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## 4572384423 : MAJOR MARINE SCIENCE

KEY WORD : Ecteinascidia thurstoni Herdman, 1891/ TUNICATE / AQUACULTURE
PIYA KOEYSINM: BIOLOGY OF TUNICATE Ecteinascidia thurstoni Herdman, 1891 FOR
AQUACULTURE. THESIS ADVISOR: ASST. PROF. SUCHANA CHAVANICH, Ph.D,
THESIS COADVISOR: VORANOP VIYAKARN, Ph.D. 82 pp. ISBN 974-53-2908-8.

The biology of the colonial tunicate Ecieinascidia thurstoni Herdman, 1891 found in
the Andaman Sea, Phuket Pravince, Thalland was-investigated for culture purpose. This
tunicate produces Ecteinaseidins, which tan be a potential drug for cancer treatment. The
development of E. thurston/ showed that tadpole larvae developed and metamorphosed into
the juvenile stage within 24 hours. The tadpole larvae, which were stimulated for settling with
freshwater showed no difference of settlement on dark and light areas (P>0.05) while those
non-stimulated tadpoles, showed statistically difference (P<0.05). However, there was no
difference on the interagtion between stimulated and non-stimulated tadpole larvae on dark
and light areas of settlement (P>0.05). For rearing experiment, the tadpole larvae could be
raised 14 days in the land-based rearing tank with an average size of 0.27 + 0.02 cm.
However, tadpole larvae in the sea could be raised for 36 days with an average size of 0.82 +
0.06 cm, with an asexual reproduction tock place after 20 days of the settlement. The life
span after settlement of E. thurstoni raised in the rearing tank-and in the sea was 26 and 61
days, respectively. |In addition, stomach content analysis showed that five genera of
phytoplankton were found. These included Gyrosigma sp., Pleurosigma sp., Thalassionema
sp., Guinardia sp., and Chaéfoceros sp. However, there was no difference of organic
contents found in the stomach compared to suspensian organic particles in the sea, using

CHN ratio method.
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(Ocellus) (Thorson, 1964) (gﬂ‘ﬁl 1) Tmﬂgﬂﬂﬂﬂﬂ?wdwﬁm{i’u% (In-current ventral
brachial siphon) LL@Zﬁim{iW@ﬂﬂ (Out-current dorsal atrial-siphon) %QLﬂuﬁmLﬂm@mﬁimﬁ
AIULIUGAYDIANFI

o

o o = o 1 ] ¥ (] dl | dl
ANFNTRINTEN A VANANNTDLLNea NI ua NI U VL@LLﬂ dquiniiluan (Thorax) NUN

b

agwilean dauflidussumafuemsuazedinzmeluludausies (Abdomen) wazdand
Lﬂumummﬁq’lﬂLL@:izuuﬁuﬁuﬁﬁﬁﬂﬂdﬁ postabdomen (Monniot €t al., 1991) Wil
ansuazansauristazgnidnlinialusda (Branchial cavity vse atrium) Taetingin
nead e uﬁ\imﬂﬁuﬁagﬂmm‘tm branchial basket uwazenulifanseinng

819119 8114 Augavinagnduniaeanndestineaan (Campbell, 1999) (3171 2)

a



Motochord

Dorsal, hollow

N 7 b Intastine

Stomach

Atrium
Pharynx with slits

(Mun: campbell et al., 1999)
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519 1. dnwouzlassadieiahlvesindeumieionenssazdngindass (Tadpole larva)
a) TaseaFravialuaedfaaeuumseainuay.

b) Faeaumdeaviauew Ecteinascidia thurstoni Herdman, 1891 ffausngd rose bengal.

Incurrent
siphon to
stomach

Pharynx with
numerous slits

Tunic

Intestine
Esophagus

Stomach

(#iun: campbell et al., 1999)
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b) waeviawax Polycarpa aurata (Quoy and Gaimard, 1834).
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11) 21 dlaendsnieaaniy (g9 23)
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7NN"8

BB |Branchial basket - I%aﬁ"ﬂmmmm@ﬁﬂu@giuﬁﬁﬁ
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Ceratium sp.
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Eucampia sp.
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uanaINi stolon An1aisnutlnegueadenzdmiuEnnIvaNasmwNat19salies sl e

3 o/ a o
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peneaanlilineairailulalailudnanisnl (Nakauchi, 1982; Watanabe, 1988) &4nng

v
o o o

A a d? 1 £ d@l %’/ aa o = o o
Auiuguuuandematuaziiaguetwaeuienislueadin waniiuhlludnsuzimaiuiy
waesiaunanialun A 9T wilulalatl (Satoh, 1994)

sandlasinaay E. turstoni feangde 6 99lus notochord Mifintsuanaudnlallu
g1y FalaeialUnnsuanaLeea notochord AZAATLNIANALNNTUANALURILNULITZAN
(Nerve chord) @swuag Tulwsaaesszunlszamnnansdagnamunuiy  notochord 1l
(Berrill, 1964; Sherrard, 2005) 9191} i@ notochord Bazidulszdanuanauidnun ludquwin
wdazmuuluilszam (Nerve ganglion) sialil Teszusilszamdaulvnjansiadauas
Wt e luafatsnadauraalulszam (Monniot ef al, 1991) wazduiszanay
el lungadiasasenasoyiilugasinde (Thorson, 1964)
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, v~ A A YA e A & \ f = Y
douvnannanaNasuaaieatnsags 19y tunic Nraresnistasdassall Tawuqn fo
gauliinigldlsylamiannasflsznauaad tunic ¥9&u (Monniot €t al., 1991)

e E. thurstoni finnsamnidingszazdesu (Juvenile) ludnsang 24 dalusmdanis
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nsfuanmslaeniansasiuanunatuazduaereudseengnieuanasmanay  luneh
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utlszanaas E. thurston Gulasuudaslidulanatdnuly 33 dalusvdaanis
d - 4 e d 4z . X B .

