y 1 ]
Woaresaeangii iy 0.002 nindeve Tasilesunulsmamsianldosleaose
gninnautazdoaosdannsnsnauFalin1nIny 0.768 1820.010 NSuABLD AWEIAD
o YA Y 1 L] oy -2 [ 1 ] dyd o
WAL lu Tasnudigmiiedesi miny 0.780 nfusete luszuuiiimsazauoaneialu

AuE@UIMIND -0.233 nuAB0 (3N 6-7)

(1) 0.001 (5) 0.013
(9) 0,018 (113 0.071
] -

(10) 0.005 " et @03 ) r ’
: 07507 Gurweed (T0.077

(3)0.135 ]
(%) 0,533
vy ¥
. (16 0.002 (2)0.014
(13) 0.003 - Phytoplankton .
Shrimp
-
* @) 0122} (130111
(17 0.110 (19) 0.768 (1) 0.010

(20) 0.865 Sediment N (21) 0.632

Unit : gP/pond
(23)Net accumulation = -0.233 - erbon

{ o ] 4 o A J 1 < o & ' 1 1
511 6-7 qavleaesalutioostinadmiaeslae i lemiadiad 15 ag usilgnams wld 1n (13)
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14

PmnamsnyudsumsarmslulasurazeaeSaainfugia

1 1 a

TuTasunazWoadosanyuouInAugAIAIHIUNIINARAATITUBIA
wniigalugamsnaaes T3 Taelidsuia miny 5576 waz 0.110 nSu@els WioMN
129.98 uaz 12.72% etieunu lulasnuvazearesaluau fildldlulaswunas
Woaosalugivosnananna 11y 1.403 uaz 0.111 nSusolo NI0ININD 32.70 1A 12.83%
you luTasunazdoaresaludu vnziluganmsnaaos T1 5w lulasiauuas
WoaosaNvyuAeURIUNIINANAATTTUHIA (B9 3.800 LA 0.0.075 NTUADLD 130 NN
88.58 118z 8.67% erfisuny luTasmuuazoanesaluau #9ld lulasoulugilvosnanaa
A9 0.959 18z 0.076 nSuABLE  WIBININY 22.35 1Az 8.79% vod luTasaunay
Woaosaluau dmsuluganmsnaass 12 msnyudou lulasauegluglusswanin

a [ Y [ 1 1 A a dyy Yo
FITUHIA NNV 4.620 NTUADUD 150 107.69% vod lulasauluan Taeluszuuiinelasy
TuTasouninemiislullsum 2.120 nfudete 130 49.42% vod lulasnuluau fildla

a Y [ Y [ 1 ] A a
Tulasanlugilvesnandnn Wy 1.694 nFudvle 130 39.49% o4 luTasouluan
' <] 1 : ] a o
pg19 lsnamlutie T2 FalimsIiennsduSeginmsazauvedlulasnugnindud
Y k4 v
AuNUoBNATIMIND 0.149 NTUADLB 30 1N 3.47% o3 TuTasouludu vazhlule
T1 waz T3 imsdantldeslulaswugnieonvindumauduleniiny 1.220 waz1.790 nSuso
v A 1w a dyo./ = d' ]
10 N3N 28.44 Haz 41.68% vodlulasiauluau uenviniidd lulasnuiieonvinie
E4 v
@eaTAsAIUNTZUIUMTA AT HIAYFY 19191 0.084, 0.012 1A 0.001 NTUABLD HIBININL
1.96, 0.28 11 0.02% ¥ad lu Tasnuluauluie T1, T2 way T3 mud1ey dmsvansiszneu

U 1A ! a dy 1 dy 1 v o 1
Woawesanununmsanilaeseaninduauiuiie@eunmiiy 0.110, 0.083 1ag 0.233 NFudD
19 UIMINY 12.72, 9.60 taz 26.94% vyeaveavesaluauluiio T1, T2 waz T3 awdédu
(M3°199 6-1 waz 6-2) uazdwisvilsmamanyuiou luTasnunazoaresalumiiedos

1 1 Y P4 =
AN 9 Glutlf”la%ﬂrfﬂﬂTﬁ‘VIﬂﬁf’NIlﬂ!!ﬁﬂﬂj')iﬂ@l’]ﬁ”l\iﬂ”lﬂﬂﬂjﬂﬂ 1-6
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d' a = 1 ] dy 2 A Y
713197 6-1 ﬂimmm'i‘n34unﬂu'luTﬁmuﬁluﬂixmumﬁmm Glu‘]Jf)LﬁfoNVliJﬂﬁi‘ﬁﬂTﬂﬁ

