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Lalipat Duangsawang 2010: Reproductive Cycle and Culture of Glochidia from the
Freshwater Pearl Mussel Hyriopsis (Limnoscapha) desowitzi (Brandt, 1974) in
Artificial Media. Master of Science (Zoology), Major Field: Zoology, Department of

Zoology. Thesis Advisor: Associate Professor Uthaiwan Kovitvadhi, Ph.D. 58 pages.

The reproductive cycle and development of glochidia in marsupia of Hyriopsis
(Limnoscapha) desowitzi were studied every month throughout the year. Various stages of germ
cells from the gonad of both sexes were observed under a light microscope, while development
of glochidia in marsupia was recorded as seen from its morphological changes. It was found that
germ cells and glochidia development were continuously preceded all year round. Male germ
cells morulae were found in 3 stages, i.e., early stage (spermatogonia), middle stage
(spermatocytes morulae) and late stage (spermatid morulae and spermatozoa), while female
germ cells was found in 2 stages, i.e., immature and mature oocytes. The temperature had no
effect to gametogenesis but it played a crucial role on glochidia development. The marsupial in
both outer and inner demibranch was found at the water temperature lower than 28°C whereas
outer demibranch could be formed at the temperature higher than 28°C. Glochidia were cultured
in artificial medium containing 3.5 ml of M199 medium, protein sources (different plasma
sources from three fish species and horse serum), and antibiotics/antimycotic at a ratio of
2:1:0.5, and a density of 100 glochidia per dish under sterile conditions. Medium supplemented
with Cyprinus carpio plasma resulted in 99.6+0.7% survival. The glochidia were cultured in
medium containing fish C. carpio plasma with different densities (50-70, 71-90, 91-110, 111-150
and 171-230 glochidia per dish) under sterile conditions and the density 50-70 is highest in
97.08+0.9% of survival. These studies of the glochidia culture in different plasma sources and

density levels of artificial medium, they were found that the percentage of transformation were 100.

Student’s signature Thesis Advisor’s signature
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1. Nﬁuwmgﬁum Hyriopsis (Limnoscapha) desowitzi

H. (L) desowitzi imeauon dadiuomadzddesanilsueengmenennegonioon
wazadulsnsuiniggenindvesiai fumadle g lWveunadaioudifuiiozgn
fu M verhisnamien mamsUfausnuaiilSy (internal fertilization) 19145 ums
1Jﬁﬁu%ﬁlzgﬁmaajﬁgw'ﬁaﬂmﬂuwsé’{gﬁﬂ (@187550 LAZANY, 2540) FuReTUTesMUTIA
Chamberlainia hainesiana H. (L.) myersiana Waig H. (H.) bilatus Glummzﬁﬁaamuﬁuﬁu 195
Crassostrea gigas ﬁmsﬂﬁau%mauaﬂ (Caroline et al., 2005) H. (L.) desowitzi LWﬁNi}l,mmWﬁ
e ﬁmiﬁ%’mwaﬁﬁuﬁuﬁma@ﬂﬁﬁ WUIAINY H. (H.) bialatus (Chatchavalvanich ef al.,
2006) HI919N C. hainesiana 20gIYNINUADUNUOUDURDUNNNWUT, HL (L) myersiana
ogszvaReurueneud angumay (e3m, 2543) hutlszmetdjtlu wuresmutis aad Unionidae 7
¥HA AD Pseudodon omensis, Unio douglasiae, Inversidens japaensis, I. yanagawensis, I. brandi,
Lanceolaria grayana \\0s Anodonta woodiana ﬁmi?’fuﬁuﬁﬁwimﬁeuﬁmﬂuﬁﬁwwm
(Kondo, 1987) 11nM3ANE1 1ATIe319M199an10301AY0INTI93 Az WA germ cells
Tu H. bialatus wetdtia®agUiuy uuunsn Ao typical spermatogenesis 1/52noUAY
spermatogonia, primary spermatocytes, secondary spermatocytes, spermatids {L81¢ spermatozoa
LL'IJ']J“ﬁ’dEN o atypical spermatogenesis W1 germ cell morulae 3 558 1aua early stage
(spermatogonia), middle stage (spermatocytes morulae) LL81$ late stage (spermatid morulae (01
spermatozoa) ﬁaugwmﬁaﬂizﬂﬂuﬁw oogonia liQi¥ oocytes 5 T8 ‘lﬁlufi stage 1 oocytes, stage
2 oocytes, stage 3 oocytes, stage 4 oocytes LA stage 5 oocytes (Chatchavalvanich et al., 2006)
9AM3ANE1 1A whole mount WU germ cells z—huiwrg'mm H. (L.) desowitzi !,Wﬁtijﬁ germ
cells ﬁvﬁmﬂuazﬁmmuuu atypical spermatogenesis ﬂizﬂauﬁ’wnamnqmm germ cell
morulae 3 520270 early stage (spermatogonia) middle stage (spermatocytes) LLQ% late stage
(spermatids 8¢ spermatozoa) TS UINANONY female germ cells 2 528% 19 immature
oocytes LIQ1e mature oocytes mminwam”lm?muuazﬁwuma germ cells izﬂszc]‘Uﬂngllﬂ
AoUNANNIADUAADAY ﬁ’q&uﬂmiﬁmuuazﬁmuwm germ cells 1 H. (L.) desowitzi 3013]u
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A 1~ A 7
Llf]_lll@@LU@QTﬂﬂUlﬂﬂﬂﬂﬂ']aﬁUWl!ﬁ
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2. M31038Y V09710041 Y marsupia V09 Hyriopsis (Limnoscapha) desowitzi \Weitilel