aune Tnadauadnasetingsailed auanigaeduganisAneiil (72 daluendsnisad
in1y) adalafimnn ldsnglasaieadounidumelusrezil

M WUz Budunasnisaainizaas E. thurstoni aaspdasimuinisaes

o . Loy i Loy A N I 2 . .

wresianania lUnnulneiall Geuandliiiudliasiaauaneiaau WamwIn1ssne)
NUIEBAzNNUIean ueadaaznely Toun a1l nesiwnzeans uar branchial

a o [~1 1 1 dl =S (% I a AI g
basket HWaINNTTRlagNIRaLaa $9:HD4 stolon ARIAIBAUNUUIALALAINNENLAN T
atinslafisN tunic NiatuanFaL9as (Monniot €t al., 1991; Ruppert and Bamnes, 1991;
Campbell, 1999) uanaNtll Wawanigaes B, IUrstoni sawsFusauiusiaufade
(Adult) HeaulndAssiunisfnEaimiuiniszes E. turbinata wusu (Bingham and
Young, 1991; Mendola, 2000)
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NINTANEIABULNGD Iae@N2 1IE eIz LI NAINRLINTT  daitludaaninlun1suaail ad
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2. WOBNFTNNITRILNIZUDIAIDAU

fladendAnyadeilelunisideniunasnizaes B thurstoni Aeuse  wunns
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1 a ‘dld ZJ/ 431 A = o o o o a aa I 1 o v 1
UNNITLTLIUNHLLAININ VNuLuﬂﬂqqﬂN@Qﬂ"JgﬁfUﬂq?@NN@@@Q‘ﬁu@ﬂﬂ@%ﬁluﬁquuq 1@LLﬂ
otolith 38 gravity censor NMWenavduasmeusltiigae waz photolith 38 photo

o o A . | Y D O L g = o > X
receptor V]I‘T]LW@C‘]@U@M@\TW@LL@\T@QW\‘] FIULAEIINULNTENAIVRNB L AVEITNRABIUNL

RNNZILALAIBAUNAUNITALNITYINTY AR INUUAIAANL SN AUgAUEINN1EMAINNS

%

AN U SR FBRA R W NN AN (Thorson, 1964) @alaeilnf Fnaetneaia

3
=

NANAZNANALINUNTNN A4 (Lee, 1984: Forward €t al., 2000) snfundesionanni
prochloron @1AtfaNaE  HB9AINHAINABINIIUANAINIUN9ANINTN  (Hirose, 2004)

v v
UBNANLAIUAT WUINRUBINURTUR NAFaN1a9N1 WA (Mendola, 2000)

= | I Sl : A @ A o & da .
ANNNNALATAMNAIINTBINUEL Tuan N uasadsasniuaniladenilninase

gnsnnsaanny Taa E. o thurstonl  Snnsasimisuuiuingaunsaninnandounadng

aanpdasiun1sfnen lumdeaiavenvanasiin  saude B turbinata  (voung, 1987;
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Bingham and Young, 1991) il ”Lsiwudﬂﬂ@fﬁ"ﬂﬁ"\‘mm'mﬁmmzﬁﬂﬁmmﬂﬁmimﬁmﬁﬁ
Tensnszfudantinamivelisagen E. urstoni asnnz fausaslfiduiwazeninandil
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gaufilignnisnsziin Taduderlumsfneimunnisudannsasnsfianunsaiuunuag
meusinewesiagenlunsanzusazafs el szaznanilFlunisaanizany
sssnanmaee E. thurstoni uax E. turbinata enalfinanlunisaanizlnedasslaiunnsnarii
(Bingham and Young, 1991; Mendola, 2000)
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1
A

FLULALNANLIN NN IHaMNI NN LA AaLNTIFANTH AR WAL TUL N N Feiw i1l
E. turbinata fnnsiAulanumneineis (Duckworth €t al., 2004)
dmsu saauw E. thurstoni fusntdnldidsslunziaanunsonmunldisauiniay
AuUANINNGY 9l uniaiinawuialasnsduiuguuu et Auwasaanisuanie
. = d} dl = o al 1
(Nakauchi,1982; Watanabe, 19888) aniszn1auils nanmsasiananlunziadaunalvny
! X T - ~ ady =
A lusruuaesslulsanwnziastiy Heann UngaNaN I IANN e IINTNANAAINITLA L
A NaNysadnnd lusruLReaeelsamnzaey  (Bingham  and - Walters,  1989;
Duckworth €t al., 2004) ##1e91udn MsmzAENMIaiaen Botryllid Tulszinadiilu
[~1 é’ o dl VY o 1 = % a oA i’/ le/ Adl o
Hunsdeslunzianisudsanniilisageuannismeenluiejimng  fslliveanilade

GasansuaiiiadNanysniaasialall (Saito and Okuyama, 2003)