1 @ dy [ L4
UANAINNNU 3 gﬂuuﬂuizﬂznmmm 5 duan

[

nyzuIumsnlasunalag

YsmamsnyuiouluTasu

GRLT T1 T2 T3
gN/pond %N gN/pond %N gN/pond %N
1) phytoplankton input 0.007 0.16 0.007 0.16 0.007 0.16
(2)  phytoplankton output 0.106 247 0.099 231 0.105 245
3) phytoplankton assimilation 3.693 86.08 5.166 120.42 2.031 47.34
(@) phytoplankton sink 3.594 83.78 5.074 118.28 1.933 45.06
(5) gutweed input - - - - 0.091 2.12
(6) gutweed assimilation - - - - 4.922 114.73
) gutweed output - - - - 0.527 12.28
(8) gutweed sink - - - - 4.486 104.57
9) water input 0.062 1.45 0.062 1.45 0.062 1.45
(10) water addition 0.352 8.21 0.352 8.21 0.352 8.21
an water output 0.528 12.31 0.623 14.52 0.300 6.99
(12) excretiont+flux+raking 3.807 88.74 5.375 125.29 6.839 159.42
(13)  shrimp input 0.036 0.84 0.036 0.84 0.036 0.84
(14) feed input - - 2.120 49.42 - -
15) shrimp output 0.959 22.35 1.694 39.49 1.403 32.70
(16) shrimp excretion 2.877 67.06 5.082 118.46 4.209 98.11
17) natural productivity 3.800 88.58 4.620 107.69 5.576 129.98
(18) sediment raking 0.481 11.21 0.479 11.17 0.479 11.17
(19)  sediment net flux 0.449 10.47 -0.186 -4.34 2.151 50.14
(20)  sediment input 4.290 100.00 4.290 100.00 4.290 100.00
(21)  sediment output 3.070 71.56 4.439 103.47 2.502 58.32
22) denitrification 0.084 1.96 0.012 0.28 0.001 0.02
(23) net accumulation -1.220 -28.44 0.149 3.47 -1.788 -41.68

(11 = hilownsdadiSagy, T2 = Wennaiad 5 931, T3 = hilkenisdiad 15 agludilgnamse1d1n)

I a ' v |a a A
%N (Wuaf5 1l Tnsau (@N/pond) veuwaznszuumsieuduys e lu Taswuluausudu 20)
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v 9 v
M99 62 YSunamsnyudeureanesalunszuiumsaisg ludedesdaniins1¥ermns

1 @ dy [ L4
UANAINNNU 3 gﬂlmuﬁluizﬂznmmm 5 duan

Ysunamsnyuieureaoss
#1910  nszuarumslasuuilas Ti ™ T3

gP/pond %P gP/pond %P gP/pond %P

1) phytoplankton input 0.001 0.12 0.001 0.12 0.001 0.12
(2)  phytoplankton output 0.014 1.62 0.013 1.50 0.014 1.62
3) phytoplankton assimilation 0.233 26.94 0.296 34.22 0.135 15.61
(@) phytoplankton sink 0.220 2543 0.284 32.83 0.122 14.10
(5) gutweed input - - - - 0.013 1.50
(6) gutweed assimilation - - - - 0.597 69.02
) gutweed output - - - - 0.077 8.90
®) gutweed sink - - - - 0.533 61.62
9) water input 0.018 2.08 0.018 2.08 0.018 2.08
(10)  water addition 0.005 0.58 0.005 0.58 0.005 0.58
an water output 0.047 543 0.195 22.54 0.071 8.21
(12) excretion+flux+raking 0.257 29.71 0.468 54.10 0.780 90.17
(13)  shrimp input 0.003 0.35 0.003 0.35 0.003 0.35
(14) feed input - - 0.232 26.82 - -
15) shrimp output 0.076 8.79 0.134 15.49 0.111 12.83
(16)  shrimp excretion 0.002 0.23 0.003 0.35 0.002 0.23
(17)  natural productivity 0.075 8.67 -0.098 -11.33 0.110 12.72
(18) sediment raking 0.010 1.16 0.011 1.27 0.010 1.16
(19) sediment net flux 0.245 28.32 0.454 52.49 0.768 88.79
(20)  sediment input 0.865 100.00 0.865 100.00 0.865 100.00
(21)  sediment output 0.755 87.28 0.782 90.40 0.632 73.06
(23) net accumulation -0.110 -12.72 -0.083 -9.60 -0.233 -26.94