’s"'f?mclﬁiljmilﬁﬂ marsupia Tuneanelioazinan outer demibranch 15U Anodonta
woodiana (Fukuhara and Nagata, 1988), Lampsilis ventricosa (Pennak, 1989), C. hainesiana, H.
v v an o 4 a £
(L.) myersiana (83501, 2543), H. bialatus (5I¥%8, 2546; ATIAU LA ONANT, 2547) lu A (L)
a [l @ o J g’J
desowitzi NUNITLATRY marsupia YD LWﬁtﬁﬂ@ﬁ@ﬂﬂ GluG]ﬂ\HﬁE)UﬂufJ'lEluﬁﬂﬂﬁJﬂ'lwu‘ﬁ NWUNI
outer 1A inner demibranch @B IUADUUIANDIFINIAVINTIZ B marsupia IRWIE outer
[~ 1 ] [ v @
demibranch Taganansautiaudluszezanan 18 6 szog wuRedny 535 uasans(2546) 1az
Mo J a £ A A = a (A ] A A o
ATIAU LT BNANT (2547) AD 322N 0 uliJiJﬂTiLﬂiﬂJﬂl@ﬂﬁ'J@ﬂu UNAUIVNDNUANHUSUUUUN
I~ . Aas 1 A zg I~ . Aaa A ' I~

I2YEN 1 marsupia UV UNUIHIDAWOIVU TEYEN 2 marsupia UAINQDIDDU 88N 3
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. oA A A L oaa ' A . AaAa o A
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v
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¥ =K d A aa a 3 A ' A A o A
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1 a o 1 o 1 o 1
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a 3 = 4 d‘ o dy
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[ ¢ A a @ o v v W %’ a

Fun512H 1109910 outer demibranch AANY mantle cavity M 1¥audan i 1d lagnsauazina

d‘ @ A a . = 5
MsuanilaguunanuIa outer demibranch Taana inner demibranch
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3. naveamgthAeNsa I aaaUWUEHaz M55 yueaiIeeuly marsupia Y04

Hyriopsis (Limnoscapha) desowitzi

a3 g v o W 1 @ J 4 a A .
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1 v 2 o a a 1 H
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o

3 < ' s ¢ a %
lithophaga 1sag MOIMUUNAN Crassostrea gigas vwaosyadauWus Nesvniii 27 oem

q a U

YaIFEA 1o gaNI 19 0IAEATYE (Galinou-Mitsoudi and Sinis, 1994 and Caroline et al.,

Q%‘

o v ¥ dy ~ (=) 1 Y IA o J o o
2005) a1 mimammmamwnuuﬂumuﬂ"lmwammsﬁinmaaﬁuwuﬁmmu H.