4. nsAnmteTiavasnisasmilsamzasaezlimea

wiesiavan E. thurstoni aansssuanmfiinanAnsndasdinlulsamisiaesnadn 3
a1gITanns 25 U %'\1Lﬁum\imqﬁz%uﬂfjqﬁm"ﬁmﬂgﬂﬂumL@ﬁ'mmqﬂ?:ﬁmm 60 91 814
LﬁmmmﬂﬁﬁﬂG'ﬁlmﬂ’wm?Lﬁuﬁmﬁuﬁﬁyuﬂum?Lﬁuimmﬁqé@u E. thurstoni  ulsa
MNziae Rl dietinlaladiues B turbinata prusssumianansaaiudeulinese e
Tuiuiisinaiu fuasdenaAn afiuenAsA (Bingham and young, 1991) atie E. turbinata
TusssntnANT9aLsvan 60-90 i (Millar, 1971; Mendola, 2000) ?ﬁlmmﬂé’mﬁumﬂ

v ¥ o

aa4 E. thurstoni lusssugnfiannnisfinenaiaiin 60 1

5. N15ANHNIAIALSENALARIRINIF UL AUATUNS
AMNNITANENASALTENaLTaIR1Y T IUssUUNIaIALaNvngaas E. thurstonl luipan

=

nangIAN IAMIAN 4 Lﬂumﬁm?mﬁqmuﬁm?L@?ﬁcyLﬁuﬁluﬁﬁuﬁmﬁ WLLWAST AR
sanlaezmen 5 Tfn A NUNAsTReURT 16 TRARNLILEIINTNRTIN AT B9
A0AARAINLINITWLUWAITARUNTIATNIN na zpan lunNuALe T s1anItesiaian 5 1iin
1sun Chelyosoma productum, Pyura haustor, Ascidia callosa, Boltenia villosa was
Styela glbbSII %Iximﬁﬂﬂgiuu?mmmqmmmu (San Juan Islands) §398796U (Bingham
and Walters,1989) u@nmnﬁu lunnaiAvenvnsaes E. thurston ﬁqwuﬁqmmmm
AnIBwR LN AENS I TaneTavealnesialianunsafuansuriadifiuanmnsld
(Satoh, 1994) uazqaTnLNAENAUINUz e WuRETUTinLaaTnendesaniy E.

turbinata (Mendola, 2000)
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wnzanuazineanaliuingasioan  (Duckworth,  2004)  wazfiasdnisAILAN

= o 1

AN NUIAFaN T INALALNAUANINLIARANANNETINTIRAE  IHAA8AUNMUINNTITIUED
1 o 1 dl al o [~ U dgll dl U = o dal a
aauszazdiuuaaauandusasmnenunlivunzay  Aspasinhl@senusssnans

nziasiall ludneuzaedn1sin sea ranching eaniloymizasnisifanmsuaznisseng

¥
=

WUN

b

| = o | = ' a o o A A ' a
@EI'}\‘IVL?WHN ﬂ\‘iﬂ\‘]WQ?Nﬂq?ﬂﬂ‘]ﬂ’qm@iﬂLﬂHQﬂUﬁ“]qﬂ@uVI@\‘]N@m@ﬂqﬂmutmuﬂgﬁﬂq?

wee . thurstoni visluszuui@edlulsanazidasazlunzia iethwanndluntssyens

ad dg/ = o a dy Dda‘ 49( !
ADNITENTISEAEN LW?HQMQM@N%H@MIV@HQ%IMW@LLH



518N15A14D4

Berrill N. J. 1975. Reproduction of marine invertebrates. Giese A. C. and Pearse J. S.
(eds), Chordata: tunicate, 82-241. New York : Academic Press,

Bingham B. L. and Walters L. J. 1989. Solitary ascidians as predators of invertebrate
larvae: evidence from gut analyses and plankton samples. J Exp Mar Biol Ecol
131 147-159.

Bingham B. L. and Young C. M. 1991. Larval behavior of ascidian Ecteinascidia
turbinata Herdman; an in situ experimental study of the effects of swimming on
dispersal. J Exp Mar Biol Ecol 145: 189-204.

Campbell N. A, Reece J. B. and Mitchell L. G. 1999. Biology. 5" Edition. World student
series. USA : Addison-Wesley,

Cloney R A. 1990. Larva tunic and the function of the test cells in ascidians. Acta Zool
71:9-151,

Crews C M, Lane W S and Schreiber S L. 1936. Didemnin binds to the protein palmitoyl
thioesterase responsible for infantile neuronal ceroid lipofuscinosis. Proc Natl
Acad Sci USA 93(9): 4316-4319.

Duckworth A, R., Samples G. A., Wright A. E. and Pomponi S, A. 2004. In vitro culture of
the ascidian Ecteinascidia turbinata to supply the antitumor compounds
ecteinascidins. Aquaculture 241; 427-439.

Forward R. B., Weleh J. M. and Young C. M. 2000, Light induced larval release of a
colonial ascidian. J Exp Mar Biol Ecol 248: 225-238.

Gosselin'L. A. and Qian P. 1997. Juvenile mortality in benthic marine invertebrates. Mar
Ecol Prog Ser 146: 265-282.

Hirose E., Akahori M., Oka A. T. and Kurabayashi. 2004. Some Prochloron-bearing
didemnid ascidians collected from the reef shores of Iriomote Island (Okinawa,
Japn). Biol Mag Okinawa 42: 7-15.

Jeedigunta S., Krenisky J. M. and Kerr R. G. 2000. DiketopiperaZines as advanced




46

intermediates in the biosynthesis of ecteinascidins. Tetrahedron 56: 3303-3307.

Lee H. 1984. Fast swimming speeds of ciliated marine invertebrate larvae: potential
importance at the time of settiement. Am Zool 24: 131A.

Mendola D. Aquacultural production of bryostatin 1 and ecteinascidin 743. 2000.
Fusetani N. (ed), Drugs from the sea, 120-133. Basel : Karger,

Millar R. H. 1971. Advances in marine biology. Russell F. S. and Yonge M. (eds), The
biology of ascidians, 9: 1-100. New York: Academic Press,

Monniot C., Monniot F. and Laboute P. 1991. Coral reef ascidians of New Caledonia.
Collection Fauna tropicale 30. Paris : ORSTOM,

Mukai H. and Watanabe H. 1976. Studies on the formation of germ cells in a compound
ascidian, Botryllus primigenus Oka. J Morphol 148: 62-337.

