PDF/69/2540 He.A5. 8198 F30M3

a n >

|
|

.
A
T

T wIdatuaNy el
EhN
2/ 3’ ‘:SJ @ ﬂl' t:;v 1 3/
m'ﬂﬁmmmﬂqumamimmmwswgmaax
msanawmivdsznaing
Application of Effluent from Shrimp Pond for Agarophyte Culture and

Agar Extraction in Thailand

Tay

5§ a e ¢

HE. G5, awd@ IIANS
=N =y [+ &
IieUTEd Aozl IENd HUIINUIREINERIAIRAT

NINGIAN W.6. 2543




&)

ol
ol
Ty

Fo- ™ a 4
TILITWIVLBUUANY D
L5049
v & F VR -~ ' ar
ﬂ’l‘ﬂ‘lj%’lﬂd’a’lﬂ'lrl:’lleﬂﬂﬂ’l‘ilﬂﬂdﬂ'\ﬂ'ﬁ’l&l’g%ua:
ﬂ?iﬁﬁﬂ’?%sl%ﬂ‘itlﬂﬂ‘lﬂﬂ

Application of Effluent from Shrimp Pond for Agarophyte Culture and

Agar Extraction in Thailand

Tag

@ 4

¢ =
HE. A9, 2%9@ 3NN
AAITITIINGIUTENS amziIzig NBIINUIRULINHASAIRAS

NINJIAN N.A. 2543



Ftyapi PDF 69/25:

spwITpaly amyﬁzﬁ

o & v A & \ e
Iﬂﬁx‘iﬂ'l'i ﬂ"l‘a‘l"ﬂ%’lﬂﬂﬁﬂﬂ%’lq\‘jLWEHWSLQBGW%‘SWUE%LLQZ

mﬁaﬁwé'uluﬂszmﬂ‘lﬂm

PRl
q)

NELAT. AW FIANS

MAATITIINE U209 ATz T209 NEIINEIRDINEATAIRAS

ARATINTINIBMTI A3 luune

AAITITIIN pUsead anwedszaud WWAINeN é’ULﬂW‘EﬂWH@‘g

aﬁfmagﬂmUéﬂﬁfmﬂuﬂamuaﬁua@umﬁ%



AaanssuUsTN e

Tﬂiomﬁi’uﬂﬁ%’unuaﬁfuaqumﬁﬁ‘mmﬁﬂﬁﬂmunaoquaﬁum&ums’ﬁu Uszinn
NMWIBNIIR g uen Tasensianfi PDF 69/2540

HISUUBVIUAE AIMERUG  augazwiily adawambhamfitnisagsda ool
WWasY3 Augnd Toied ﬁhmihamﬁLm:Lguaﬁ‘m’mfw-mm"lameq“mazqmmnw SAWRFNG
ﬁwﬁ.wum’zi’uLLa:mﬂaauﬁuﬁé’m’mfwﬁmi’mwmq‘% uam?mmhﬁ'quqﬂm ?in-gm'ugmﬁa
dwisnnuazanaluGessoudl tonases uaswesJiwns uazuesvsuame e193dTR
WS 589998 UM INoNduEITEIUATUNS Incedeanil uaznseusdy Tithes uInny

FOINIUMSIAUAIaL T
20UBLA AMIRAUT  WITUAR AuiaTInTot  AnAWus Qm’ﬂ‘saﬂf :j"s’mi LAz
augiyy sy Avjumidamuidlitismienimseiouts Wualegny Teyauas

- - .- . ° > - & X o = . -
NIRRT mlm’mmumuuﬂs:wm’mmnaamamm

o s ﬂ‘: J’ . ' _-— - a & Wt “ om0
Nﬂ\‘l’\u']'\lﬂﬂ'i\'lu'ﬁﬂQﬂﬂlﬁLlﬂﬂ’]d?fyﬁmﬂﬂdﬂmﬂl.lﬂm@'l 'Tivl'r‘\l'ldﬂﬂ ANUHNRIINY 'n'lmnmu

. - = . - . - e o
TR LUASLAUS 8RR agalﬁLLnTﬂ'sanWﬂWﬂNu



Project Code : PDF4080069
Project Title : m‘ﬂ'ﬁxfﬁﬁomnmrfuﬁan"mé"uam“iflu’g"v.u.a:m‘saﬁﬂj’uluﬂs:mﬁ'lnu
Investigators : BUIF 393 MF waz mMwanmo dauluuud
MATTFTINBIUTINY AMSUIINY YNV TINUNFBLIN WA SANRAT

E-mail Address : flisanc@nontri.Ku.ac.th
Project Period : 3 |

mwi"\m:'u Gracilania fisheri (Xia et Abbott) Abbott, Zhang et Xia War G. tenuistipitata
Chang et Xia var. tenuistipitata Chang et Xia, 16’1’11’111’1Lgmluﬁn”lwﬂBﬁuﬁﬁ‘m‘ﬁ‘laiﬂulfﬁﬁﬁd
irmm'stgmrj'o (Wafl 1) uazimsasssumd (Uoft 2) lapdtmadvautvaeaduidon aoud
WWOUNNTIAN 2541 DAABUNITNIIAL 2542, Tourallansurigasriia dadoeluted 1 3
sarmsiydulauaznaninlaorudniemiowideslued 2, fenmusigidulaus:

- . . " : . J -‘ J’ N - J-Ja-l o d < .
HEWNRAlALTINDBY Gracifaria Tiaosluden 1 tRudulumadsuniisu URTUARTINNIITLOD

ngoqﬂ 3.08 £ 1.14 % @aTu (G. fisheri) uRz 2.68 T 1.76 % daTu (G. tenuistipitata) luidian

unTay 2542, lunesatna Iwteh 2 musonsgasriiednsulsaureinswspdulafod

\wnay Tﬂuﬁé‘ﬂﬂmﬁtﬁ@taﬂmgqqﬂ 1.85 * 1.00 % si07w (G. fisher’) uas 1.70 = 048 %
W% (G. tenuistipitata) 1uB130@HU (Faman 2541). WAIINUW G. tenuistipitata TLAUITI1N
Uofl 1 usy 2 Gimi‘iaumaﬂnsam‘%‘ﬂwﬁamg%’au, G. fisheri uaz G. tenuistipitata luyef 2 14
NﬂNﬁﬂIﬂﬂ‘i?NLﬂud’lﬂﬁ'ﬂﬂﬂgéi}ﬂ 1000 N3N URE 961 N3N MUEINY LUABUUNTIAL 2542 N3
Wildulaussnanialasmveasmnonigesriia uﬂiﬁuﬁuagﬁuan‘n:ﬁwmwmaon'ﬁ@rm
luusisziio 'swv';'omuﬁufua:qgma. namﬁmﬁ:ﬁauﬁb‘maafuﬁaﬁmwnmm’mﬁqaawﬁﬂ
WUdY G. fisheri WRintijugeaa 44.13 % Tutief 1 uar 44.96 % tuisf 2 lwwaed 6.

S - [y [ . ol o A [
tenutstrprtata 1“1{%”1“&?“%’0@9 39.28 % uwas 36.50 % I'H:UEIY] 1 URT 2 fURAL ?uﬂﬁﬂﬂ’ﬂ'}ﬂ

G. fisheri lutia?l 1 fenanuudeussiugiga 740 + 28 giem” lwdounsngiay 2542 wsain
msens lddaiausuuzii G. fisheri aunsosdvlaldassantl uwasmunzanannnic G.
tenuistipitata lumsmiﬁml.‘i{uﬂuamwﬂaﬁuﬁssummmulﬁiﬁﬁoawnnwstéruerfa AAMWLa1 iU
Aatannawioniaassia 'sztﬁua%uagﬁ'umsa']msﬁ'ﬁagj'lmfmsiz‘foﬁuaz&ﬁ'vﬂaﬁ’mnmé’au
% uAIELenimze. mnimfwaﬁmﬁlﬁlﬁmmj’ugon'jmﬁmﬁuuﬁumwﬁmaqa

A ol el

. . - A R v B, W . L & ' .‘:: o J‘d hd dl
Gracilaria suaau LLR:I'HE“JUﬂ?%ﬂLﬂUUVLQHU?uLﬂ?Qﬂ'ﬁﬂW mwswﬂoaamuﬂuuﬂnumwapn

Al
-~ [

%:I'ﬁlﬂmma'o"fmqau Wanmskiajulugaamnssuemisaaly

- e * J Lol L) . L
Keywords : msiasqiula, aumwiu, eifiossssumnd, nande, smsoiulng



Project Code : PDF4080069
Project Title : Application of Effluent from Shrimp Pond for Agarophyte Culture and Agar
Extraction in Thailand
Investigators : Anong Chirapart and Khanjanapaj Lewmanomont
Department of Fishery Biology, Faculty of Fisheries, Kasetsart University
E-mail Address : ffisanc@nontri.ku.ac.th
Project Period : 3 years
Growth rate determination of the Thai agarophytes, Gracifaria fisheri (Xia et Abbott) Abbott,

Zhang et Xia and G. fenuistipitata Chang et Xia var. fenuistipitata Chang et Xia, were conducted by
monoline method in natural earthen ponds (800 m2 in area) using shnmp efluents (P1) and
ambient seawater (P2), from January 1998 to July 1999. Generally, plants of both species cultured
in P1 showed a better growth rate and total production than those cultured in P2. Growth rates and

total production of Gracifaria cultured in P1 increased in the rainy months and reached a maximum

value of 3.08 = 1.14 %day'1 for G. fisheri and 2.68 1+ 1.76 %day'1 for G. tenuistipitata in January
1999. In contrast, growth of both species cultured in P2, projected a slight change in their growth
rates, with maximum value of 1.85 + 1.00 %day " for G. fisheri and 1.70 £ 0.49 %day  for G.
lenuistipitata attained in the rainy period (August 1998). All plants of G. tenuistipitata declined
drastically in the following dry season. Total production of G. fisheri and G. tenuistipitata cultured in
P1 showed the highest value of 1000 g wet wt. and 961 g wet wt. in January 1999, respectiveiy.
Plants of both species showed fluctuation in growth and total production, depending on specific
culture conditions of each pond, alga strain used, and on the season. Agar extracted from both
Gracilania species, was analysed. The results showed that the highest agar yields were obtained
from G. fisheri cultured in ambient seawater (44.96%) and shrimp farm effluent (44.13%). G.
tenuistipitata yielded only 36.50 % and 39.28 % agar in ambient seawater and shrimp farm effluent,
respectively. However, towards the end of the culture period (July 1999), higher gel strength
(740 £ 28 g cmq) was obtained from G. fisheri cultured in shrimp farm effluent. The results suggest
that G. fisheri can be grown all year round and is more suitable than G. tenuistipitata for earthen
pond cultivation using shrimp pond effluents. The agar quality of the Thai agarophytes is depended
not only on nutrient enrichment, but also on the other environmental factors such as the salinity of
seawater and the agarophytes produced comparable higher yields to other Gracifana species and
good agar properties to those of commercial grade agars. These agarophytes have a high potential

as an essential source of agar for food industry gels.

Keywords : agar quality, growth, natural culture pond, production, Thai agarophyte
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Executive Summary

In the last few years, intensive cultivation of shrimp has expanded considerably in
many coastal areas of Thailand. Generally, shnmp culture activities begin in early March and
end between November and February. The intensification of shrimp farming has affected
the coasta! environment of the country. This is because waste water from the shrimp farms
usually contain large amounts of nitrogen compounds from shrimp faeces and uneaten feed.
integrated cultivation of the Thai agarophyte Gracifaria fisheri with fish has been attempted
in outdoor tanks and ponds. However, its production has not been successful. There have
been very few reports on seaweed growth in Thailand, particularly on its seasonal changes
in relation to environmental factors.

This research project was carried out with the objective of developing Gracifaria
culture in Thailand, for agar extraction. Two Thai agarophytes, Gracilana fishern and G.
tenuistipitata were cultured in natural earthen ponds using shrimp effluent and ambient
seawater. Annual growth and production of the algae as affected by changes in
environmental conditions, and their chemical compositions (chlorophyll, r-phycoerythrin, C:N
ratio) were determined. Yield and agar quality extracted from the cultured agarophytes were
examined. The effects of environmental factors and shrimp effluent on growth, growth rate
production, agar quality, and chemical composition of the agarophytes cultured in natural
earthen ponds were also determined.

The results provide further evidence that the Thai agarophytes can be grown under
natural earthen pond conditions using shrimp pond effluent all year-round. Gracilarnia fisher
showed a better growth, suggesting that this species is more suitable for outdoor cultivatior
in Thailand. However, growth of the algae has a potential to improve with a higher rate cf
water exchange.