E} QU

(L.) desowitzi NITTOUNA UANHAADNITI93 QY marsupia 91NMTANYIHAVOIGUNYIADNT

W10 11U marsupia Vo4 H. bialatus FI¥F0 LazaAne (2546) WUNILo2Ia1 1UMS

Y A (a a I (L aa .oA A 1w @

wannan lndgaus liiludieousze: Tnaffe 1u marsupia HAundeminy 7.67+1.30 Tu
a é’ Y 1 A = o A A v a

uazenusonatu ldegaeiiiosTag liliszeziin Taeszoznamniigane 10 Ju guvigil
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TaeNgangilinanen13ina incubation period Tnsgairiniin19z1i1%141904 incubation

LY

period HIUNIQUNYIF IFUAGINVIWNIUVDL BIN LASAVE (2537) WUIMINAIUIVDY
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4. nleiiFuamsiizinsen nazdnsimsnsaduln wes Hyriopsis (Limnoscapha) desowitzi

3 ana 2 ' IS
vnmsAnylesFuANs T InTeAv0 H. (L) desowitzi NAADUNA WUIUNATO
I < J A o ' 9 = = =) cs{l (A A
nlesiuamsiaIasoadiniunag ervtiesnanmeiisazini@esgaioeunislumen
X g A ' o [ a a ¥ ' A
Fuiluszezinoudisooune dusudaamansyan Tavesnsdeunslugiufouliguiou
2549 D iUt uNAN 2549 ganlurrudeutunay 2549 Be iouligUIY 2550 dEARGDN
v 1 ¥ <
ﬂ‘]JmiﬁﬂHW?N Kovitvadhi et al. (1998) Laﬂﬁﬁﬂﬂgﬂuﬁﬂ Chamberlainia hainesiana W1

= ' A a a ' 4 I [} Ax &
nat 13 wuimeslimsnsayau Tagelusnggdeunazggrui esnmilusaeniiySua

v
A o o A A

% o X g o
meﬂmuﬁ%mmumﬂ G?Ql,ﬂuﬂ”lﬂ”liﬁaﬂﬂﬁ’ﬁﬂﬂluSIJ?Nﬂ”IiL%iﬂJL@]‘]JIGIEUENﬁ@EJ

5 d & d anA 1Y a a . o
5. Nasll'f)\‘if’;lmﬂ"lwsll'ﬂx‘lu1ﬂﬂ!‘]Ji:’]3!"‘lﬂ!ﬂfn‘JN‘U'Jﬂ‘iﬂﬂ!!ﬁ$®ﬂ§1ﬂ1‘§m§iy!ﬂﬂiﬂ YD Hyriopsis

(Limnoscapha) desowitzi

A = ] s 3 J ana o a a
wenfSeumsuaunmuesihaonlodgudmsisinsoauazons MR yau Ia ¥4
y X A o a A & = 72 o
M1INAABIATIH (A15199 2) NUEITA LazANY (2548) (M1519WUINT 1) BeAnyudosiFuams
==Y \ r d' ,ds‘ " a 1 1 1
UBIN50AUDY H. (L.) desowitzi MABIIUUHAITIINTIA WD Aw TS auers A ms
A o 9 a A K I 1 9 =1 =l
e IWih eengnunazateluiin anwiunsaais ANNATEA195 Y LazLAaEey T
[ @ . G YA [ [ a a a 4
HANANNY FIUMNVBINAINAIBENARoM T AL TaazMITTIAToAYDINDY LD
v J z an 3 a 4 { o £
nfSeuMounuamasgIuvesnun Wi @5, 2543; N330IN5, 2522; Moudna, 2539)