Nakauchi M. 1982. Asexual development of ascidians: its biological significance,
diversity and morphogenesis. Am Zool 22: 63-753.

Osman R. W. and Whitlatch R. B. 1995. Predation on early ontogenetic life stages and its
effect on recruitment into @ marine epifaunal community. Mar Ecol Prog Ser 117
111-126

Ruppert E. E. and Bames R. D. 1994, Invertebrate zoology. 6" Edition. International
edition. USA : Saunders college publishing,

Saito Y. and Okuyama M. 2003. Studies on Japanese botryllid ascidians. IV. A new
species of the genus Botryllus with a unique-colony shape, from the vicinity of
Shimoda. Zoological science 20: 1153-1161.

Satoh N. 1994, Developmental biology of ascidians. USA : Cambridge university press,

Sherrard K. M. and LaBarbera M. 2005. Form and function in'juvenile ascidians. I.
Implications of early juvenile morphologies for performance. Mar Ecol Prog Ser
287:127-138

Suwanborirux K, Charupant K, Amnuoypol S, Pummangura S, Kubo A and Saito N.
2002. Ecteinascidins 770 and 786 from the Thai tunicate Ecteinascidia thurstoni.
J Nat Prod 65; 935-937.




47

Thorson G. 1964. Light as an ecological factor in the dispersal and settliement of larvae
of marine bottom invertebrates. Ophelia 1: 167-208.

Thorson G. 1966. Some factors influencing the recruitment and establishment of marine
benthic communities. Neth J Sea Res 3: 267-293.

Watanabe H. 1988. Development of invertebrates. Dan K. et al. (eds), Colonial
ascidians, 2: 490-539. Tokyo : Baifukan,

Young C. M. 1986. Direct observations of field swimming behavior in larvae of the
colonial ascidian Ecteinascidia turbinata. Bull Mar Sci 39: 279-289.

Young C. M. 1988. Ascidian cannibalism correlates with larval behavior and adult
distribution. J Exp Mar Biol Ecol 117: 9-26.




AONUUINYUINNS )
ANRINTUNAINENRE



49
MARUINN 1. drseumseaivew E. thurston deudqed rose bangal

AIBAUINUUIDATE 5 W 10 W

\‘

15 YN 30 W 3 g

M

6 Halalg 9 dalalg 18 lng

»



50

o

AARUINT 1. (Aa) Fadauwiasiones E. thurstoni faudaed rose bangal

21 dalaig 24 Falaiq 27 dalai

33 dalug




51

=i 3 a % a A =3 =
NIANUINN 2. ANNLANLAZRUUNNUINTEALTIIUNILID QTN I]”Lﬂﬁ‘llu?‘ﬂ‘]_lﬂ W.A.2548

34
33
32
31
30
29
28
27
26
25
24

32,9
32,6 ! 32,7 32,5 323
32,4 32,3 32,2 315
316 52 313

29,9

29,5

292 |~ Anuau (wilvahuluwuaiu)
—=— aauTi(@uA L AR D)

27,6

um. AW, fin. ug. wWa. fie. nA. &A. AL AA. W, §A.




52

] a X A P o X , P
NANUINT 3. Iﬂi@uu@ﬁwumﬂﬂﬂ@‘Nﬂ@QLW?ﬂ\‘IV{JV@Nq’u?gUUL@ﬂﬂﬂ@\‘]v]urJﬂV]ﬂ@ﬂ\‘W] T1-
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_d | _
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7 16-12-47
Time Sample Pixel Sg.cm.
1.18-12-47 T1-16-12-47 14011 11,44
2 24-12-47 T1-16-12-47 16312 13,32
3 06-01-48 T1-16-12-47 3196 2,61
4 16-01-48 T1-16-12-47 3373 2,75
524-01-48 T1-16-12-47 979 0,80
6 04-02-48 T1-16-12-47 1978 1,61

7 14-02-48 T1-16-12-47 402 0,33
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Date Sample Pixel Sg.cm.
1.18-12-47 T3-16-12-47 9557 7,80
2 24-12-47 T3-16-12-47 7253 5,92
3 06-01-48 T3-16-12-47 9231 7,54
4 16-01-48 T3-16-12-47 3931 3,21
524-01-48 T3-16-12-47 0 0,00
6 04-02-48 T3-16-12-47 214 0,17
7 14-02-48 T7-16-12-47 0 0,00
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] a X A P o X , P
NANUINT 6. Iﬂi@uLL@xW%V]ﬂﬂﬂ@‘NﬂQQLW?EQMQV@NI‘uﬁ%UUL@ﬂﬂﬁl@\‘]ﬁurJﬂmﬁﬂﬂ\‘W]

T4-16-12-47
.
r
v, N o
>
k
L ’ 'i | 4 o .i
N - b
118-12-47 2 24-12-47 3 06-01-48
& a .
r
1 I ‘ '
' |
» AR | |
4 16-01-48 5 24-01-48 6 04-02-48
7 16-12-47
Date Sample Pixel Sg.cm.
118-12-47 T4-16-12-47 12881 10,52
2 24-12-47 T4-16-12-47 15348 12,53
306-01-48 T4-16-12-47 11816 9,65
4 16-01-48 T4-16-12-47 16062 13,11
524-01-48 T4-16-12-47 661 0,54
6 04-02-48 T4-16-12-47 0 0,00
7 14-02-48 T4-16-12-47 0 0,00
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] a X A P o X , P
AANUINN 7. Iﬂi@uLL@gwuV]ﬂﬂﬂ@‘NmQQLW?EQMQV@NI‘u?gUUL@ﬂ\‘m@\‘]‘wquﬂﬁﬂﬂ\‘]w

T5-16-12-47

&

.