(11 = hilfemnadiaduFazi, T2 = WennadiaduSazi, T3 = hilfennadiad 5 egilusilgnamseld]n,

2%p Hulsnamleanesa (eP/pond) voumaznszumsmeniulsnamloaresaludusudu 0)



109

a d
JV1IUNANTIINAADN

1 1 Yy 1 a ] dy 9 o Y
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A (a 1w [ v oA q ¥ <3 o =
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uni 3) d13e1is lulasounasoaresagnaaduli1dTasewso1d Ingade 4.922 uag
[ v 1 ~ = 9 4 = = [ 1 ] qul dy
0.597 nfuaniio vmzigngadu 114 Taounasdnounmiies 2.031 uaz 0.135 nudole Nl
d' 1 9 1 . 1 R 9 A 3 [
10911910 8113519 14 10l biomass  ¥INNINIIAWITAYAITOINIT IANINNTT BANITINT 10
9 1w = ) A o J o = a
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o a A { 19 ¢ o
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0 < Y o
pmsdusesy (1) luszeznandes s dlad

WD

Input output
NITUIUNST (gN/pond) NILUIUNT (gN/pond)

phytoplankton (1) phytoplankton input 0.007 (2) phytoplankton output 0.106
(3) phytoplankton assimilation 3.693 (4) phytoplankton sink 3.594
net 3.700 net 3.700

Gutweed (5) gutweed input - (7) gutweed output -

(6) gutweed assimilation - (8) gutweed sink -

net - net -
Water (9) water input 0.062 (11) water output 0.528
(10) water addition 0.352 (3) phytoplankton assimilation 3.693

(12) excretion+flux+raking 3.807 (6) gutweed assimilation -
net 4.221 net 4.221
Shrimp (13) shrimp input 0.036 (15) shrimp output 0.959
(14) feed input - (16) shrimp excretion 2.877

(17) natural productivity 3.800

net 3.836 net 3.836
Sediment (20) sediment input 4.290 (17) natural productivity 3.800
(4) phytoplankton sink 3.594 (18) sediment raking 0.481
(8) gutweed sink - (19) sediment net flux 0.449
(21) sediment output 3.070
(22) denitrification 0.084
net 7.884 net 7.884
(23) net accumulation -1.220
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Y

nI8E0eY Input output
NITUIUNST (gN/pond) NILUIUNT (gN/pond)
phytoplankton (1) phytoplankton input 0.007 (2) phytoplankton output 0.099
(3) phytoplankton assimilation 5.166 (4) phytoplankton sink 5.074
net 5.173 net 5.173
Gutweed (5) gutweed input - (7) gutweed output -
(6) gutweed assimilation - (8) gutweed sink -
net - net -
Water (9) water input 0.062 (11) water output 0.623
(10) water addition 0.352 (3) phytoplankton assimilation 5.166
(12) excretion+flux+raking 5.375 (6) gutweed assimilation -
net 5.789 net 5.789
Shrimp (13) shrimp input 0.036 (15) shrimp output 1.694
(14) feed input 2.120 (16) shrimp excretion 5.082
(17) natural productivity 4.620
net 6.776 net 6.776
Sediment (20) sediment input 4.290 (17) natural productivity 4.620
(4) phytoplankton sink 5.074 (18) sediment raking 0.479
(8) gutweed sink -
(19) sediment net flux 0.186 (21) sediment output 4.439
(22) denitrification 0.012
net 9.550 net 9.550
(23) net accumulation 0.149
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b4
prnsdsaguslgnanuiio1&1a (13) Tuszeznandes s dland

N80y Input output
NILUIUNT (gN/pond) NILUIUNT (gN/pond)

phytoplankton (1) phytoplankton input 0.007 (2) phytoplankton output 0.105
(3) phytoplankton assimilation 2.031 (4) phytoplankton sink 1.933

net 2.038 net 2.038

Gutweed (5) gutweed input 0.091 (7) gutweed output 0.527
(6) gutweed assimilation 4.922 (8) gutweed sink 4.486

net 5.013 net 5.013

Water (9) water input 0.062 (11) water output 0.300
(10) water addition 0.352 (3) phytoplankton assimilation 2.031

(12) excretion+flux+raking 6.839 (6) gutweed assimilation 4.922

net 7.253 net 7.253

Shrimp (13) shrimp input 0.036 (15) shrimp output 1.403
(14) feed input - (16) shrimp excretion 4.209

(17) natural productivity 5.576

net 5.612 net 5.612

Sediment (20) sediment input 4.290 (17) natural productivity 5.576
(4) phytoplankton sink 1.933 (18) sediment raking 0.479