Algae production can be improved using shrimp effluent in culture ponds giving high
yield and quality comparable to commercial agar. However, there are more questions which
need further answers. More studies need to be done to improve the techniques of cultivation
system fo stabilize high production and agar quality of the algae, and to further species and

strain selection for yield and quality increase and resistance improvement.
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nIdANTzL Ui MABLad NN uazfiin@avanaaia (Ruppia mantima Linnaeus)

wa;ﬂ.u‘[aau

lumsiedsutaduiRammaseadosemsn  lasmsveanuazaiata  Asafs
Fmnnaimza f‘i-:‘fuﬂ:ﬂuagluﬂa guihuazlnawauusdgMaananta Intuaintolw
Ltﬁdﬁﬁﬂ uinlsaindrdesnads L'Fiiﬂ.vx’mﬁﬂ“rﬁm:mﬁﬁam%mmﬁaa;ﬂuu’aqanlm G
wsanussaIntindnasy vaduiwsuildssuion 34 o swlinungmzeiudn mondd
PINMsInLRIEINLE? TeRamstuuvieaufinute laoltvie PVC PIALFRAFUINE
7/8 %1 zgeanwiu usor gWieiudszanm 1 was Adsrevadaruviatiuaumoaonn
Lﬁaiﬁ’mmﬂwquﬁ'uumuluﬂa‘s:ud’lon’m'aruq viaau PVC m{gﬂﬁﬂﬁﬂﬁuvfuﬂahul'ﬁmnm
Uarsusnifuuan wivfaléviesudarivintes niulssfunsaldnszaorafiuds sl
Lﬂuﬁﬁmmzmaaaﬂa%mmﬁuﬁmagmJa'auaanma'mviauﬁuﬁﬂws:mnmﬂﬁua ¥RIDIN
WwituiaSuusouuas %'Nguﬁmﬁ’]ﬂaﬂ@aaa iltlunsnesssiiuald vanitelfairfaan

N .+ -, - v 3 -
ﬂ'ﬁ'LﬁUdf:N wacanu ﬂ“udlﬁuﬁﬂ:tﬂﬁiiu'ﬁﬂﬂ



M

nsLes Ut nIIg U

NUIVTINABENETMIIYIU 2 TUeAD Gracilaria fisheri (Xia et Abbott) Abbott,
Zhang et Xia Wa: G. fenuistipitata Chang et Xia var. tenuistipitata Chang et Xia 31nUI1tW
g1ilaenil YmTatlaanil dhanderduaznaneandinimsta ussylanaeslWuuaziingy
WnLaolul sA ussTUTIE 171'amﬂwn:L'armé“@i'm{’mmﬁqé’mi’mwﬁm% (alweang
mwomrassialiumusssinegldluanmnedsuvenionaassdueioulidndu Tay

Ifsrosanlunrsysuaadszunos 6 W@an

& . -
AILRHIEIVINHTY

: » = -
NISIaILLIaanilu 2 TANIINARDIND
-l & . . - - - [ Y Al g .
gaf 1 Gosamisluedusssua Tﬂu'l'ﬁmmmﬂmqa Pl RuIEws g
g ' g - - . - [ g r:’ a4 & f
i uwmmnuammqoqmmmammmauua:naaauwufamm mmaglummaaamﬁtmz
Py “ ¥ ., [ '™ - ¥ [V . I's
G- GRD YRR VINIAWTTYS ﬂﬂmnmqomﬂaﬂﬂ%mmﬂs:mm 350 gnuIATILL@AS 9N
“ ] " - - A r :’ - Ll
ﬂumuqonsawmﬂ'ﬁaam 2 Uases IWanaUNUUINSIRsIsuT& (Ussanm 650 anuIAn

was) tulanaaesft 1

J : » ) r. Dp ) -l r .| Lo
gon 2 Wwmemwneiuludedn lagldimzasssumdiosairados lidinslio
MIEFITEIMIS Unsasssumi@tSunasyUssuioe 1000 §nmﬂﬁmm Juainaassdadinza

Tﬂumamuqqﬂma TBUNATDINN 2 WAFLUAT aIlULENARDIT 2

& . [ Son v - - (- . v & =
nsapimvisiuileslfitaeaswdon (sUR 1) dafanmmnoiuiudus

YT 50 Magwdariia (hiwindszunn 5-10 n3udaaiatng st lwniangan

b . L —~ L 4 » ' y
'].uaau muﬂmauuﬂﬂuunmdﬂ‘izmm 0.3 uaaLues Iﬂﬂl?“‘i:ﬂ:ﬁ'\ﬂ'ﬂE]JLLGIRZY]E'LLW".AIS

-

Uit 15 oudiues dwinidudulssanm 250-500 niudenusdwdon 10 was 7
UarpuaaduwBanudasdmyniafanunanla lﬁmwﬁ'mwaglﬁﬂdﬁfﬁ MilaTzaUR WA,
uaUssun 15 rudiuas LLa:mmgwms:ﬁuﬁﬂuﬁamﬂaa\nh:mm 1 a5 iiosmeaaa
MINUG 10 L@usaTie Iuszninanisvaass Imsfoudimiblnuluiunes 1 1 3 vasind
15503 wie 70 % veatSuanifldidnsawig nn g e wia vinga9 7-14 W uaziinig

. . . - pow - by -
IWentar uvisaunsanan WWaldlmsvyudsuedaiaiuasaIsaIms (UM 2)



12

MSsIULNILRsaTIIaN SIS ULaL La

J \ld > L 0 L L4 : ] -
AUAL LA TITIMINIAUBITIMNIDTU MUWAIINMIBLINNY T3 7-14 U
wazfuammdanmMasuuladuint (relative daily growth rate) (Juttesiousiviain

o
MUFNTTUNITYOS Penniman URsATUT (1986) aau

RGR = {(W,MW.)" -1} X 100
tﬁa RGR = relative daily growth rate

UM UNEATUAU

<
1

g w . & = .
W = MR BNEaNIonaI T nte U nyulIan t 7w

t = 13I8 (Tu)

& LY - “ ¥ L VR [ g . [ -
PnUUTnhminnauHhminSuAuAULaIIN U AREY (re-stocked) dald asiviananEa
suwvasrwieuluglvenihwidnaaiduniunngdew waniavesdiadamsiiiudig

Tadanfaeiduamnan, wspuussdaiubaudugoandimiinzianazatn anuuinliuny

LLa:Lﬁu%'nm'Hﬁqmugﬁﬁw -20°C WamMs AR juso 1

MsaTIRIeSunuiagaae lsWaduaz IW AT AN

annIaRunidafnaslsWad (mglg tissue, wn.an) watWlnlau (mglg tissue,
wu. 79) a3t Colorimetric #atin3as spectrophotometer Mandsanyitlwiaduanua:
aneLiaRaandls acetone @niunaalsfad e uiTuas Mackinney (1941) wazdlodInau

iU Wlnfidu @ wATues MacColl uar Guard-Friar (1987)

-, « A - .
nsladimivauuas lulasianluiiiaibaani o

U8 1IN IUUR NS LB NNR 8B s auT :]’mnﬁwm;ﬂué’aaﬂwaaanlﬁuumﬁw
sz mnﬁ'uﬁ’t'lv?.'.ﬁ’aﬁqmug:‘]ﬁ’ama:tﬁu?nm i M Aes eSS uanL e

Tulasianlosl$iBuss Walsh uaz Beaton (1973)

s L =i r ' ; 1
NNTINIMIULFINIINN Uﬂ’lWLLR:‘H'NLﬂlJ'UEN%’II‘L&UE]LR HIEMWIY

STRIINSIAE mwi’mqquﬁ. AU, mm'q'wuaamfw (turbidity), fuTuey
'uadif’) (alkalinity), total dissolved inorganic nitrogen (ammonia, nitrite, nitrate) URs
phosphate-phophorus lmfmn‘]é'ﬂmvf Yan auUssnAINSIivE Y alkalinity uaz
ammonia-N  @5193aTzienuIFues APHA, AWWA usr WPCF (1980), phosphate-

phophorus, nitrate-N (&2 nitrite-N @590 TR UV Strickland we: Parsons (1972)
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NSIASLUATRLIMRETATANAIU

awﬁuj’uuﬁaﬁm‘%uu"ﬁﬁwﬁu dnuwgenihIadinadssuim 2 Taluy Was

-I : A L ] & 1‘: ° . = A" (=4
mﬁaLtazaaﬂmﬂaunmmqagaanluv.uﬂ PMnunidellluiuEn guuiadszanm 0.5-2.0
L TURLLAT WENFeE acetone 3-4 7SI WIBIUNTZI acetone LUl FUBaaANNEA wazrin 1wy

mula"q wnniines udnw Hikemsana judaly

1. n13vin Alkali Treatment

At mn oI WanFudITsew 30 nSy  wauulumsszann 5%
Tmdoulaasanlsed fgrunnil 80 °c uan 2 Tl wadurseeaaindszihiuiean 30
- a4 ' - - - & . v o< .
wn  wweavawAnvealm@sulaasenladasn vinmwiunvnlwidunay Teoweluans
ara nsadania (2%) (Juinan 1 $alue ufidsensasandisihdentniazenedn 1215

'ETL’JIJJJ

2. MSENATU

11'16‘1"1amamﬁﬁuiuﬁm‘%'uu'lﬂuﬁa 1 wen lwbhnauludassm 1 s 30
(uNBas) laold heating mantle nMuldanznduniuindonaaanauauIsas (reflux
condenser) \fwia1 2 2lus msa:muju?iaﬁ“ﬂ'lﬁthmaqmuﬁwwma (muslin cloth)
mnfwﬁﬂﬂﬁuﬁaﬁaﬁqmugﬁﬁ’aq (24-26°C) usshluufigaunnd -20°C 1Due 24
2l wia 48 Talug mimbhunazasmiudeenlasddoindszfiazona "g’m"i'lﬁmiwm

ﬁﬂﬁuﬁoﬁqmnqﬁﬁ'aa WamsesniaSanmiu (agar yield)

3. maTsRRuDAUeI L

3.1 guUENIINBATR

NMIATVIARUTANTIMEMWBITITazaI iU 1.5% T@um‘%uumnwﬁm’;aﬁ@
¢ (crude agar powder) 9 n$u siulwitnan 600 Taddes (DuIe1 60 WA wiansaranuin
1.5% andasianunila (viscosity) 7 80°C #tiAis Brookfield SYNCHRO-LECTRIC
Viscometer (spindle number 3, speed rpm 50. Model RVT, Brookfield Engineering
Laboratory. Inc. Stoughton Massachusetts U.S.A ), finuudisveaiu (gel strength) o

qmuQﬁ 20°C muaTes Texture Analyzer (TAXT 2 Texture Analyzer, SMS Stable Micro
Systems, England)



9373701 Dynamic gelling temperature YaIRIREAYTU (1.5%), 10 NRAFNS
lunaaanasaIuuia 15 Wy X120 un.fgmnni 20°C, Jaaunpivucifimiizesmsazany
TWEUUTIEN

FITTANRBNAITEITU (gel melting point) ATAIANNAITATRIWIN (1.5%) 10

Ja3807 AudorlunasanaaadtasiudiindsiTuia 10 vy, X 100 U, ﬂﬁiﬂﬂuﬁqmuqﬁ

20 °C futran 24 Ty mnﬁummfﬂmg@“aaumawaaj’uTmaﬂ‘i’maam‘ﬁamﬁumlu

'
& A e v

J o +vo n. hd ! . - a «A
water bath ‘Hdﬂ?UlHﬂﬂﬂ‘]LWUﬂ’J'}u‘iﬂ%‘Ul& 1°C dawn uuwnqm%qmu ARIVRIAN[IINTW

4

STINREAAIDLN Lﬂuma‘ﬂﬁaaummmaﬁu

ax ry -~ R - . .
MTIaUI UM TRYEITU  (moisture content) @BLIIIRNIUITTNNTL
50 LaanNTy ﬁw‘lﬂauﬁqquﬁ 105°C ifwaan 4 Talus udvibiidulug desiccator 17ufin

dimingavislugisas 30 wifi nasnnia1iiidulu desiccator

3.2 FULANMIILE

ATIVUATITHUINUNTL total carbohydrate maag’ﬂcﬂu’fﬁ phenol-sulfuric acid
method (Dubois et al., 1956) lagl¥ galactose il standard

ATIvHATIEVLRuN M 3.6 anhydrogalactose luji"u latAT resorcinol-acetal
method (Yaphe and Arsenault,1965) lault D-fructose 11l standard

USunurawne  (sulfate  content) 1%’:1:14 A979A TR le03T  Turbidimetrc

method MuniINMIstaadaunsalalasnasin (Craigie et al., 1984)

suudvasiuf adeldirnndIoufisudusut@oesiuriasgiu  lautiu
-I 2 1 -l L L e J‘ ; -,
vaspuihanlfuioufisyldnfuinsaams (food grade agar) ussjuinsaduailaifia