118-12-47 2 24-12-47 3 06-01-48
»&
4
4 16-01-48 5 24-01-48 6 04-02-48
I N

7 16-12-47
Date Sample Pixel Sg.cm.
118-12-47 T5-16-12-47 27878 22,76
2 24-12-47 T5-16-12-47 27621 22,55
306-01-48 T5-16-12-47 35705 29,15
4 16-01-48 T5-16-12-47 52933 43,21
524-01-48 T5-16-12-47 32353 26,41

6 04-02-48 T5-16-12-47 1887 1,54
7 14-02-48 T5-16-12-47 13705 11,19
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] a X A P o X , P
NIANUINT 8. Iﬂi@uLL@gwuV]ﬂﬂﬂ@‘NmQQLW?EQMQV@NI‘uﬁ%UUL@ﬂ\‘m@\‘]‘wquﬂﬁﬂﬂ\‘]w

T6-16-12-47
. | ¢ .
:
118-12-47 2 24-12-47 3 06-01-48
|
: |
. |
|
|
4 16-01-48 5 24-01-48 6 04-02-48
7 16-12-47
Date Sample Pixel Sqg.cm.
1.18-12-47 16-16-12-47 32072 26,18
2 24-12-47 T6-16-12-47 32281 26,35
3 06-01-48 T6-16-12-47 2378 1,94
4 16-01-48 T6-16-12-47 425 0,35
524-01-48 T6-16-12-47 0 0,00
6 04-02-48 T6-16-12-47 0 0,00
7 14-02-48 T6-16-12-47 0 0,00
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] a X A P o X , P
NIANUINT 9. Iﬂi@uLL@gwuVIﬂﬂﬂ@‘NmQQLW?EQMQV@NI‘HﬁﬁUUL@ﬂ\ﬁﬂl@\‘]ﬁurJﬂmﬁﬂﬂ\‘]W

T7-16-12-47

118-12-47 2 24-12-47 3 06-01-48

4 16-01-48 5 24-01-48 6 04-02-48

7 16-12-47

Date Sample Pixel Sg.cm.
1.18-12-47 T7-16-12-47 38860 31,72
2 24-12-47 T7-16-12-47 33688 27,50
3 06-01-48 T7-16-12-47 0 0,00
4 16-01-48 T7-16-12-47 0 0,00
524-01-48 T7-16-12-47 0 0,00
6 04-02-48 T7-16-12-47 0 0,00
7 14-02-48 T7-16-12-47 0 0,00
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a ~ X A P o X , p
N1ANUINT 10. Iﬂi@uLL@zwumﬂﬂﬂ@‘Nﬂ@\jLW?E\‘IV]QM@NIU?ZHUL@ﬂ\?sﬂ@\ﬁ'ﬂu‘?ﬂmm@@\‘]m

T8-16-12-47
' ¥ T SRR
. L
- 7 |
Yy
“ @
118-12-47 2 24-12-47 3 06-01-48
|
26 ¢ . .
L g s
|
' |
| |
P | %
4 16-01-48 5 24-01-48 6 04-02-48
|
|
|
|
7 16-12-47
Date Sample Pixel Sg.cm.
1.18-12-47 18-16-12-47 19529 15,94
2 24-12-47 T8-16-12-47 17123 13,98
3 06-01-48 T8-16-12-47 3351 2,74
4 16-01-48 T8-16-12-47 6722 5,49
524-01-48 18-16-12-47 529 0,43
6 04-02-48 T8-16-12-47 1428 1,17
7 14-02-48 T8-16-12-47 0 0,00
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a ~ X A P o X , p
NIANUINT 11. Iﬂi@uu@zwumﬂﬂﬂ@‘mﬁl@\jLW?EQMQV@NIH?:HUL@ﬂ\?sﬂﬂﬂ'ﬂu‘?ﬂ'ﬂﬁ@@\‘]m

T9-16-12-47
L2 I
‘ ’ 5 i
. £
L ? N
118-12-47 2 24-12-47 3 06-01-48
. . '
[ 1% .
3 ]
! |
| 'h
“e | ¢
| F 3 RNS W)
4 16-01-48 5 24-01-48 6 04-02-48
|
7
J
7 16-12-47
Date Sample Pixel Sg.cm.
1.18-12-47 T9-16-12-47 30611 24,99
2 24-12-47 T9-16-12-47 33562 27,40
3 06-01-48 T9-16-12-47 7782 6,35
4 16-01-48 T9-16-12-47 8069 6,59
5 24-01-48 T9-16-12-47 3338 2,72
6 04-02-48 T9-16-12-47 646 0,53
7 14-02-48 T9-16-12-47 821 0,67




61

a ~ X A P o X , p
NIANUINT 12. Iﬂi@uu@zwumﬂﬂﬂ@‘mﬁl@\jLW?EQMQV@NIH?:HUL@ﬂﬁﬂ@ﬂuu’)ﬂ'ﬂﬁ@‘ﬂ\‘]m

T10-16-12-47

~y

118-12-47 2 24-12-47 3 06-01-48

4 16-01-48 5 24-01-48 6 04-02-48

7 16-12-47

Date Sample Pixel Sg.cm.
1.18-12-47 T10-16-12-47 24376 19,90
2 24-12-47 T10-16-12-47 12889 10,52
3 06-01-48 T10-16-12-47 0 0,00
4 16-01-48 T10-16-12-47 0 0,00
524-01-48 T10-16-12-47 0 0,00
6 04-02-48 T10-16-12-47 0 0,00
7 14-02-48 T10-16-12-47 0 0,00
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a ~ X A P o X , p
NIANUINT 13. Tﬂt@uu@zwumﬂﬂﬂ@‘mﬁl@\jLW?EQMQV@NIH?:HUL@ﬂ\?sﬂﬂﬂ'ﬂu‘?ﬂ'ﬂﬁ@@\‘]m