(8) gutweed sink 4.486 (19) sediment net flux 2.151

(21) sediment output 2.502

(22) denitrification 0.001
net 10.709 net 10.709

(23) net accumulation -1.788
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0 < Y @
pmsdusesy (1) luszeznandos s dlad

nI8E0eY Input output
NITUIUNST (gP/pond) NILUIUNT (gP/pond)

phytoplankton (1) phytoplankton input 0.001 (2) phytoplankton output 0.014
(3) phytoplankton assimilation 0.233 (4) phytoplankton sink 0.220
net 0.234 net 0.234

Gutweed (5) gutweed input - (7) gutweed output -

(6) gutweed assimilation - (8) gutweed sink -

net - net -
Water (9) water input 0.018 (11) water output 0.047
(10) water addition 0.005 (3) phytoplankton assimilation 0.233

(12) excretion+flux+raking 0.257 (6) gutweed assimilation -
net 0.280 net 0.280
Shrimp (13) shrimp input 0.003 (15) shrimp output 0.076
(14) feed input - (16) shrimp excretion 0.002

(17) natural productivity 0.075

net 0.078 net 0.078
Sediment (20) sediment input 0.865 (17) natural productivity 0.075
(4) phytoplankton sink 0.220 (18) sediment raking 0.010
(8) gutweed sink - (19) sediment net flux 0.245
(21) sediment output 0.755
net 1.085 net 1.085

(23) net accumulation -0.110




d' a = (% 1 1 1 1 dy 9 dld
MINMANUINN 5 ‘]_]i‘lﬂﬂlfﬂﬁﬁuulﬁﬂuﬂﬂﬁﬂﬂiﬁ1u‘Hu’)ﬂﬂ’ﬂﬂﬁﬁﬂ GlU‘U’E)Lﬁfo‘]\WmﬂWiﬁlﬁ

] Y [ J
pmsduse3ll (12) Tuszeznanaes 5 dilas

135

v

nI8E0eY Input output
NITUIUNST (gP/pond) NILUIUNT (gP/pond)

phytoplankton (1) phytoplankton input 0.001 (2) phytoplankton output 0.013
(3) phytoplankton assimilation 296 (4) phytoplankton sink 0.284
net 0.297 net 0.297

Gutweed (5) gutweed input - (7) gutweed output -

(6) gutweed assimilation - (8) gutweed sink -

net - net -
Water (9) water input 0.018 (11) water output 0.195
(10) water addition 0.005 (3) phytoplankton assimilation 0.296

(12) excretion+flux+raking 0.468 (6) gutweed assimilation -
net 0.491 net 0.491
Shrimp (13) shrimp input 0.003 (15) shrimp output 0.134
(14) feed input 0.232 (16) shrimp excretion 0.003

(17) natural productivity -0.098

net 0.137 net 0.137
Sediment (20) sediment input 0.865 (17) natural productivity -0.098
(4) phytoplankton sink 0.284 (18) sediment raking 0.011
(8) gutweed sink - (19) sediment net flux 0.454
(21) sediment output 0.782
net 1.149 net 1.149
(23) net accumulation -0.083
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9
prnsdusagusgnanuiio1&1a (13) Tuszeznandes s dland

N80y Input output
NILUIUNT (gP/pond) NILUIUNT (gP/pond)
phytoplankton (1) phytoplankton input 0.001 (2) phytoplankton output 0.014
(3) phytoplankton assimilation 0.135 (4) phytoplankton sink 0.122
net 0.136 net 0.136
Gutweed (5) gutweed input 0.013 (7) gutweed output 0.077
(6) gutweed assimilation 0.597 (8) gutweed sink 0.533
net 0.610 net 0.610
Water (9) water input 0.018 (11) water output 0.071
(10) water addition 0.005 (3) phytoplankton assimilation 0.135
(12) excretion+flux+raking 0.780 (6) gutweed assimilation 0.597
net 0.803 net 0.803
Shrimp (13) shrimp input 0.003 (15) shrimp output 0.111
(14) feed input - (16) shrimp excretion 0.002
(17) natural productivity 0.110
net 0.113 net 0.113
Sediment (20) sediment input 0.865 (17) natural productivity 0.110
(4) phytoplankton sink 0.122 (18) sediment raking 0.010
(8) gutweed sink 0.533 (19) sediment net flux 0.768
(21) sediment output 0.632
net 1.520 net 1.520

(23) net accumulation -0.233
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