(tissue culture grade agar)
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HRNT1SI08

r- 3 - rF_.9 L L% A : i i F_
MU lauas NANRATINS AW UM B LI LU D RUFITUTE

- -t : -I. v: 1 - x

sudamaaiiuasnimuonmwsesdinsanlfi@mmnhoiunizasgammaaas
D - ol - . -] L "
TI@OUNNTIAY 2541 Daufaunsngiau 2542 uaad iluasd 1. luseulgmunpindamia
wwasenaaga 1 uss 2 eglugaseoud 18 °C lusraonedu (@eunusion) auda
[o] - -a 3 P - ¥ . A' -‘ g by : J“ v Il
35 °C lunguds (@ennwiow), anududiaminihluten 1 Saldhaenmaidoads ag
\ ) - "Ry - . . . ¥
TEWINY 20-40 %o uartisf 2 JlTUMHasTINMa atiTrning 20-45 % anulusalavenh
(transparency) Tuyedi 1 BUS"HTN 4-16 Tu. ua*'luuaﬂ 2 DU?’WJ'N 5-22 <. ﬂ'nu'uwuaa

M (turbidity) Ti13:1319 14.60-162.22 mg/l (ia#h 1) uas 13.31-81.23 mg/l (viefi 2)

sudamaniivanhfilfidvsevioluded 1 SU3unm dissolved inorganic nitrogen
(Nitrate + Nitrite + Ammonia) Hf1UUsANITNINg 0.044-2.548 mg/l (LBf 1) uaz 0.037-1.245
mg/| (Liﬂ'?i 2) 1311t total phosphate-phosphorus Lfi195z1319 0.002-0.059 mg/l (u'a'ﬁ 1) UR:
0.002-0.402 mg (Ueft 2), urzauiuen (alkalinity) Boindaszndng 53-296 mghl (Yol
1) uaz 52-255 mg/l (Laf 2)

nmadaidulalusrousnuasnmsidos (UNTNN-NUAWUS  2541) WRalSuanw
fatIEnene 2 1ia moa"mﬂEm'ﬁamamws'ﬁuﬁt'a{mmmawqﬂwm'lﬂ WIINFINAWY
FMTELIEIUINIsSUAnLYURI LA ﬁoluﬂafﬂiﬁwﬁamnmﬁa (e 1) uszlutefildinza
55308 (Uafi 2) mudaidvlenssmmnen 2 siefunlivadoediiu Taofimsiaso
LanTﬂa@mluﬁwusnﬁL‘s'mhmm"mau‘érmluﬂanﬂaama:dau‘)w‘?imfmﬁml’auluﬁnnma
W@Wounumwui-wmow 2541 anelsimudannseip@ulevasemmsons 2 wia valu
tafl 1 uar 2 seutedn  uscd epiphytes dwanawofdLIana  Cladophors,

J A~ L - = o N d‘
Chaetomorpha, Wax Enteromorpha Iwnaguanaamluiuaunnn lesawizluyad 2 il
fivntulusalaveniy (5.0 - 13.0 ou.) Ejan'ha.iafi 1 (5.0 - 11.0 T.)

LLﬁiwmmﬁuj’uﬁv’a 2 'nﬁm:ﬁn‘l‘iLa’iryLauTmauﬁnfﬁlm:u:mmacm‘mﬂaaat’ﬂrm
(FaunnIeu-Lunon 2541) Fudutafidanweimeauiausauasduiesroonouu sl
NansznuIINUsINgnIsHt El Nino ﬁﬂlﬁmﬂmﬁwmﬁmﬁuzqunn'h 45 %o unrpunnlival
1f1§an"h 30 °c msua%rytﬁufmaammﬁuiuﬁv'aaawﬁﬂ Fuaaaatsefiazaiolugig
WWautan) (1AsUNnWMAN-NSANAY 2541) azm'lsﬁmumuﬁujuﬁ"'aaaa-nﬁﬂﬁ"uﬁmsuﬂn
wuuslmisnady Wefiluanasnlumalaed@eunsngnay 2541 wasdaidvlaudousedn
n%‘atﬁammmﬁuua:a‘mngﬁwaaﬁﬂaﬂmlummﬂdu (FRamWAu 2541) uaztafemeiusslu
@BUWGAIMOU 2541 DadauNNTIAY 2542 (gﬂﬁ 3-4)
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'\nngﬂﬁ 5 us: 6 muhuj’uﬁtguduﬂaﬁ 1 Tdannmasigdvlegslurngadu
TWIAABURIMIAL BUABUNAIAY 2541 Wenunduveniluled 1 ag3zning 20-28 %o
uazlutind 2 STning 20-30 %o, Gracilaria fisheri uss G. tenuistipitata 1uiie® 1 Hidwsns
Windulngean 3.08 T 1.14 % day ' (F = 0.53; n = 40) uax 2.68 + 1.76 % day (1" =
0.35; n = 40) mudeu ludisnunsau 2542 luuoefl G. fisher uez G. tenuistipitata 1utie
i 2 figanmasigdulagige 1.85 £ 1.00 % day” (r° = 0.16: n = 40) uas 1.70 ¥ 0.49 %
day’ (' = 0.38; n = 40) muéeu hufeudimay 2541 dadurggeu ednalsfiaunis

.y - . l’. 0 ' J = > -.‘ J’
Wigldulavssmmnonigasriianos qaasd wazensladamaiulennunuuaniiiuzw

WUN31 35 %o, BrWMANFUNUNTT 30 °c uar anuiludrsvesdiuinnit 160 TadniufEas

i junidoluted 1 Winesialagsugeninluted 2 (3Uf 7) laoamsoiu 6.
fisheri lﬁnanﬁaﬂugaqwszmm 1000 niuinineEe (1af 1) uss 777 nfulmineaa (Lo
7 2) lwdouunray 2542 luancfnsnieuves G tenuistipitata Wnanselaysiu
Uszam 936 nfmbminaga lu@eukninn 2541 (defl 2) waz 961 nsubvidnga lwdion
UNTINA 2542 (Uaf 1) 8813 1sAMULIITIIlUTELEUTNVBINTAN W (UNTIEX-NULIEU 2541)

- by -~ ' v ad - . . |
NaNﬁﬂﬂ"l“uﬂﬂﬂﬂaJm“i"lﬂlunaﬂ 2 Uﬂ’\gan'rﬂuuaﬂ 1

mﬂ'ﬂs:nnumﬁuaqmm'mj'uﬁtguﬂﬁ uamiﬂugﬂﬁ 8-9 laumlumunmsindag
maqmmﬁufuﬁi{uduﬂaﬁ 2 ﬂmgon’hmuﬁufuﬁlﬁrmluﬂaﬁ 1 U3 totat chiorophytl
luewiehisassiia miludeft 1 uss ved 2 (;;ﬂﬁ 8) dfgigaluwdouiuiny 2542 Ui
total chlorophyll lu G. fishen fIf1521911 0.251-1.194 mgig tissue (Uaf 1) uasszwing
0.265-0.973 mg/g tissue (U'El'?‘l 2) uazlu G. tenuistipitata §iFiNs21iN3 0.349-1.371 mg/g tissue
(U8f 1) Udzszwing 0.283-1.293 molg tissue (UpF 2) dm3ualSunoe phycobilin Ingtas
r-phycoerythrin (31J§'1 9) ﬁﬂ'wgqqm'lmﬁauqmﬂu lusmmumaesriia unitu G. fishen 7
Guslusiadt 2 fifgagalui@eudoninu 1Sauam phycobilin lu G. fisher Tifinszning 0.006-
0.050 mg/g tissue (UbA 1) uarsznind 0.004-0.037 mglg tissue (Us? 2) ustlu G
tenuistipitata 1F135¢1 319 0.006-0.059 mglg tissue (U'Bﬁ 1) wazszning 0.005-0.067 mg/g

tissue (a1 2)

lunsassdadfunaumivsuusrlulosan  wszdandmumiveu lulasen (N
ratio) 'lun{atﬁamm‘wfuv'?mﬂmﬁﬂ wandliluenswn 2 G. fisher 361 total-N 5zwing
1.73-2.50% (Ul 1) usz 1.52-2.42% (Uaf 2) wuniedl G. tenuistipitata TFnszndng 2.55-
3.46% (UBf 1) unx 2.10-3.15% (Ueft 2), G. fisheri f1/3"t4 organic carbon Sy 18.24-
39.97% (el 1) uax 22.32-39.86% (Uof 2) un: G. tenuistipitata HFNSEWi1g 19.08-41.73%
(Lo 1) Uax 20.01-40.79% (Liafl 2), CIN ratio lwileifommning G. fisheri Bruylseius=mning
751-19.95 lutiofl 1 usz 9.54-24.71 lusie#t 2, uazlwdolfomwiy G tenuistipitata e
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WUSEUTININY 5.51-14.90 (Ue? 1) uar 6.35-19.03 (Uef 2). CIN ratio luiflollamniud

g [ ‘ - - . -
Ao lalmasluinfeuiiminy 2541-1@auunTny 2542 uazfay gaaadluifioudoun

31 tuas auiaua Iunanananiuiu G. fisher uax G. tenuistipitata

“‘ J 1 - -
audlwladusssus@

NIAITNATIER VI U ULATAULA U Yilurnamviolvnaniaowainos  &nsu
- - ' & 1 - r
Gracilania tenuistipitata ﬂﬁmms‘}:umamamumﬁauqmﬂu 2541 D auunTIau 2542

URt G. fisher AIUFIABUARIAY 2541 DUADUTUINY URDL@AUNINYIAL 2542

Uiuamin  (agar yield) uazsud@vssjunananinemionldnandaluriudion

qanu 2541 Bansngnau 2542 usasTiluamef 3 uar 4

viunaiu (@171 3) vaamm’mj’uﬁtaaamﬁmﬁuﬁvuaﬁ"aluﬁaﬁ 1 Uar 2 wsHULAES
anlauaunana j‘uﬁ'[ﬁmn Gracilaria tenuistipitata Yialuta® 1 uar 2 IS ugigalu
\FAUNOATNIOU 2541 LAy anaduldl@suunTIAN 2542 TﬂULﬁUﬁm{uﬁ'lvTawnmﬁﬁu
lutiaf 1 Denutsimuszwing 32.59 - 39.28 % uar 1uuan 2 fs1szwing 34.97 - 36.98 %
wazmuldamazmsiduadnaiu 6. fisher WiRnwiuginit G. tenuistipitata. iuﬁ"[eﬁ’mn
G. fisheri lutiafi 1 DA uUsAmTznig 37.44 % lu@suqainu 2541 fia 44.96 % luidan
ningieu 2542 uazlulaf 2 Drszning 36.13 % hwdouwnaaniuu 2541 was 44.13 % lu

\@aunIngInu 2542

¢
L -l

Jufianenn G. tenuistipitata TuFualuiaf 1 ﬂiﬁmmmm%uaglwﬁu 151 % 4
Waunainu 2541 fa 17.2 % lwdouunmau 2542 uazfuildmnammnosiadoiululed
2 ﬁﬁuwmmm%uagluﬁw 14.0 % (\WBauuNTIAN 2542) fa 16.9 % (1Faufuray 25¢+).
Lﬁmmmw%ulufuﬁaﬁﬂmn G. fisheri fFngiaa 18.2 % lwdauiiuny 2542 Qudad 1)
uaz 17.7 % lwdsununiwus 2542 (lutsfl 2). a9 lsAmuFinannuiuluiunnamss

NIFaITie i"suuﬂﬂuuﬁsﬁﬂﬂmur]g]ma (@757 3)

FULFNNAEBNIN (A5 3)

ﬂ’nmt'ﬁd‘um’;u (gel strength) 3NN Gracilaria fisheri waxr G. tenuistipitata lm_iaﬁ 2
lutandfeuqainy 2541 faudeununiwus 2542 i'm"agon’hlumm“'\U‘ﬂﬁmﬁmﬁuﬁxgmlu
vaf 1 sniiulutiadondinny WaSAaUNINgINN 2542, %qﬁmmwuﬁwaaq’umnmuﬁu
Tuved 1 §an’5'ﬂm.iafi 2. j’umd’mn G. fisheri UFnAuLTIgIge 740.1 glom’ (Uafi 1) uar

2 .o - - SR, T [
638.9 gicm” (La® 2) lwidounsnginu 2542 Tyganhiudfanialenn G. tenuistipitata. Ax
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ullauesUaN G. tenuistipitata Dengaga 562.4 glom’ (Ueh 1) uax 594.7 giem’ (Usl 2) lu