T11-16-12-47

.
[

118-12-47 2 24-12-47 3 06-01-48
|
|
. |
|
4 16-01-48 5 24-01-48 6 04-02-48
7 16-12-47
Date Sample Pixel Sg.cm.
1.18-12-47 T11-16-12-47 32473 26,51
2 24-12-47 T11-16-12-47 0 0,00
3 06-01-48 T11-16-12-47 358 0,29
4 16-01-48 T11-16-12-47 251 0,20
524-01-48 T11-16-12-47 0 0,00
6 04-02-48 T11-16-12-47 0 0,00
7 14-02-48 T11-16-12-47 0 0,00
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a ~ X A P o X , p
NIANUINT 14, Iﬂi@uLL@zwumﬂﬂﬂ@‘Nﬂ@\jLW?E\‘IV]QM@NIU?ZHUL@ﬂ\?sﬂ@\ﬁ'ﬂu‘?ﬂmm@@\‘]m

T12-16-12-47

b 4.

118-12-47 2 24-12-47 3 06-01-48
L ] ‘1
] .
|
>
4 16-01-48 5 24-01-48 6 04-02-48
|
d |
4
|
|
7 16-12-47
Date Sample Pixel Sg.cm.
1.18-12-47 T12-16-12-47 20141 16,44
2 24-12-47 T12-16-12-47 13661 11,15
3 06-01-48 T12-16-12-47 121 0,10
4 16-01-48 T12-16-12-47 562 0,46
524-01-48 T12-16-12-47 0 0,00
6 04-02-48 T12-16-12-47 1078 0,88
7 14-02-48 T12-16-12-47 589 0,48




64

a ~ X A P o X , p
NIANUINT 15. Iﬂi@uu@zwumﬂﬂﬂ@‘mﬁl@\jLW?EQMQV@NIH?:HUL@ﬂﬁﬂ@ﬂuu’)ﬂ'ﬂﬁ@‘ﬂ\‘]m

T13-16-12-47

(Y
LY
118-12-47 2 24-12-47 3 06-01-48
|
o * .
Y ! | :
' 4 | |
| |
4 16-01-48 5 24-01-48 6 04-02-48
|
7 4
|
7 16-12-47
Date Sample Pixel Sg.cm.
1.18-12-47 T13-16-12-47 38235 31,21
2 24-12-47 T13-16-12-47 38024 31,04
3 06-01-48 T13-16-12-47 693 0,57
4 16-01-48 T13-16-12-47 2614 2,13
524-01-48 T13-16-12-47 893 0,73
6 04-02-48 T13-16-12-47 1292 1,05

7 14-02-48 T13-16-12-47 997 0,81
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a ~ X A P o X , p
NIANUINT 16. Iﬂi@uu@zwumﬂﬂﬂ@‘mﬁl@\jLW?EQMQM@NIU?:HUL@ﬂ\?sﬂ@\ﬁ'ﬂu‘?ﬂmm@@\‘]m

T14-16-12-47

1 18-12-47 2 24-12-47 3 06-01-48
: |
‘ |
| I n 4
| |
| |
4 16-01-48 5 24-01-48 6 04-02-48

J

4
|

7 16-12-47

Date Sample Pixel Sg.cm.
1.18-12-47 T14-16-12-47 23876 19,49
2 24-12-47 T14-16-12-47 21047 17,18
3 06-01-48 T14-16-12-47 404 0,33
4 16-01-48 T14-16-12-47 515 0,42
5 24-01-48 T14-16-12-47 887 0,72
6 04-02-48 T14-16-12-47 604 0,49

7 14-02-48 T14-16-12-47 1704 1,39
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a ~ X A P o X , p
NIANUINT 17. Iﬂi@uLL@zwumﬂﬂﬂ@‘Nﬂ@\jLW?E\‘IV]QM@NIH?ZHUL@ﬂ\?sﬂﬂﬂ'ﬂu’)ﬂ'ﬂm@@\‘]m

T15-16-12-47

b 3 e
118-12-47 2 24-12-47 3 06-01-48
A
|
|
4 16-01-48 5 24-01-48 6 04-02-48
7 16-12-47
Date Sample Pixel Sg.cm.
118-12-47 T15-16-12-47 20773 16,96
2 24-12-47 T15-16-12-47 1926 1,57
3 06-01-48 T15-16-12-47 4683 3,82
4 16-01-48 T15-16-12-47 878 0,72
524-01-48 T15-16-12-47 0 0,00
6 04-02-48 T15-16-12-47 0 0,00

7 14-02-48 T15-16-12-47 0 0,00
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] ~ X A = o | A
NIANUINT 18. Iﬂt@uLL@zwumﬂﬂﬁ@‘N‘ﬁﬂqLW?EQMQM@NIMW%L@%@\‘]MHQ?JW@@@\TVI

S1-09-06-48

1 09-06-48 2 17-06-48 3 28-06-48

 ag

4 08-07-48 5 26-07-48 6 05-08-48

7 17-08-48
Date Sample Pixel Sqg.cm.