(] a H ’.3 ] [ X 1o (B
wunmeengauiazateluil IA131319 3.2-4 ppm FWAAINNAWIATTIU (5 ppm) D19
I a4 Y Ao < A X a o '
Whumsizurasi@esesvesmsnaaenssilan it sSunaeengouszdind

1 ’.! A I 90' go’ L 1 o l 1
uranhsssunasaiui lva aAnunszasvenitegszning 219-246.5 ppm dnegTunqgu

H Yy & d = A A ' 9 Y A
voainIza N FuilurasiumnnnuaaGoutaziunidon 1aei1n1unsA19ue 1l
YgmaTagasnumanumitienii i (Miller er al, 1973) mveaon Tuilouazoawldog
Tuszauilng Ao lanu 0.1 1az 0.03 ppm MUANLYDIAMIATTIU VU] 9HBITTY LAz

a =) g a 1 ?‘)’ 1 U X
Az (2541) ANEIHNAINGIVOINDIYNUIIA H. (L.) myersiana UNAMNUIMLINADY 99173A
mayauys wunawen TulisnazWomaganiinmasgiu Ao 0.88+0.2 118z 0.88+2.3 ppm

o_ 4 ! o o J ' wa
AWAIAY 1INMIANYIYDI Buddensiek (1995) iipifFouioumandunusseninguaula

a 9 _ ¥ '

%,’ A dy l ’.f 1 [ 1 %‘ I v A I 4 ana
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6. MInziBInveuszazlnanaaluemsaunszHniuvaldsAumnany

2
11INNINAADUAEINIBO UL INAAREUD H. (L.) desowitzi TuDIMNMITUATIZW
Ay 9 lé 1 v d' ! = A a
amwilaeare Taglye1mis 4 gas Fuenaenunuradlisau ae warawilaitia waran
A o J aa A < =
Yo lu nanaunlaign vazdsuih wun Inadmemunsoldoumlasihilugnuesszozyd
¥ PN = /3 ¢ AAaa
ludld 100 nlesidud e 4 gasermns Taenaadar luiinlesidudmsiizinsoavesgn
WougaNga Av 99.61 FIWANMITNARLUHNoUNUYTZATAT 1ATAN(2546) 1Az Kovitvadhi ef
: I U dﬁl a ¥
al. 2002) FlFwaaundar ludunrasTusaulumsmizites Inafidevesneeaynitie C.
1A J 3 J Ana 1w
hainesiana W& H. myersiana W’]J’NZJL‘]J’f)iL%H@]ﬂﬁll"b’?ﬁiﬂﬂQ’%ﬂTﬂU 96.24 g 93.77
o w = I = < 1A @
awady nazannsanasunlasliiilugnuesszezyd ludla 100 nlefidud wuiRednuns
£
NAABIVDY Isom and Hudson (1982, 1984a, 1984b) 1112108967801 28 INanIABVDIH BN
2 A . a I o @ 73 o
WA Fusconaia ebena Tastinarduan luiludunanluennsdunsizi 80 nlosisua éa
' aa = < = J J
souszoz Inaddvannsaldounlauilunesszozgd ludIdinnga Ao 51.243.8 ulefidud
s 2
SAUNIINNIANIVOI Kovitvadhi ef al. (2002) Tdnaanunosiisouszes InaniRevonos
H a a \
Yy H. (L) myersiana Taoldimznuian 4 vila (lariia darlu dargn darane) wun
{ v 1 a I s
Uan lulimsnlasunlaswesieeuszez Tnaame lilifluresszezy? ludgaga 93.7743.0
I s R = (A aA ' ' 2 A
wofirud ¥alar lulimaimzvesiivousze: InaAmeuanalesnnuras lUsaudu tazan
@ ' I~ a 4 a ¥ a A v 1
m3inaaesnIna latimsnsgrinsnezil Tuninwarauains 4 siia wagdSugh wuanlu
= A . . . . ' ' a A
wanamdan TudinsaeziTu leucine, proline, threonine 4L81% alanine wnnnNNnuvasldsauou