WOUTUINY 2541,

ﬂ?ﬂﬂ“ﬁﬂﬁuﬁ'ﬂfmadfu (relative viscosity, cps) 9N Gracilaria fishen Usr G.
. - . e . - - - - .
tenuistipitata MiApalutien 1 ludradaugainn 2541 Dadoununwus 2542 Senganinlu
N - - “- o . - ' o . - - -
mnhuriaduanuidudluben 2 egnlsioulusisfenaainy 2541 uazi@euliviny
2542 ANUniaLeITUIIN G. fisher luiien 2 ﬁmganiﬂuﬂaﬁ 1. G. tenuistipitata \MLpn 1
uaz 2 fFnunilavesiugsqa 39 ops luidiouqany 2541 usz 21 cps Iuidsaugannu ua:
fuMAL 2541 auiIey Iwuteh G. fisheri FAMunilagia 31 cps lwidauiiuinuy 2542

(Uaf 1) uae 23 cps b DUNRIAN 2541URsiiuIny 2542 (1 a9l 2)

'?m’iaﬁ'ﬂmnmuﬁu Gracilaria tenuistipitata 1§i1 gelling temperature $:%313 45.4 -
46.0 °C luvafi 1 uar 44.5-49.3°C luvefl 2 luvned G. fisher Deinszwing 47.1-48.8 °C
lutiafl 1 uas 460 - 48.0 °C luyed 2. uﬁ'ﬁj’w‘r’ﬂﬁmnmnﬁu G. tenuistipitata lutiaf 2
W1 gelling temperature Ejaﬂ’i’ﬂm_iafi 1 uaz ‘?ufi'lﬁi]'mmﬁﬁu G. fisheri Intio? 1 1
gelling temperature E"Nﬂ’i’ﬂ.uﬂa'ﬁ 2 agnalsfiieu gelling temperature maeq’mﬂﬁuuuﬂauﬂua

dWnlsplumwinousdazrieuaznania

INNRDUNEIVBITU (melting temperature) nnamieluted 2 Tmuﬁﬂﬂ:ﬁmgan’h
lwied 1 snciuluidaunsnginu 2542 Gefiganaauinainasiuann G. fisher lutiadt 1 fien
asnit lulefl 2. G. tenuistipitata luva® 1 fifganaaumaivasiueyiugin 850 °C lu
WauWnAINIUU 2541 9 91.0 °C luidauunyian 2542 uaz lutiefi 2 Deneglutg 90.1°C
Luidiaugminn 2541 fis 92.0 °C lwdounnmau 2542, moldanzmandvadoaiu fuilld
0 G. fisheri lutiedl 1 fifngavasuimaiaglugn 81.9°C ludeunnnay 2542 iy 87.0°C
luidisunsngran 2542 uss lutie# 2 aglugae 82.0°C lwidsuluiey 2542 fis 84°C

WounaIny 2541 Puildan G, tenuistipitata Haenasumarvesjuzeniiuildan .

fishen

RUUAMNATD (@153 4)

nmoldaniaznisidusluusdoinu q"uﬁaﬁﬂ'lﬁa‘m Gracilania fisheri \WU3u 4 total
carbohydrate 84091 G ftenuistipitata leulutaf 1 fu?i'lﬁmn G. fishern FuNtugaaa
46.09 % luidisunsnginu 2542 Iuynsijusin G. tenuistipitata 131104 total carbohydrate
RIA9 411 % ludouwgainion 2541 wazlutedt 2 q'u?i'lﬂ’mn G. fisheri TSuNtugaanm
4501 % luwidounsnginn 2542 us: G. tenuistipitata §U31104 total carbohydrate RIAN
40.89 % luldauunyianu 2542
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Bunmdana (sulfate content) luuiiaianunds alkali treatment Denduilaifiny
AuJu non alkali treatment 37N G. fisheri (3.36 % lua9ft 4). G. tenuistipitata TiFns=ning
0.71 - 0.77% lutiefi 1 uaz 0.63 - 0.64 % luliafl 2. G. fisheri UFNTzNiNY 0.69 - 0.88 % u

) 1 a - v W e , - -
vaft 1 uss 0.62 - 0.86 % lulshn 2. Tﬂum'lﬂﬂ'%mmfﬁﬂMﬂluqun%mnmnﬂumaamuﬂ

ol

X . e -, . . el
Aasalutian 1 :ngamﬂuuan 2

il’lﬂﬂ’]'i"mf’i 4 500 3,6-anhydrogalactose mao‘g’uﬁ'aﬁﬂmn Gracilaria fisheri L&
Wadwiefioudyiuilidin alkali treatment (14.48 %) Jufiai@ain G. fisheri lutiaf 1 §
153074 3,6-anhydrogalactose (atuudasann 1587 - 28.32 % wazluved 2 fidn 17.43 -
26.62 % %aﬁlﬁmmgan’h G. tenuistipitata Piasanuldans@oanulutad 1 uss 2. j’m?'i
19n G. tenuistipitata luyedt 1 Sen 3,6-anhydrogalactose WUsAulut3 1504 - 2222 %
WAz 17.35 - 21.90 % luus? 2. USu1m 3.6-anhydrogalactose luj’uﬁiﬁawnmnhuﬁaaaa
sadfulsiuduRuiluma@oinuivanuudsesiu (gel strength) wazmsiRouutlas
aunanmaveanfsunm  3.6-anhydrogalactose ﬁuuﬂﬁm‘fuagﬁu'nﬁﬂua:ﬂw”uamd:u’mﬁau
Fnwrzvesruunisid naluudaztia uanmﬁamnﬁmmm‘smmsﬁﬁagluﬁﬂm'ﬁfﬂrm

NS

nnswitToufsuuunassw

auﬂﬁmamumwua:mqmﬁmaoj’uﬁ'lﬁa‘mmwi‘m Gracilaria  fisheri usr G.

. - o . (V- .~ " [V -
tenuistipitata Miiusluten 1 laplfhnannudy warden 2 laslfumzasssum@ios
oty uRsufsuiusufvssiuuasgin wuihdsufisulanuiunsaamis (e

Whan) uasinsalaudtuaita PAC Was Bacto Agar AILAAILUNITIIN 3 uas 4

qunwuestuilenn Grailara fisher utafl 1 war 2 Huuoe 3.6-anhydro-
galactose Indlfivanuiuinsanasue s (@munaden 28.61 %) W TUNTANINTS 3
Foadtafe (PAC 30.72 %, Bacto Agar 25.87 %) \twdvaiu tRinudainaluiufiaialed
ﬂ'“n'lna”tﬁuuﬁmﬁmm*ﬁ'awJmlu'g"umwmmpummsmﬂmaLT:an (0.61 %) WUAZTWINTA
aspwssnilafioan PAC maau‘%ﬁnj’uu‘%qﬂ% (0.55 %) usisFdnintSunudaad]

a1zl Bacto Agar (1.72 %).
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uniansot

Taomalymsuwasuudasdanmsdipdvla  uszesddsznsumanfivassmmaeu
Gracilaria Tassluanznandy dniduasvrnnmsuiouudsetfeibwadaens g molu
SLULTBINITIRLY (THRITNRY, pounnd, ANuuEs, aMudeturesmsamisiulasan
WREWARIWG, AIURUILUKLOITININE, Sammslfouin, mMstwene, SRTOGR pH Wasals
Usznoudunidasueunlwinszuupeanisiaos (Lapointe uaz Ryther, 1979 Lapointe, 1981;
1987. Friedlander Wazeitus, 1991 Frniedlander Uazfitus, 1993; Gonen LUasaius, 1993;
Chirapart uasame, 1994) uannifSurmesemisiulasisu dalanuduiusivdanns
Windiulavas Gracilana warsriaiiasimolasruufina1suds (Haglund uas Pedersén,
1993; Jiménez del Rio UasAE, 1996, Yamasaki LazANE,1997) INMIIANIAASIR dasms
WIAULAUa9 Gracilaria fisheri Uaz G. tenuistipitata Lﬁuﬁuﬁuﬁufﬁ’umsmmﬂ"iﬁag’lm{w
ﬁomnmq’a ndasnduaiveu  ulasiau ﬁﬁag’ﬂmx{mﬁammﬁu uaa LW ARd sy
msmmﬂﬂmmﬂmfw?Taa‘mmsl.gmr]"aaduwatﬂua Wwemaeiadulevssamineiu
Gracilaria uwazlifnavasmsiatulasaudenisisgidulasesmmwnuiun  moldane
maiaslutiefusssumd sandumiven '1.uTmmu'lun’faLﬁamm"mj’urf&aawﬁﬂﬁm
dlutief 1 wardaf 2 Mmituinnsuinmssraumsdsznavlulasaunluiiodsvasmnie
“ﬁoﬁ’uﬁufﬁumimmﬂﬂmmuﬁﬁlﬁmmgqluﬂaﬁ 1 (Friedlander uRz Levy, 1995). a1
gumduan - lulasiau Afiidssunm 6 vsdimsisipdulafiauas G. secundata a9

ﬁqmvsq'ﬁ 25 °C mulaanizdest iianaslu Uppsala, Sweden (Ligrell uaz Pedersén
1987). athilsfimuapiinoarunuindamauaiven ;- ulasiauw Ussura 29 fiudyed
tamaasaudvlaUn@ussswiny Kappaphycus alvarezii Masslunnialla (Rui uaznme,
1990). damamuasuan : Tulasion lwilaifisves G. tikvahiae ﬁﬁmgumw 13.5 Bl
mynauaaululasian Ssfiuslvmsiedaidulaaaas (Hanisak, 1987). Friediander WarAf.s
(1991) TwIUIdanaumsuean - ulasian Ianuduiuiniuiuiusnudutusesss
omrsuanlufisluemisidusmwing usznduiuivdanmasdudule. sgrolsAamumols
anzledusumasandueiuen ; uwlesiaw ludlademmnousazsiainnudunus
Lifauiudammaaiadule. msRaduwresdarnisdudulauasnaninsiuves
&WY Gracilaria Wwtiaf lutiadsunnsay 2542 praduminquinnamsemisaiunsd
Tulasian (dissolved inorganic nirogen, DIN) AIRLTUSTNIIITIIAGINE UBNIINTHE
nisvasawnlutan 2 gan’hluﬂaﬁ 1 SEWINITIIUSNUBINTITNARBIEL (VnTIPN -
AUEEU 2541) ﬁy’n{mmﬂuuau’lmnﬂﬂm‘iumaatfmuaﬁ'l'ﬁl‘érmmwﬁu luwdedl 2 énn
Euduaags) lutie 1 Pumslugredansrszuunsiamerinuiesalutioft 1 Hfluwn

e 4 a [ " o A - . - - s - .2
Uata ﬂjlﬂﬂ']'il?’lﬂ’lﬂ’]ﬂ“q@'ﬂtdn ‘HJMNRWBH’]?VQ?(}}LG’IUIW'UB\Tm“ﬂﬂ. ﬂ"f‘iﬁf_‘!ﬂ‘ﬁ:\'lﬂﬂ’lf1“
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' g ' . -~ [ - - -
pmalusznihaissmwnolutgaieu Tnaiilddasinnasp@ulasass  fesnne
- R . - [ - . .
faomiueulasenled (Friedlander usz Levy, 1995). BW@DINUNSIRGY  Graciflaria

) ) - f - . - o &
chilensis HRHANUBIIMTIWTRARARIDI 40 % lalveniaaaadain 10 wluniw 5

FaluadeTu (Ugarte iR: Santelices, 1992)

anuduulslumsiasgi@nlauaslszminsveda iy Gracifaria  fisheri uaz G.
tenuistipitata %uagﬁqu}maua:muﬁuﬁmaomnﬁu Wwidpanuandoonw lummasas
mulﬁs:uumnguonmeuiﬁ:u:mwaaa*m‘hu Gracilaria verrucosa strain G-16 4 Florida
(Bird uURr Ryther, 1990), G. conferta 1w Israel (Levy uazatus, 1990) Was G. tenuistipitata lu
Sweden (Haglund Wwe: Pedersén, 1993). uanmm{mﬂmmnmolumﬁh:nausaﬂfﬂq-um
s Juw infstuauanzuedsufiosudssldvastof 1 uazyef 2 (Fredriksen
ua: Rueness, 1989). wiinswigdnlaunaduwalhin duagiumsiaouudsaihdvantn
nlomeasmungma udiidouniiuluuegania. lurafeuwdiemmnoddannasiyidule
geathaduga (3UA 5, 6) srallunsinainmaeigidvlafanituesdstemyrinolng 3

F [ , " . .
ﬂwmtaummmumaU'\-am'ma.u’m’m'lﬂlummguaa

msunfulumsispavlaluudazgr0reammasaadny Graciana fishen Waz G.
tenuistipitata  p1veSuulavindnisuistunsiaswidvlaves epiphytes Auammiioiu
(Hanisak, 1987; Friedlander uazfouz, 1991). waruenanit miaﬂawaaﬁ'ﬂﬂm'im’stytau'[ﬂ
WRSHANRATINYDITINTIL 2TLUTIUAQUINNANULAY, punnl uas adlusnive nian
L'ﬁugammﬁu’lﬂlwﬁuﬁmmﬁm”qua"a. Funsmsidnimaauszfarnisidondiuinfisn
Lutnaifion seniesafmmsidosemso evlineiRosdanmsinwszaumsasodolals
'c'mqg}':’au 8t lsAMuINTIBUNISAN V89 Vandermeulen ez Gordin (1990) WuINNS
REHE ML Ulva ludslasrinahfiadhgdsdsetedaies Toldilimssgdulae o