109_06_48 S51-09-06-48 46372 37,85
217_06_48 S51-09-06-48 11078 9,04
328_06.48 S51-09-06-48 60899 49,71
4 08_07_48 S51-09-06-48 86949 70,98
526_07_48 51-09-06-48 49803 40,66
6 05_08_48 S51-09-06-48 42364 34,58
717_08_48 S51-09-06-48 34627 28,27




] ~ X A = o | A
NIANUINT 19. Iﬂt@uLL@zquﬂﬂﬂQNmﬂqLW?EQMQM@NIMW%L@%@\‘]MHQ?JV]@@@\TVI

S2-09-06-48

1 09-06-48 2 17-06-48 3 28-06-48
' |
. |
I
_d |
4 08-07-48 5 26-07-48 6 05-08-48
|
|
|
7 17-08-48
Date Sample Pixel Sqg.cm.
109_06_48 S$2-09-06-48 63095 51,51
217_06_48 S$2-09-06-48 0,00 0
328_06_48 52-09-06-48 0,00 0
408_07_48 S52-09-06-48 10312 8,42
526_07_48 52-09-06-48 0,00 0
6 05_08_48 S52-09-06-48 0,00 0
717_08_48 S52-09-06-48 0,00 0
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S3-09-06-48

1 09-06-48

2 17-06-48

] ~ X A = o | A
NIANUINT 20. Iﬂt@uLL@zwumﬂﬂﬂ@‘N‘ﬁﬂqLW?EQMQM@NIMW%L@%@\TMHQ?JW@@@\TVI

3 28-06-48

4 08-07-48 5 26-07-48 6 05-08-48

7 17-08-48

Date Sample Pixel Sqg.cm.
109_06_48 S53-09-06-48 43631 35,62
217_06_48 S53-09-06-48 36444 29,75
328_06.48 S53-09-06-48 40440 33,01
4 08_07_48 S$3-09-06-48 51580 42,11
526_07_48 S53-09-06-48 57489 46,93
6 05_08_48 S$3-09-06-48 70504 57,55
717_08_48 S53-09-06-48 36083 29,46




] ~ X A = o | A
NIANUINT 21. Iﬂt@uLL@zwumﬂﬂﬁ@‘N‘ﬁﬂqLW?EQMQM@NIMW%L@%@\‘]MHQ?JW@@@\TVI

..1
r

S4-09-06-48

»

1 09-06-48 2 17-06-48 3 28-06-48
. |
' |
' |
| |
' |
| |
4 08-07-48 5 26-07-48 6 05-08-48
|
i
7 17-08-48
Date Sample Pixel Sqg.cm.
109_06_48 S4-09-06-48 31913 26,05
217_06_48 S54-09-06-48 35287 28,81
328_06.48 S4-09-06-48 39308 32,09
4 08_07_48 S4-09-06-48 25951 21,18
526_07_48 S54-09-06-48 20731 16,92
6 05_08_48 S4-09-06-48 19678 16,06
717_08_48 S54-09-06-48 26860 21,93




] ~ X A = o | A
NIANUINT 22. Iﬂt@uLL@zwumﬂﬂﬂ@‘N‘ﬁﬂqLW?EQMQM@NIMW%L@%@\TMHQ?JW@@@\TVI

S5-09-06-48

1 09-06-48

2 17-06-48

3 28-06-48

>

]

4 08-07-48 5 26-07-48 6 05-08-48

7 17-08-48

Date Sample Pixel Sqg.cm.
109_06_48 S55-09-06-48 86653 70,74
217_06_48 S55-09-06-48 92349 75,39
328_06.48 S55-09-06-48 86608 70,70
4 08_07_48 S55-09-06-48 103338 84,36
526_07_48 55-09-06-48 71047 58,00
6 05_08_48 S55-09-06-48 2387 1,95
717_08_48 S55-09-06-48 1231 1,00
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] ~ X A = o | A
NIANUINT 23. Iﬂt@uLL@zwumﬂﬂﬂ@‘N‘ﬁﬂqLW?EQMQM@NIMW%L@%@\TMHQ?JW@@@\TVI

S6-09-06-48

1 09-06-48 2 17-06-48 3 28-06-48
|
| |
| ‘ [
| .
| : !
| | |
| | |
4 08-07-48 5 26-07-48 6 05-08-48
|
|
|
7 17-08-48
Date Sample Pixel Sg.cm.
109_06_48 S6-09-06-48 88248 72,04
217_06_48 S6-09-06-48 77046 62,89
328_06.48 S56-09-06-48 77046 62,89
4 08_07_48 S6-09-06-48 0,00 0
526_07_48 S56-09-06-48 0,00 0
6 05_08_48 S56-09-06-48 0,00 0
717_08_48 S6-09-06-48 0,00 0
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] ~ X A = o | A
NIANUINT 24. Iﬂt@uLL@zwumﬂﬂﬁ@‘N‘ﬁﬂqLW?EQMQM@NIMW%L@%@\‘]MHQ?JW@@@\TVI

S7-09-06-48

1 09-06-48 2 17-06-48

&=

"o

3 28-06-48

3

4 08-07-48 5 26-07-48 6 05-08-48

7 17-08-48

Date Sample Pixel Sqg.cm.
109_06_48 S7-16-12-47 56454 46,08
217_06_48 S7-09-06-48 35090 28,64
328_06.48 S7-09-06-48 44567 36,38
4 08_07_48 S7-09-06-48 61311 50,05
526_07_48 S7-09-06-48 60849 49,67
6 05_08_48 S7-09-06-48 45714 37,32
717_08_48 S7-09-06-48 0,00 0
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NIANUINT 25. Iﬂt@uLL@zwumﬂﬂﬁ@‘N‘ﬁﬂqLW?EQMQM@NIMW%L@%@\‘]MHQ?JW@@@\TVI