@

pg19T1iod 1A (P<0.01) citruline 1A% glutamine ¥1NnIuMas TsAudusdliod Ay

3 A

Y
(P<0.05) UANTNAADIVDY Lima ez al. (2006) 112108967100 UIZe2 INaAABYIMDEYNIIIA
[ o I 1 1 S I 4
Anodonta cygnea Tuo1msdunsizs lasldwarastar luiluuvaa Tsaunuindesdudnms

A =
UBINTOALNYN 34.349.3
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MIAATIZH Aunde £ SD
gaunglond (°C) 32.0%1.67
umgih (°c) 28.67%1.17
anutlunsatluang 7.31£0.29
mamieni Idh (Lm) 185.8314.1
Au U5 (cm) 41.17%16.67
AUYU (FAU) 46.3317.28
sondauiazatelni (ppmO,) 4.13%0.76
Anuniluang (ppmCaCo,) 66.33118.55
AIUNTZANTIY ( ppmCaCO,) 62.5%9.5
wow TuiieTuTasusw (ppmNH,-N) 0.2230.21
Tulasm (ppmNO,N) 0.62£0.37
luasn (ppmNO,-N) 0.03%0.04
Wodivla (ppm PO,-P) 0.6010.86
#an1 (ppm SiO,) 9.6710.82
mfuoulavenluddasy (ppmCo,) 5.92%1.56
UAAIFEY (ppm CaCO,) 59.17%16.50