. -
SNTLaTU

lums@inmadail  moldnsdssluaniwy odusssuoia ﬁuwmfuﬁ‘aﬁﬂ'lﬁmr-
a'm%']uﬁaaawﬁﬂﬁdmauﬁwgo Lﬁmﬁuuﬁmﬁ‘mmq"umﬁmnmwﬁnj’wnﬁﬂﬁu Aaud
wnuly (ru Gracilariopsis femaneiformis (35.8 %, Chirapart Wuazfus, 1995), Gracifana
chifensis (22 %, Martinez War Buschmann, 1996), us: G. changii (25 %, Phang Wasamus,
1996). j’uﬁ'ld’a’m G. fisheri ﬁLﬁmmgm’hmrﬁmn G. tenuistipitata %aﬁmmi’umﬁ %uag
ﬁ‘u'uﬁmna:muvi’uﬁﬂaamm’mﬁL%aruoluamwﬂaﬁuﬁﬁu'mﬁ wanwiteanadpasaimisg
'lufmmuﬁﬁaglufﬁ. st lsimumaRnaudutwussasemisiulonon  moldsruy
mﬂéruamuimj’uﬁﬁmﬂﬁ’mmﬁad'mtﬁuﬁ dusvirlémsisianduleves Gracilana
tikvahiae Lﬁuga-ﬁu u.ei'lﬁﬂ?mmq’uaﬂaa (Bird WAz, 1981) uanaNil AUNIWYBI Uil

pwsuRusnuaaMsip@ulevesrmoiu  laotuildan 6. fishen filapaaioft 1
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war 2 anuudidluginammiodsanmauspdvlegs Ludeunnsan 2542, asanu
a , 3 R B . - [V g - - ' - - -

1UNY Gracilariopsis lemaneiformis ‘Udlv&’guﬂwﬂmn’mﬂl.uamn‘iﬁuuaﬂﬁn'ﬁﬁl'srymutﬂgo

@ (Chirapart uasnmiz, 1994). atvlsnawtBuajuiifmaaaslusnamwneiuimuasy

LﬁuTmLa:NﬂNﬁﬂi‘jd (Christiaen uasau, 1987; Christeller W&z Laing, 1989; Bird uar Ryther,

1990).

j’uﬁaﬁ’@'lﬁmnmwhuﬁLéruamU'lo'fan'n:msmmﬂﬂmmuga figanasunaizod
% (melting temperature) WAZAIMWUTILEITH (gel strength) gan:iﬁuﬁ'lﬁmnmﬁé’mﬁtgm
luamirasemsnlasiaudn (Bird uasnms, 1981). {umﬁmnmmwuiu G. fisheri {9
Maauma’ruaaq’u@"hni’n G. tenuistipitata ua:ﬁmmé’nﬁufﬁummu"ﬁwaafu?igcﬁu Taum

v a A& A Y § .
‘lﬂ'ﬂ“ﬂ“ﬂS&ILV-R'NJﬂd’!uLWU'IJuLUEIﬂ'TIULL?:N'UEN?%I.WLI?J% {Matsuhashi, 1990}

Hufvindanai mulGTan"n:mﬁL‘armmwhufu G. fisheri uat G. tenuistipitata \%
UafusISUT ‘g’u?ﬂé’mna'w.?'ﬁUﬁLguaTﬂulfxfﬂﬁmmmﬁa lﬁmmwﬁwaafuviéwn'jﬂﬁiﬁ
namsofasaleslfimnasssumafisiatradn Lﬁmmmsmms'lu’[mmuﬁﬂaglu
iﬁﬁamnmrj\x 'laﬂﬁuam:nu'u”maueiamnﬁuammwmaﬁuﬁ'[ﬁ HANTFN TN AN RINN]
fwodimoewlu Graciana  sordida ‘TmL'aruamu'ls?anﬂ:muguﬂ%{]‘uLnﬂé’awaw«"as
UfEms Taowuinmsdiouwudseszavtulaseuluifiissmnoluiinadannuudves
Fu (Christeller uaz Laing. 1989) atnalsfiay lug29# 2 voamsfos auudsvasjunld
AN G. fisheri ﬁL%aruoTﬂu'l'Exfﬂﬁn’mmﬂéruarfe né’uﬂmgﬁuua:gon’h?’u Aldnnaniud

& 1 by - - - = A
LRE uﬂ;’]ﬂ:lﬂﬁ‘i‘inﬁ'—]ﬂ luLﬂ Buﬂfng’]ﬂu 2542 ‘UGLLJM'H?JQ@FJ%

ATUnilaueIin  (relative viscosity) HauRNAUSIUMAGDITUAMUUT BT
m'mvsfwman:’umﬁmnmuﬁuluﬂm‘rJa 1 gan‘hj’umﬁmnmwﬁuluﬂaﬁ 2. anuuie:
AMUNiLaVBITUNN Gracilaria 'Fin‘éruomulﬁszuumue}u (aquatron) 3ifing9 ﬁuagﬁ’ué’ﬂﬂn'.f
Windulavesa e (Chirapart uazamuz, 1994) NRYBINYMIAGEAIIULTINATANURLS
ﬂaofu ﬁnﬁtuﬁmmj’u'lajaaﬂﬂ%aaﬁmﬁmm total dissolved inorganic nitrogen, phosphate-

phosphorus kazANUKVaIUN (Chirapart Laz Ohno, 1993b)

v o - E L o, . . ~ - - - .
’guﬂ‘lﬂa’mﬂ'ﬁﬂﬂw‘mﬂu 4e gelling temperature  ABUYNFANBNLDUNDIULNTA
J = . J‘ dlnl . [ a
W1AIFIU Bacto Agar TAULUMITUITNIUIUAO methoxy! ﬂuaglu]u_ USunm methoxyi 'lvqu
P’ [V ) - o ) . = -
zjwuuwaﬁﬂnm gelling temperature WWUEIIU (Guiseley, 1970) atinalsieny lunmsfinm

Azl lmanso TS m methoxyl tWasN BN AN EuUld

lunmisiwnnsilSnm 3,6-anhydrogalactose ﬁi’jaglm"umn Gracilaria fisheri §f
- o & & -l , -, . o -~
LﬂUU‘lﬂﬂU?ulﬂiﬂujﬂﬁﬁ'}uﬂqﬂqﬁ azingelapgdituelys  wauae auﬂﬂu'gu’a}’m G.

. - . e - [] ": e [} J -l [} - b
tenuistipitata ﬂ'smmfnmwﬂ'luqumnmmwmaawu@ uie® 1 DATFINDAARBINUATIIH
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wlvesjundidrdninluted 2. waiinRum 3,6-anhydrogalactose uaztiunmdaiva Tutu
o e e, v - -~ -~ . o > s om P4 v
wlFlumsiinuaauifuasjunudald  edrsvlsfiawanuuisvesjuiiiuinliamuisa
. L [ s - J - J : L
pfuneldagnitaian dapdiuin 3,6-anhydrogalactose igyuazsravidwenFunudaa
(Ree, 1972; Yaphe ua: Duckworth, 1972) 15ul@oinyu U3u1m 3,6-anhydrogalactose i
ANuFuRUSegtauiuamudain  luacitSnadadalinnuduiuslovasaiu
= Py ~ - [V
Anuuliswasin (Yaphe uaz Duckworth, 1972). usnnnifSunudadaniidgaluiunania
R - ] ' . el e -~ odom -
nnemhsiddlutien 1 winnilubed 2 evadusasnnnfBinudaweindeglutefiu
‘ r - : [l A (= -l g v [ *r - e _— :o [~ L -l
Fagunaldnnamwinyenidulasutauden sgslsiaudayabuduanudmuisuuan il

nseanwealy

-l t‘: -r [ *r - - L d - el
HaINNISANHINS IR amsioiusunsasadulaldaseal moldania:
' - Yy & g o : . ) -~ - [ .
vesssnrdleslfihifisninmaiosiy. law Gracilada fisheri mansniRigudvlalaanioua:
- -l [ : ‘. -~ s ' . . . + =
uria it aunumMsRDIl U@ WU eAUSTINTIAUINNTN G. tenuistipitata  atind 3@
- - . 3 : Lo ] -~ - ) el -~ -
G. tenuistipitata auNsmiAFEINuldamwlesssumals 6-7 W@audel. naeiuidule
. (Y w et o - [= - ' ¥ . P o . . e
rasx g jusnamuisndiudplidivldlasmndanmanfoudi lduniu - dugun
wolToauwlilas Friedlander uas Levy (1995). ssudaf ldanavsionagedriaaunsn
el L J L5 ﬂ' 1 . ) ‘l J -l Lo Lo
neieiu SliBunafuiginiheowihsfurieduneolnonuld uszgumwiudiou

Tdutuinsamasginaims

WU Gracilania  fisheri uaz G. tenuistiptata i@ leiuluammonzia T
ﬁ'numwau’wﬁﬂumsﬂ']mLguwmuﬁuﬁ LiRssusiRaiduamiTuasdanin tsunemi s
uddimansodunainiulilugammnnssuei g mnanuwesudnsmaEsImwnofuly
ANTWUBRUSITUT SR TITl Iﬂﬂlfdﬁﬁd‘ﬂ’mﬂ"l‘ngﬂdﬁdLLa:Tﬂulﬁii’lﬂ:laﬁ‘iiuﬁ’la (ABLRUNE
naRRIMIIDiU n‘a'iafnmlﬁﬂ's:'[umﬂumsaﬁmfmfu Sanafifnmu A fdasniTnsAnm
WAULRY L% mﬂﬁﬂlumsgum"gmm%ﬁuj’u hﬂﬁ’maNamua:qmmwvaa'}'uaﬁwtauamaa61
ﬁv'omuamw:‘]ﬁmmﬂfiuﬂsﬂﬂwaaﬂ‘s:mﬁ'lnu uu’i’ln’uﬂitfwﬁamnn‘lstgmrfeLﬁmga-a
e hldldnsniamnaoiuiu ucﬂ'qnm*mmaa‘g’uﬁ'ld’ﬂ‘o'lxiaﬂ"uaua FiumsAn.
Uinlysnmuniwiu ﬁdluﬁ’lu‘izunﬂﬁ‘ﬂ%&idm“ﬁUﬂ“ﬁdﬂﬂﬁﬂtﬂﬂﬁﬂ“ﬁ'ﬂﬂﬁ:. NSANITHS
wszanWusussmnPofuTiedu ﬁlﬁnwsm’%mtﬁuhuazqnmnwfm’iﬁn’h'nﬁmau SRR
mMsliulysnmnnlasitniaei Todumrdafisndudasriinmsinm iR IWaIuILER:

mmsnl'&’ﬂs:‘[umia’mmuﬁuq"u'luﬂ?:mﬁ'lnmia'lﬂ
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Gracilaria fisheri

6T P1 R’ = 0.5268, n = 40

10T P2 R*=0.1601,n = 40

Growth rate (%day™)
5

J FMAM J JASONDJFMAMVJ
1998 Month 1999

ﬂl N - - » » - . . J=I ; ¥ - - * ;’
7UA 5 Sammasiudulavesamiuiu Gracilaria fisheri Maulutsdusssurdlaslfiin
HI9INUINI (P1) uasdimzlasssumd (P2) SIRGILAAUNNTIAY 2541 DINTNHINL 2542,

B O = fiadn, I§uaTIunIag = standard deviation, nsidulasuaaaunihivwaanas

Lﬂﬁumtﬂaoé’ﬂﬁmﬁliﬁ‘ryﬁmfm (fitted polynomial regression growth curve, n = 40)



Gracilaria tenuistipitata

6 P1 R*=0.3495,n = 40
4 i +
2+ - - + . n ‘
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I% _2 4 .
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R?=0.384, o= 40
: 4 4 P2
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JFMAMJJASONDJIFMAMUJJ

1998 Month 1999

-t o - - . L . . e g . - ) e -
VN 6 dannsiiidulauessmsiuin Gracilana tenuistipitata MiALluLiafiusTsuma
'[Glu'l'ﬁ‘l.hﬁqmnmrfa (P1) uazdMZIRFITUT@ (P2) AIUAABUNNTIAY 2541 DsnInginu

. - (% - . v v -
2542 B, 0 = finlady, (fUASILUIAI = standard deviation, nMWiEulAIuaauw Ve

m‘iuﬁl;uuuﬂmﬁ’ﬂﬂﬂﬂita‘%@tﬁutﬂ (fitted polynomial regression growth curve, n = 40)
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1200 - o Gracilaria fisheri
oP2
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800 {
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1000 Gracilaria tenuistipitata