S58-09-06-48
1 09-06-48 2 17-06-48 3 28-06-48
4 08-07-48 5 26-07-48 6 05-08-48
|
|
|
7 17-08-48
Date Sample Pixel Sqg.cm.
109_06_48 S8-16-12-47 60512 49,40
217_06_48 58-09-06-48 49285 40,23
328_06.48 S8-09-06-48 53585 43,74
4 08_07_48 S58-09-06-48 61564 50,26
526_07_48 58-09-06-48 72777 59,41
6 05_08_48 S58-09-06-48 26106 21,31
717_08_48 S8-09-06-48 0,00 0
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PnenAaad? S9-09-06-48

o

1 09-06-48 2 17-06-48 3 28-06-48
4 08-07-48 5 26-07-48 6 05-08-48
|
* 7/
[ ) |
|
7 17-08-48
Date Sample Pixel Sqg.cm.
109_06_48 S9-16-12-47 68602 56,00
217_06_48 S9-09-06-48 0,00 0
328_06.48 59-09-06-48 33760 27,56
4 08_07_48 S59-09-06-48 59490 48,56
526_07_48 S9-09-06-48 12142 9,91
6 05_08_48 S59-09-06-48 12142 9,91
717_08_48 S59-09-06-48 2409 1,97
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NIANUINT 27. Iﬂt@uLL@zwumﬂﬂﬁ@‘N‘ﬁﬂqLW?EQMQM@NIMW%L@%@\‘]MHQ?JW@@@\TVI

S10-09-06-48

1 09-06-48 2 17-06-48 3 28-06-48

4 08-07-48 5 26-07-48 6 05-08-48
|
|
|
7 17-08-48
Date Sample Pixel Sqg.cm.
109_06_48 S10-16-12-47 60785 49,62
217_06_48 S510-09-06-48 16815 13,73
328_06.48 S10-09-06-48 34455 28,13
4 08_07_48 S10-09-06-48 50902 41,55
526_07_48 S510-09-06-48 66526 54,31
6 05_08_48 S10-09-06-48 47049 38,41

717_08_48 S510-09-06-48 0,00 0




] ~ X A = o | A
NIANUINT 28. Iﬂt@uLL@zwumﬂﬂﬂ@‘N‘ﬁﬂqLW?EQMQM@NIMW%L@%@\TMHQ?JW@@@\TVI

S11-09-06-48
1 09-06-48 2 17-06-48 3 28-06-48

¥

4 08-07-48 5 26-07-48 6 05-08-48

7 17-08-48
Date Sample Pixel Sqg.cm.
109_06_48 S11-16-12-47 61316 50,05
217_06_48 S511-09-06-48 39060 31,89
328_06.48 S11-09-06-48 55693 45,46
4 08_07_48 S511-09-06-48 59508 48,58
526_07_48 S511-09-06-48 85819 70,06
6 05_08_48 S11-09-06-48 97472 79,57

717_08_48 S511-09-06-48 97753 79,80




] ~ X A = o | A
NIANUINT 29. Iﬂt@uLL@zquﬂﬂﬂQNmﬂqLW?EQMQM@NIMW%L@%@\‘]MHQ?JV]@@@\TVI

S512-09-06-48

1 09-06-48 2 17-06-48 3 28-06-48
|
!
|
i |
7
| |
4 08-07-48 5 26-07-48 6 05-08-48
|
|
|
7 17-08-48
Date Sample Pixel Sqg.cm.
109_06_48 S12-16-12-47 66685 54,44
217_06_48 S$12-09-06-48 0,00 0
328.06_48 S$12-09-06-48 0,00 0
408_07_48 S$12-09-06-48 0,00 0
526_07_48 512-09-06-48 0,00 0
6 05_08_48 S$512-09-06-48 0,00 0

717_08_48 S512-09-06-48 0,00 0
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N1ANUINT 30. Iﬂt@uLL@zwumﬂﬂﬂ@‘N‘ﬁﬂqLW?EQMQM@NIMW%L@%@\TMHQHW@@@\‘W]

S13-09-06-48

2 17-06-48 3 28-06-48

5 26-07-48 6 05-08-48

7 17-08-48

Date Sample Pixel Sg.cm.
109_06_48 S13-16-12-47 114245 93,26
217_06_48 S$13-09-06-48 110619 90,30
328_06.48 S513-09-06-48 97546 79,63
4 08_07_48 S$13-09-06-48 110681 90,35
526_07_48 513-09-06-48 108948 88,94
6 05_08_48 S513-09-06-48 110310 90,05

717_08_48 S513-09-06-48 107376 87,65
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NIANUINT 31. Iﬂt@uLL@zwumﬂﬂﬁ@‘N‘ﬁﬂqLW?EQMQM@NIMW%L@%@\‘]MHQ?JW@@@\TVI

-

S14-09-06-48

(4
1 09-06-48 2 17-06-48 3 28-06-48
&~ I . '
4 08-07-48 5 26-07-48 6 05-08-48
|
i
7 17-08-48
Date Sample Pixel Sqg.cm.
109_06_48 S14-16-12-47 59816 48,83
217_06_48 S$14-09-06-48 0,00 0
328_06.48 S14-09-06-48 14139 11,54
4 08_07_48 S$14-09-06-48 18409 15,03
526_07_48 S514-09-06-48 47543 38,81
6 05_08_48 S$14-09-06-48 48088 39,26

717_08_48 S14-09-06-48 41663 34,01
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NIANUINT 32. Iﬂt@uLL@zquﬂﬂﬂQNmﬂqLW?EQMQM@NIMW%L@%@\‘]MHQ?JV]@@@\TVI

S$15-09-06-48
1 09-06-48 2 17-06-48 3 28-06-48
|
!
|
i |
7
| |
4 08-07-48 5 26-07-48 6 05-08-48
|
|
|
7 17-08-48
Date Sample Pixel Sqg.cm.
109_06_48 S15-16-12-47 61486 50,19
217_06_48 S$15-09-06-48 0,00 0
328_06_48 S515-09-06-48 0,00 0
408_07_48 S$15-09-06-48 0,00 0
526_07_48 S$15-09-06-48 0,00 0
6 05_08_48 S$15-09-06-48 0,00 0

717_08_48 S515-09-06-48 0,00 0
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