900
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Total production (g wet wt)

500
400
300
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J FMAMUJJ A SONDJFMAMIJ J
1998 1999
Month

4 - 1 Lo 5 - - . - - 4 : 1 .y
Eﬂ'n 7 HARHANTINDBIAIN LU Gracilaria fisheri Wk G. tenuwistipitata Aavalutiedn
ﬁssumﬁiﬂu'liﬂﬂﬁomnmrfo (P1) UazdIMZIassINTIA (P2) fausidisuunsiny 2541 fi9

NN 2542,



Total chlorophyll content (mg g™ tissue)

Gracilaria fisheri Gracilaria tenuistipitata

101  pq R?=0.7264 1.60 T P1 R~ 08754
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1.2 4

100 4 AT +
0.80 i } . + + 0.80 + L *
0.60 4 + ' )}/*/ + 0.60 1/ . + +

0.40 ¢W 0.40 + ‘ + + S

0.20 + 0.20 -

L s L L N S A S S S P S G ) 8 S G S S S S S R
A 8§ O N D J FMAM J J A S 0 N D J F M A
1998 1999 1998 1999
Month Month

: [V . . . e . g \
5U% 8 WRulalsWadsinlumwiuin Gracifaria fisheri Wat G. tenuistipitata Mianalulis
Y '
ausssumalaoltnneanufa (P1) Uz U MELABITUTIA (P2) AIUGdauFInIAL 2541 D

NINZIAN 2542, ® = FALARY, LAUATILKIAI = standard deviation, nTWIEFRIFILEAILUI

TiuvesmsfasuuasuSunmlalsiad (fitted polynomial regression curve, n = 5)



r-phycoerythrin (mg g"* tissue)

Gracilaria fisheri Gracilaria tenuistipitata
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glJ'n 9 13Ut r-phycobilin lumwﬂuqu Gracilaria fisheri Us: G. tenuistipitata Mavaluyia
durssumalasldiinanuids (P1) uasdmzasTsuma (P2) ssusdaudoning 2541 fig
NINJHIAU 2542 © = FURRL, IFUATILUING = standard deviation, nWiFulFsuaEaIuun

ThuweInsitaunuastiuim r-phycobilin (fitted polynomial regression curve n = 5)
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S aef 3 USRI ANUENIIMUN WY I TURENAIINE WL TU Gracilaria fisheri uas
q

a4 - a7 P . . -
G. tenuistipitata 'nLauo'lw.uaaumswmﬂmmmmnmQaua:mn:mﬁsmmm

Jundewil Agar yield Gel strength  Viscosity Gelling Maelting Moisture
(%) glem’ (cps) temperature (°C) temperature (°C) content (%)
GT 1
30 9.0, 41 33.49 507 .1 39 46.0 90.0 15.74
28 W.u. 41 39.28 514.0 24 456 85.0 17.20
29 5.9 41 3513 562.4 26 45.4 89.8 16.70
30 u.9. 42 32.59 5562.6 30 46.0 91.0 15.10
GT 2
30 a9, 41 36.13 543.9 21 47.4 90.1 14.76
29 W.¢9. 41 36.98 573.6 19 445 91.1 15.90
29 5.%. 41 36.55 5947 21 48.8 90.8 16.86
30 u.e. 42 34.97 586.8 20 493 92.0 14.00
GF1
30 aa. 41 37.44 587.8 21 47.8 82.7 17.00
29 W.b. 41 40.04 556.8 22 a7.1 82.8 17.95
29 5.9, 41 39.99 594.1 25 47.4 82.7 16.40
30 .. 42 38.90 518.6 23 48.8 81.9 15.80
27 NN, 42 42.13 555.8 26 48.1 82.9 16.60
27 d.9. 42 37.87 585.8 31 47.6 83.3 18.20
24 n. s 42 44 .96 7401 27 46.3 87.0 16.20
GF2
30 f.a. 41 36.70 591.8 23 46.0 84.0 16.18
29 .o, 41 36.13 609.8 21 46.3 83.6 16.99
29 5.9, 41 41.25 628.4 21 48.0 83.1 16.96
30 u.a. 42 42.26 573.2 20 47.4 82.9 16.34
27 NN, 42 41.60 599.9 21 47.6 83.2 17.67
27 §1.9. 42 43.48 529.6 23 48.0 82.0 15.61
24 n.9. 42 44.13 638.9 17 46.4 83.7 15.85
Bacto Agar - 1104.5 14 39.3 89.8 -
PAC - 900.1 26.7 46.7 89.9 -
Junruiadan - - 23.3 50.8 93.7 -

. R . oA . od
wuuwe  GT = Gracilania tenuistipitata, GF = Gracilaria fisheri, 1 = ugn 1, 2 =1an 2
&
aulﬁmaoiﬁmﬂ:ﬁnﬁumﬁuunu laboratory grade agar: Bacto Agar uaz PAC (IMNUTENIUUTING),

- g L w A i
food grade agar, JuHINTTWINIEN (@il - = lidvays



Canvan 4 autEnmaeiineaiwianaannawinuiu Gracilaria fisheri waz G. tenuistipitata

P g . - - Y & [ : -
maualuuaﬂuﬁsmmﬂmummmnmquua:mﬂ:taﬁ‘smmm

AL JwndonAl Total carbohydrate (%)  Sulfate content (%} 3,6-AG (%)
GT1 30 ai.e. 41 37.66 0.71 19.16
29 W.th. 41 411 0.75 22.22
29 5.9 41 39.77 0.77 19.05
30 .91 42 37.69 0.76 15.04
GT 2 30 a0, 41 38.89 0.63 21.9
29 W.u. 41 39.19 0.64 20.3
29 5.9 41 39.39 0.63 19.05
30 1.9, 42 40.89 0.63 17.35
GF1 30 91.9. 41 42.07 0.85 20.94
29 w.1. 41 41.37 0.79 15.87
29 5.9. 41 41.88 0.88 22.07
30 w.A. 42 39.65 0.80 19.83
27 N.w. 42 41.16 0.83 17.96
27 dl.a. 42 42.75 0.84 23.97
24 n.a. 42 46.09 0.69 28.32
GF2 30 .9 41 4264 0.76 22.15
29 w.u. 41 41.07 0.77 23.54
29 5.9. 41 42.4 0.75 23.97
30 w.n. 42 40.61 0.76 17.43
27 NLW. 42 40.35 0.76 23.05
27 4.91. 42 41.9 0.86 26.62
24 n.a. 42 45.01 0.62 21.23
non alkali treatment - 3.36 14.48
Bacto Agar - 1.54 25.87
PAC - 0.62 30.72
TuaTunadan - 0.61 28.61

. : | .
WUILWR  GT = Gracilania tenuistipitata, GF = Gracilaria fisheri, 1 = uan 1, 2 = van 2,
_—
non alkali freatment = 'i'uanﬂa'm G. fisher,
auun'um':mmﬂmuﬁ'uumuunu laboratory grade agar: Bacto Agar uaz PAC (31N
U?Bn'mu-m'nﬁ) food grade agar: ‘mw\mﬂu‘lowan (ﬁaa‘mﬂuﬂ‘mﬂﬂ) -= 'l:.ln'ua'.ua
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LONAS019D9

nsufAaNINs. anansMszninsanavedsanalneil 2537-2539.

3253559 FV¥NIANG uas a3t WIUZNET, 2537, MITANBINSHRAVEITIMTILLITINING
(Gracilana changii Xia & Abbott) Abbott, Zhang & Xia ﬁl.'érmluﬂ AU, LANRITITINS
neawIziRpIRa NmEda nsuYssue atufl 2002537, 18 it

Trssod RIvNIAnG, yry® 0 usr a3 HA30, 2538 MaBnsEmmIbNLwI, Gracilaria
fisheri (Xia & Abbott) Abbott, Zhang & Xia, WLUNANRAZIlULBFL. oA TITINS
neawsanIFa ey nsutlssue atud 582538, 25 with,

American Public Health Association, American Water Works Association & Water Pollution
Control Federation (APHA, AWWA & WPCF), 1980. Standard method for the
examination of water and waste water, 15" ed. APHA. Washington D. C. 1134 pp.

Asare, S.0., 1980. Seasonal changes in sulphate and 3,6-anhydrogalactose content of
phycocolloids from two red algae. Bot, mar. 23:595-598.

Bird, K.T., M. D. Hanisak & J. Ryther, 1981 Chemical quality and production of agars
extracted from Gracilaria tikvahiae grown in different nitrogen enrichment conditions.
Bot. mar. 24: 441-444,

Bird, K.T., J. H. Ryther, 1990. Cultivation of Gracilaria verrucosa (Gracilariales, Rhodophyta)
strain G-16 for agar. Proc. Int. Seaweed Symp. 13:347-351.

Chirapart A. & M. Ohno, 1993a. Growth in tank culture of species of Gracilaria from the
southeast Asian waters. Bot. mar. 36:9-13.

Chirapart A. & M. Ohno, 1993b. Seasonal variation in the physical properties of agar and
biomass of Gracilaria sp. (chorda type) from Tosa Bay, southern Japan.
Hydrobiologia 260/261 (Dev. Hydrobiol. 85):541-547.

Chirapart A., M. Ohno, M., Sawamura & H. Kusunose, 1994. Effect of temperature on
growth rate and agar aquality of a new member of Japanese Gracilaria in Tosa Bay,
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Abstract

Growth rate determinations of the Thai agarophytes, Gracilaria fisheri (Xia et Abbott)
Abbott, Zhang ef Xia and G. tenuistipitata Chang et Xia var. tenuistipitata Chang er Xia,
were conducted by monoline method in natural earthen ponds (800 m” in area) using
shrimp pond effluents (P1) and ambient seawater (P2), from January 1998 to July 1999
Generally, plants of both species cultured in P1 showed a better growth rate and total
production than those cultured in P2. Growth rates and total production of the Gracilaria
cultured in P1 increased in the rainy months and reached a maximum value of 3.08 + 1.14
%d"’ for G. fisheri and 2.68 £ 1.76 %d" for G. tenuistipitata in Jar{uary 1999 In
contrast, growth of both species cultured in P2, projected a slight change in their growth
rates, with a maximum value of 1.85 + 1.00 %d™ for G. fisheri and 1.70 + 0.49 %d"' for
G. tenuistipitata attained in the rainy period (August 1998). All plants of (i. teruistipitata
declined drastically in the following dry season. Total production of G. fisheri and G.
tenuistipitata cultured in P1 showed the highest value of 1000 g wet wt and 961 g wet wt
in January 1999, respectively. Plants of both species showed fluctuation in growth and
total production, depending on specific cultured conditions of each pond, algal strain
used, and on the season. The results suggest that G. fisheri can be grown all year round

and is more suitable than G. tenuistipitata for earthen pond cultivation using shrimp pond

effluents.



Introduction

Thailand is an entirely tropical monsoon country, pronounced wet and dry seasons
characterize the climate. The rainy season of the south-west monsoon is usually
established from May to September, whereas the dry season of the north-east monsoon
begins tn November and ends in February (Lewmanomont, 1998). Characteristics of the
coast of Thailand are mainly mangrove swamps and muddy to sandy beaches.

In the past few years, intensive cultivation of shrimp has expanded considerably in
many coastal areas of Thailand. The activities of shrimp cultivation are almost throughout
the year, except for the cold months (December and January). The increase of the
intensive farm activities have affected the coastal environment of the country. This is
because waste waters from the sea farms usually contain large amounts of nitrogen being
excreted by shrimp into the water. Several investigations have considered the nutrient-rich
effluents as a nitrogen source in mariculture (Vandermeulen & Gordin, 1990; Haglund &
Pedersén, 1993; Jiménez del Rio ef al., 1996, Yamasaki ef ai., 1997). They suggested that
available nutrient-rich effluents could enhance the growth of marine algae.

Integrated cultivation of the Thai agarophyte Gracilaria fisheri with fishes has
been attempted in outdoor tanks and ponds (Singthaweesak, 1995; 1996). However,
production of the agarophyte has not been successful. There have been very few reported
on seaweed growth in Thailand, particularly on its seasonal changes in relation to
environmental factors. The present study was carried out to ascertain vanations in growth
of the Thai agarophytes, Gracilaria fisheri (Xia et Abbott) Abbott, Zhang ef Xia and G.
tenuistipitata Chang et Xia var. tenuistipitata Chang et Xia cultured under natural earthen
pond conditions, using shrimp pond effluents and ambient seawater. Annual growth and
production of the algae with changes in environmental conditions, and their chemical

compositions (chlorophyll, r-phycoerythrin, C:N ratio) were determined.



Materials and Methods
Natural earthen pond cultivations and plant material
Seaweed cultivation was conducted in natural earthen ponds at the Phetchaburi Coastal
Aquaculture Station, Phetchabun province (lat 100° 05’15 E, long 13° 02°30” N), 250
km south of Bangkok, Thailand. Two ponds (P1 and P2), originally constructed for
cultivation of fish, were used in the experiments. The ponds were 800 m” in area and 150
cm deep. The seawater supply was from an extensive shnmp culture pond and from
ambient seawater. In experiment 1 the shrimp pond effluents of 350 m* were filtered with
a net (2 mm mesh size) and mixed with 650 m’ of ambient seawater in P1. In experiment
2 the ambient seawater of 1000 m’ was pumped directly through the filter net into P2.
Aeration was provided with high-flow compressors supplying air to the different ponds,
each having six PVC pipes (10 m length) with outlet, and placed in an interval of 1 m on
the bottom. The water exchanges of 70% volume were conducted every 7-14 days.
Gracilaria fisheri (Xia et Abbott) Abbott, Zhang er Xia and . tenuistipitaia
Chang er Xia var. tenuistipitata Chang et Xia were collected from Pattani Bay, in the
south-east coast of the Gulf of Thailand. Plants were pre-cultivated by monoline method
(Trono, 1987) under both pond conditions as mentioned above, for 6 months prior to the
start of the experiments. Fifty algal samples (5-10 g sample") were mnserted between the
braids of the nylon rope (10 m length) at an interval of 15 cm sample™. Pre-culture and
culture experiments were performed in the ponds with imtial stocking weight of 500 and
250 g wet wt rope‘l or 5.0 and 2.5 kg wet wt pond", respectively, at 100 cm water depth.

Algae were suspended in the water column at 15 cm above the muddy bottom.



Harvesting, growth rate and production
Cultivars were harvested every 7-14 days and re-stocked to the same initial weight.
Relative daily growth rates were calculated according to the equation (Penniman ef al.,
1986):

RGR = {(Wit Wo)' " -1} x 100.
where RGR = relative daily growth rate. Wo = initial fresh weight; #r = final fresh weight;

and ¢ = time (days). Total production of the algae in g fresh wt was monitored monthly.

Laboratory analyses

During the experiments. determination of surface seawater temperature, salinity, turbidity,
alkalinity, PO4-P and total dissolved inorganic nitrogen (ammonia + nitrite + nitrate) were
made every working day as one point measurements. Water temperature and salinity were
measured using an alcohol thermometer, and refracto-salinometer, respectively. Turbidity
of the seawater was recorded at 420 nm with a spectrophotometer (Shimadzu UV-1601).
Alkalinity and ammonia-N were determined according to APHA, AWWA & WPCF
(1980) and PO,-P, NO;-N and NO»-N according to Strickland & Parsons (1972).
Determinations of nitrogen and organic carbon concentration, and C:N ratio in the aigal
tissue were performed with method described by Walsh & Beaton (1973). Samples of
fresh material were analyzed for total chlorophyll (Mackinney, 1941) and for r-

phycoerythrin (MacColl & Guard-Fnar, 1987).



Results

The chemical and physical characteristics of the surface seawater in both experiments are
shown in Table 1. Annual temperature of surface seawater in both P1 and P2 ranged from
18°C in the late rainy season (September) to 35°C in the dry season (April). Salinity
generally varied from 20 %o to 35 %o in both P1 and P2, but increased drastically (36-45
%o) during dry periods. Turbidity varied from 14.60 to 162.22 mg I in Pl and 13.31 to
8123 mg 1" in P2. In the natural earthen pond, total dissolved inorganic nitrogen (DIN)
concentration was generally higher in P1 than in P2 with values ranging from 0.02-2.55
mg I'' in P1 and 0.02-2.53 mg I"' in P2. PO,-P concentration was from 0.00-0.06 mg I'* in
P1 and 0.00-0.40 mg I"* in P2. Alkalinity ranged from 53-296 mg I'' in P1 and 52-255 mg
I in P2.

Cultivars of Gracilaria fisheri and G. tenuistipitata showed fluctuation in their
growth rates throughout the year (Figs 1, 2). Both agarophytes exhibited varations in
growth depending on season, algal strain and specific culture conditions of each pond.
Growth of the agarophytes was rather low at the beginning of culture period (January-
April 1998), and continued to worsen during unusual dry period due to El Nino,
increasing water salinity (>45 %o) and temperature (>30°C). Cultivars grew again when
water salinity and temperature decreased dunng rainy (August 1998) and cold months

(November 1998-January 1999).

Higher growth rate of Gracilaria cultured in P1, as indicated by the fitted
polynomial regression line, was obtained in the rainy period (August-October 1998) when
salinity was between 20-28 %o in P1 and 20-30 %o in P2. A maximum value for G. fisheri
(3.08 = 1.14 %d™; ¥ = 0.53; n = 40) and for G. fenuistipitata (2.68 + 1.76 %d™"; r* =
0.35; n = 40) was reached in January 1999. Conversely, the regression growth curve of

the Gracilaria cultured in P2 indicated a peak of maximum growth rate for G. fisheri
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(1.85 £ 1.00 %d’, r* = 0.16. n = 40) and for G. renuistipitata (1.70 + 0.49 %d’ P =
0.38, n = 40) in the rainy season (August 1998) Growth of both species decreased
gradually, then drastically when water salinity exceeded 35 %00, temperature over 30°C and
alkalinity of >160 mg I'. G. Sisheri cultivars could grow and acclimatize to the new
culture conditions, but not for . renuistipitata.

Total production (Fig. 3) of cultivars in P1 obtained higher value than those in P2.
Gracilaria fisheri showed the hughest production of 1000 g wet wt (P1) and 777 g wet
wt (P2) in January 1999 while those of G. tenuistipitata were 936 g wet wt in August
1998 (P2) and 961 g wet wt in January 1999 (P1). However, production of the algal wet
weight was higher in P2 than in P! during the early part of the study (January- September
1998).

Total chlorophyll content (Fig. 4) was higher for the culttvars in P1 than those in
P2. The value for Gracilaria fisheri ranged from 0.25-1.19 mg g™ tissue in P1, 0.27-0.97
mg g tissue in P2, and for G. tenuistipitata, 0.35-1.37 mg g’' tissue in P1 and 0.28-1.29
mg g tissue in P2. The maximum values were obtained in the summer month of March
1999. The content of r-phycoerythrin (Fig. 5) in G. tenuistipitata increased during rainy
and early cold months, and gradually decreased further towards summer. The polynomial
regression curve of (. fisheri and G. tenuistipitata indicated the content of r-
phycoerythrin to be in correspondence with the growing period of the algae.

Changes in the tissue C:N ratios of Gracilaria fisheri and G. tenuistipitata are
illustrated in Fig. 6. The C:N ratio in G. fisheri ranged from 7.51-40.26 in P1 and 9.54-
51.74 in P2, and in G. tenuistipitata from 5.51-14.90 in P1 and 6.35-19.03 in P2 These
ratios in both species were generally lower in P1 than in P2, which corresponded to the
higher growth of the plant cultured in P1. However, relationship between the tissue C'N

ratios, nutrient and growth rate was not clear among the Gracilaria species.



The main interfering eptphytes in our experiments were the blue green alga,
Lyngbya majuscula, the green algae, Enteromorpha clathrara, Chaetomorpha crassa,
and Cladophora prolifera, the seagrass, Ruppia maritima and other animals (e.g. tube
worm, copepods). They proliferated on the Gracilaria and on the bottom of the culture
ponds. The epiphytes entangled. entrapped and caused the Gracilaria to float, making the
plants vulnerable to the high surface summer temperatures. The other animals also

entrapped and damaged to tissue of the Gracilaria.

Discussion

Growth rate and chemical compositions of Gracilaria spp. in outdoor cultures have been
reported as a function of salinity, temperature, irradiance. nitrogen and phosphate
concentration, plant density, rate of water exchange, aeration, pH and inorganic carbon
supply (Lapointe & Ryther, 1979; Lapointe, 1981, 1987, Friedlander ¢/ af., 1991;
Friedlander et a/., 1993; Gonen et al., 1993). Positive correlations between growth rates
and nitrogen content have been shown in outdoor cultivation tanks of other Gracilaria
species (Haglund & Pedersén, 1993, Jiménez del Rio er al., 1996, Yamasaki er al., 1997).
With respect to the present study, growth rates of G. fisheri and G. ienuistipitaia
increased in response to the effluents from extensive shnmp culture pond. The C:N ratio
indicated available nutrient in the shrimp pond effluents sufficient for growing the Thai
agarophytic Gracilaria. This result seems to have no N-limitation effect on the algal
growth under the natural earthen pond conditions. Lower C:N ratios obtained in the
tissues of both Gracilaria species in P1 than in P2, could be caused by the accumulation
of nitrogen compounds in the tissues of plants which 1s related to higher nutrient-N in P1
(Friedlander & Levy, 1995). Tissue C:N ratio of about 6 indicated good growth in

Gracilaria secundata grown at 25°C under laboratory conditions in Uppsala, Sweden



(Lignell & Pedersen, 1987). However, a C:N ratio of about 29 had been reported as an
indicator of normal growth of Kappap/ycus alvarezii in the open sea cultivation (Rui et
al., 1990). A ussue C:N ratio in G. tthkvahiae higher than 13.5 has been suggested as a
sign of nitrogen deficiency which reduces growth (Hamisak, 1987). Friedlander er a/.
(1991) reported that the C:N ratio had an inverse relationship with the ammonium
concentration of the culture medium and with growth rate. Under the natural earthen
pond conditions, however, the tissue C:N ratio of each Gracilaria species was not clearly
related with the growth rate. An increment in growth rate and total production of the
Gracilaria species in P, observed in January 1999, could be caused by increments in
DIN concentration during that perniod In addition, higher production of the algae in P2
than in P1 obtained during the early period of culture (January-September 1998). may be
caused by lower turbidity of the seawater used (higher light intensity) in P2 than in P1
associated with interrupted aeration in P1L.

Furthermoe, variations in the growth and population of both Gracilaria species
were also dependent on season and strain of the algae. Similar results had been reported
in long-term experiments in outdoor culture of Gracilaria verrucosa strain G-16 in
Florida (Bird & Ryther, 1990), G. conferta in lsrael (Levy et al., 1990), and G.
tenuistipitata in Sweden (Haglund & Pedersén, 1993). Difference in pigment composition
of the Gracilaria cultured in P! and P2 likelv arose in response to changes in
environmental conditions (Fredriksen & Rueness, 1989). Although there may be general
trends in growth due to seasonal changes in climatic factors, there also appears to be
exceptions. Markedly higher growth rates were found in some months (Figs 1, 2).

probably due to the better growth of the freshly re-stocked samples after the older algae

had declined in growth during the dry periods.



Weekly fluctuations in growth of Gracilaria fishert and G. temustipiiara may also
be explained by the competitive growth of epiphytes (Hanisak. 1987 Friedlander er a/..
1991). In addition, reduction in the growth rate and production of the algae may be
caused by extremes in salimity, temperature and alkalinity, in dry periods. A weekly
addition of seawater and low rate of water exchange in some months, during growing
period. may also be insufficient to maintain growth in the summer However, a previous
report by Vandermeulen & Gordin (1990) showed that continuous waste water tlow
through had not provided better growth of {//va in culture tank

These present results provide further evidence that the Thai agarophytes can be
grown under natural pond conditions using shrnmp pond effluents all year round.
Gracilaria fisheri showed a better growth, suggesting that this species could be more
suitable than G temuistipitata for outdoor cultivation in Thailand. However G.
tenuistipitata can be cultivated under natural pond conditions for 6-7 months of the year.
Growth of the algae may potentially be improved by a higher rate of water exchange as

mentioned by Freidlander & Levy (1995).

Acknowledgments

This research was supported by a grant from the Thailand Research Fund (no.
PDF/69/2540). The authors wish to thank the Phetchabun Coastal Aquaculture Station
for the permission to work in the station, the staff of the Fishery Genetic Section at the
Phetchaburi Coastal Aquaculture Station for all their help with field work and laboratory

support. We also thank the graduate students, Miss Jittima Mankit and Miss Nidsaraporn

Pugdeepun for assistance in the experiment work.

10



References

American Public Health Association, American Water Works Association & Water Pollution
Control Federation (APHA, AWWA & WPCF), 1980. Standard method for the
examination of water and waste water, 15" ed. APHA. Washington D.C. 1134 pp.

Bird, K. T. & J. H. Ryther, 1990. Cultivation of Gracilaria verrucosa (Grécilariales,
Rhodophyta) strain G-16 for agar. Proc. Int. Seaweed Symp. 13: 345-351.

Fredriksen, S. & J. Rueness, 1989, Culture studies of Gelidium latifolium (Grev.)

Born et Thur. (Rhodophyta) from Norway. Growth and nitrogen storage in response to

varying photon flux density, temperature and nitrogen availability. Bot. mar. 32: 539-546.
Friedlander, M. & 1. Levy, 1995. Cultivation of Gracilaria in outdoor tanks and ponds.

J. appl. Phycol. 7: 315-324.

Friedlander, M., M. D. Krom & A. Ben-Amotz, 1991. The effect of light and ammonium
on growth, epiphytes and chemical constitutents of Gracilaria conferta in outdoor
cultures. Bot. mar. 34:161-166.

Friedlander, M., C. Dawes & 1. Levy, 1993. Exposure of Gracilaria to various environmenta!
conditions, 1. The effect on growth. Bot. mar. 36: 283-288.

Gonen, Y., E. Kimmel & M. Friedlander, 1993. Effect of relative water motion on
photosynthetic rate of the red alga Gracilaria conferta. Proc. Int. Seaweed Symp.

14: 493-498.

Haglund, K. & M. Pedersén, 1993. Qutdoor pond cultivation of the subtropical marine red
alga Gracilaria tenuistipitata in brackish water in Sweden. Growth, nutrient uptake,
co-cultivation with rainbow trout and epiphyte control. J. appl. Phycol 5: 271-284.

Hanisak, M. D, 1987. Cultivation of Gracilaria and other macroalgae in Florida for
energy production. In K. T. Bird & P. H. Benson (eds), Seaweed Cultivation for

Renewable Resources. Elsevier, Amsterdam: 191-218.

1M



Jiménez del Rio, M. , Z. Ramazanov & G. Garcia-Reina, 1996. {/iva rigida (Ulvales,
Chiorophyta) tank culture as biofilters for dissolved inorganic nitrogen from fishpond
effluents. Proc. Int. Seaweed Symp. 15: 67-73.

Lapointe, B. E., 1981, The effects of light and nitrogen on growth, pigment content, and
biochemical composition of Gracilaria foliifera var. angustissima. J. Phycol . 17: 90-95.

Lapointe, B. E., 1987. Phosphorus and nitrogen limited photosynthesis and growth of
Gracilaria tikvahiae in the Florida Keys: an experimental field study. Mar. Biol,,
93:561-568.

Lapointe, B. E. & J. H. Ryther, 1979. The effect of nitrogen and seawater flow rate on
the growth and biochemical composition of Gracilaria foliifera var. angustissima
in mass outdoor culture. Bot. mar. 22: 529-537.

Levy, I, S. Beer & M. Friedlander, 1990. Growth, photosynthesis and agar in wild-type
strains of Gracilaria verrucosa and G. conferta (Gracilanales, Rhodophyta), as a strain
selection experiment. Proc. Int. Seaweed Symp. 13: 381-387.

Lewmanomont, K., 1998. The seaweed resources of Thailand. In A T. Critchley & M. Ohno
(eds), Seaweed Resources of the World. Japan International Cooperation Agency,
Yokosuka, Japan: 70-78.

Lignell, A. & M. Pedersén, 1987. Nitrogen metabolism in Gracilaria secundata Harv.

Proc. Int. Seaweed Symp. 12: 431-441.
MacColl, R. & D. Guard-Friar, 1987. Phycobiliprotein. CRC Press, Flonida. 218 pp.
Mackinney, G., 1941. Absorption of light by chlorophyll solutions. J. Biol. Chem.

140: 315-322,
Penniman, C.A., A.C Marthieson. & C. E. Penniman, 1986. Reproductive phenology and

growth of Gracilaria tikvahiae McLachlan (Gigartinales, Rhodophyta) in the Great

Bay Estuary, New Hampshire. Bot. mar. 24:147-154.

12



Rui, L, L. Jiajun & C.Y. Wu, 1990. Effect of ammonium on growth and carrageenan
content in Kappaphycus alvareziii (Gigartinales, Rhodophyta). Proc. Int. Seaweed
Symp. 13: 499-503.

Singthaweesak, W., 1995. Polyculture of agarophyte, Gracilaria fisheri (Xia & Abbott)
Abbott, Zhang & Xia, with red tilapia, Oreochromis niloticus (Linn.) in cement tanks.
Technical Paper no. 57, Chanthabun Coastal Aquaculture Development Center,
Department of Fisheries. 30 pp. (in Thai)

Singthaweesak, W_, 1996. Effects of harvesting period and density on production of
agarophyte, Gracilaria fisheri (Xia & Abbott) Abbott, Zhang & Xia, cultured in
seabass tanks. Technical Paper no. 2, Chanthabun Coastal Aquaculture Development
Center, Department of Fisheries. 19 pp. (in Thai)

Strickland, J. D. H. & T. R. Parsons, 1972. A practical handbook of sea water analysis,
2™ ed. Fisheries Research Board of Canada Bulletin No. 167, Ottawa. 310 pp.

Trono, G.C. Jr., 1986. Seaweed culture in the Asia Pacific region. RAPA Publication 1987/8.
Regional Office for Asia and the Pacific (RAPA), Food and Agriculture Organization
of the United Nations, Bangkok, Thailand. 41 pp.

Vandermeulen, H. & H. Gordin, 1990. Ammonium uptake using Ulva (Chlorophyta)
in intensive fishpond systems: mass culture and treatment of effluent. J. appl. Phycol.
2: 363-374.

Walsh, L. M. & J. S. Beaton, 1973. Soil testing and plant analysis. Soil Science Society of

America, Inc. Madison, Wisconsin, USA. 491 pp.
Yamasaki, S., F. Ali & H. Hirata, 1997. Low water pollution rearing by means of

polyculture of larvae of kuruma prawn Penaeus japonicus with a sea lettuce Ulva pertusa.

Fisheries Science 63: 1046-1047.

13



Table 1 Chemical and physical characteristics of the seawater used for cultivation of Gracilaria fisheri and

G. tenuistipitata in natural earthen ponds from January 1998 10 July 1999. P1= shrimp pond effluents,

P2 = ambient scawater.

Date  Temperature (°C) _ Salinity (%) Turbidity (mg17)  Alkalinity (mg I") POs-P(mgl’) DIN(mglh
Pl P2 Pl P Pl P2 Pl P2 Pl P2 PI__P2
1998 Jan. 307 310 310 as0 - - 81 110 001 001 024 022
Jen. 310 310 31.0 34.0 - - 77 127 .01 0.01 021 021
Feb. 300 310 30.0 330 - - 116 170 0.01 0.02 024 0.16
Feb. 310 29.0 31.0 320 - - 131 118 000  0.01 022 020
Feb. 320 320 350 400 - 160 173 005 003 0.5¢ 0.20
Feb. 29.0 29.0 380 400 - - 167 178 005 o002 033 014
Mar. 310 310 28.0 320 - 296 243 0.03 0061 018 019
Mar, 310 250 320 320 - - 241 232 004 004 018 0.16
Mar. 330 33.0 340 38.0 - - 198 217 003 002 6.18 0.13
Apr. 350 340 26.0 27.0 - - 24 255 002 002 029 020
Mnay 345 340 340 30.0 - 147 234 004 002 033 (022
May 340 350 280 26.0 - - 146 227 003 002 0.36 0234
Jun. 330 325 300 27.0 - - 148 204 0.04 004 041 0.36
Jm. 330 325 260 30.0 - - 155 153 .06 0.05 0.44 019
Am. 330 323 20.0 34.0 - - 182 119 003 005 145 029
JbL 320 330 220 30.0 - - 146 110 .06 004 037 026
il 310 300 350 31.0 - - 158 144 006  D.05 0.78 0.23
Jul 340 iso 5.0 300 50.57 14.54 150 169 0.06 0.05 0.50 020
Jal 320 31.0 29.0 350 +4.91 14,77 7 103 0.04 0.07 220 253
Aug, 300 30.0 250 30.0 49.87 13.31 125 132 005 005 0.5 0.50
Ang 300 31.0 25.0 290 50.39 24.53 160 135 005 004 0.18 0.15
Ang 210 210 20.0 210 109.31 31.12 89 100 0.0z 002 028 125
Ang. 250 25.0 230 250 39.56 47.53 120 125 002 002 029 020
Sep. 190 15.0 28.0 220 54.54 43.39 131 12% 006 004 1.30 0.26
Sep. 190 18.0 25.0 270 38.89 23.53 97 91 002 002 022 0.21
Sep. 23,0 220 250 25.0 38.07 14.77 143 126 002 003 027 022
Sep. 310 310 25.0 28.0 40.47 2832 143 150 002 003 0.16 0.17
Sep. 310 320 250 27.0 3766 2336 109 155 002 003 0.29 011
Sep. 310 320 240 230 52.61 4491 124 143 002 002 032 0.18
Oct. 320 320 260 20.0 29.26 39.33 113 110 004 0.05 020 017
O 290 31.0 20.0 23.0 2715 16.29 94 150 0.0 0.01 0.14 026
Oa 290 300 20.0 26.0 43.50 36.26 63 80 001 001 0.13 016
Nov. 2990 29.0 200 30.0 2581 37.20 99 141 0.01 2.01 0.23 0.11
Nov. 260 26.0 25.0 30.0 14.60 36.13 86 93 001t 001 0.15 012
Dec. 320 32.0 25.0 30.0 21.55 40.29 53 124 0.01 .00 015 0.14
Dec. 300 300 250 30.0 33.29 39.01 85 71 0.00 0.01 012 0135
Dec. 270 27.0 27.0 30.0 32.33 39.94 117 110 000 000 011 0.50
Dec. 240 24.0 26.0 33.0 40.12 41.64 82 85 0.00 0.00 0.1t 0.4
1999 Jan. 340 340 30.0 35.0 40.41 56.00 153 166 001 001 G.14 0.12
Jan. 330 33.0 320 35.0 41.11 69.84 33 128 0.00 0.00 255 031
Feb. 30.0 30.0 34.0 37.0 73.99 81.23 92 105 0.00 0.0 0.42 046
Feb. 31.0 310 33.0 370 80.94 7282 85 60 000 040 0.39  0.40
Mar. 30.0 30.0 35.0 40.0 110.36 23.18 71 52 000 0.00 0.41 081
Mar. 280 27.0 40.0 44.0 129.17 43.74 121 100 000 0.00 0.40 037
Apr. 320 320 35.0 40.0 162.22 68.79 165 108 0.00 0.00 0.07 0.09
Apr. 300 300 40.0 45.0 19.08 47.18 160 121 0.01 000 0.05 0,04
May 290 29.0 35.0 350 34.16 26.48 160 126 0.00 0.00 0.04 027
Jom 300 30.0 38.0 40.0 46.48 61.14 77 105 000 000 0.02 002
hm.  29.0 29.0 40.0 37.0 45.02 60.96 100 ¢ 000 0.00 0.02 002
Jun. 350 350 40.0 38.0 25.58 69.66 139 112 001 000 0.1t 012
hm 300 32.0 37.0 420 38.89 72.53 146 116 001 001 012 0.14
Jul 335 34.0 35.0 380 34.69 70.60 133 106 001 0.00 0.11 009
Jut 300 30.0 350 3s0 29.02 4730 135 120 001 00! 023 o008
Jul 320 310 320 13.0 3229 342 135 118 001 001 ¢.14  0.06
Jul. 320 320 36.0 40.0 35.68 3428 130 123 0.01 0.01 008 0.06
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Figure 1. Mean growth rate (£ SD) of Gracilaria fisheri cultured in natural earthen
pond conditions using shrimp pond effluents (P1) and ambient seawater (P2) from
January 1998 to July 1999. The growth curve (solid line) is best fitted using the
polynomial regression (n = 40).

Figure 2. Mean growth rate (= SD) of (Gracilaria tenuistupitara cultured in natural
earthen pond conditions using shrimp pond effluents (P1) and ambient seawater (P2)
from January 1998 to July 1999. The growth curve (solid line) is best fitted using the

polynomial regression (n = 40).

Figure 3. Changes in the total production of Gracilaria fisheri and G. tenuistipitata
cultured in natural earthen pond conditions using shrimp pond effluents (P1) and

ambient seawater (P2) from January 1998 to July 1999,

Figure 4. Mean total chlorophyll content {(x SD) of Gracilaria fisheri and G.
tenuistipitata cultured in natural earthen pond conditions using shnmp pond effluents
(P1) and ambient seawater (P2), from August 1998 to July 1999. The overall pattern
of changes in total chlorophyll content (solid line) is best fitted using the polynomial

regression (n = 5).

Figure 5. Mean concentration of r-phycoerythnin (£ SD) in Gracilaria fisheri and G.
tenuistipitata cultured in natural earthen pond conditions using shrimp pond effluents
(P1) and ambient seawater (P2), from August 1998 to July 1999. The overall pattern
of changes in concentration of r-phycoerythnn (solid line) is best fitted using the

polynomial regression (n = 5).

Figure 6. Tissue C:N ratio in Gracilaria fisheri and G. tenuistipitata cultured in
natural earthen pond conditions using shrimp pond effluents (P1) and ambient seawater

(P2), from August 1998 to July 1999.
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