A3N: AT LazAUE (2548)
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peAlsznouves  waraulan .
o . FLAUANY
A3OUNTE/ tanlu darila aan F3uI 4.
o RGN
DUUNTY
Amino acid
(umol/1)
U 1
ANS 0° 0° 0° 5.0+7.1° *
CAR 0° 0° 0° 9.0+12.7° *
PEA 1.042.0° 1.67+2.9" 1.3342.3° 5.042.8" *
CYS2 9.545.5% 1.33£1.2° 14.746.5" 3.041.4° *
ABU 10.0+2.2" 5.33+2.1° 9.6742.1° 11.543.5" *
HYP 14.5410.7°  13.33+11.9% 35.049.5" 0° *
CYSTA 1.0£2.0° 0° 44.67+20.8" 3.544.9" ok
nquii 2
ORN 74.5426.2" 21.09.9° 40.67+16.1° 78.0+8.5" ok
MET 8225429.1"  27.67+14.7° 80.33+18.9° 58.5+4.9" *x
TYR 72.0+18.1% 55.3349.9° 100.0+6.1° 93.0+2.8" Ho
ILE 120254263 54.67+4.6" 97.3+16.2" 125.0+4.24" ok
SER 131.75437.0°  78.67+48.05" 168.0+35.5" 170.5+12.0° %
AAD 5.546.8" 1.332.3° 257.33+136.65°  33.0426.9° ok
VAL 234.5438.2"  131.0+13.9° 147.6731.5° 271.5410.6° ok
TAU 320.0478.2  240.0+266.9°  428.0+137.9° 102.0425.5° *
GLY 338.0432.1"  223.67+109.7°  717.33+198.1°  737.04203.7°  **
nqui 3
Bara 0 0 6.6711.6 0 ns
HYL 0 1.3342.3 0.67+1.2 3.0+4.2 ns
HCY2/GABA 2.0+4.0 3.35.8 0 0 ns
PPS 3.542.9 5.33£9.2 13.045.6 9.0+2.8 ns
3MHIS 9.2545.6 9.0+4.4 4.045.3 16.5+4.9 ns
IMHIS 17254238 3.67+1.2 2.0£1.7 3.544.95 ns
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GRCHEERTY warauan .
o s " FEAUAIY
Youm3aunsd/  darlu Yariia Yaign F5u 4.
o oY
DUUNTY
ETN 16.25+11.7 9.67+16.7 9.67+2.1 8.042.8 ns
PHE 87.75+13.2 76.0+16.4 71.33+4.9 95.045.7 ns
HIS 83.0461.4 65.3424.0 47.3349.3 74.0+14.1 ns
ARG 182.0+49.1 170.67+130.8  162.0+26.23 119.0+2.8 ns
ASX 192.254166.3  119.33+70.8 145.0+7.0 65.5+10.6 ns
LYS 201.0+147.3 232.0+152.6 265.33+37.3 132.5+7.8 ns
nguil 4
CIT 36.7549.6" 8.67+2.5° 8.33+5.8° 75.0+4.2" o
LEU 253.25447.2° 118.33+17.62°  181.0426.5° 197.0+14.1° ok
GLX 197.25+43.0° 61.0425.9" 122.0+17.5° 271.5+14.9° ##
PRO 415.25494.6' 73.67+42.1° 57.67+23.5° 95.0+4.2" ok
THR 331.0+£148.3" 68.67+13.6° 136.67+29.8" 185.5+13.4° ok
ALA 537.75454.6° 224.67+62.1° 306.67+13.3" 314.5434.7° ok
Protein (g/dl) 3.93+1.1° 3.86+0.8" 3.77+0.3° 7.93+1.2" ok
Glucose (mg%)  248+83.7° 257+107.4° 252.70+113.6" 36.93+19.3° *
Triglyceride 347.59+120.6°  286.7+33.9° 106.60+8.9" 173.03439.16°  **
(mg/dl)
Inorganic
elements (mg/g)
cu’’ 0.33+0.49 0.27+0.46 0 0.3340.58 ns
Mn” 3.6344.0 7.23+4.4 37343 0.83+1.44 ns
Ca’' 271.73+129.7  173.974#21.9 182.07+5.7 177.76£19.9  ns
Mg 254.17£102.1 191.50+35.1 256.0+60.9 210.13£169.7  ns
Na' 2713.57+479.8  654.93£378.12  2403.2+475.3 26414342344 ns
K' 166.27+33.8" 183.80+70.82%  264.77+50.5" 218.27+426.1°  *
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o

paA1lsznoy waraulan .
o s = “. v 7LAUANY

YoumnIounse/  anlu darila an 53N 4

o s CHRIY
DUUNTY
S 632.30£179.3°  531.60£191.4™  400.07+25.5° 977.07+49.2" ok
cr 3804.23£125.0°  3962.13+484.1°  3486.93+200.7°  3556.20£120.7°  *
Osmolality 335.33+67.3 365.0+71.2 332.67+50.6 324.33+60.4 ns
(mosM)

o

wnerg ARaed ldmudionssannumelunuiueuifernu uanaeddiieddny

o

* = IanuuanaNegitisd A (P<0.05)

'
o w

** = JIANUIANANDENTTBTIAYE (P<0.01)

o w

= 1 1 =%
ns = lifianuuanasedsiidodinn (P>0.05)

3N Kovitvadhi ef al. (2002)



MIINUINN 3 d’Ju‘].]’iSﬂ@ﬂ%ﬂﬂﬂ1ﬂ1iﬁﬂlﬂ31$ﬁ M199

50

ailseneu UM (mg/ml)  drusznou 11U (mg/ml)
NaCl 6,800 Adenine sulphate 10
Kcl 400 Guanine HCI 0.3
NaH,PO, H,0 140 Hypoxanthine 0.3
MgSO, 7H,0 200 .
: Thymine 0.3
CaCl, 200
Uracil 0.3
D-Glucose 1,000
Phenal red 17 Xanthine 0.3
NaHCO, 2,200 ATP Na, 1
DL-Alanine 50 AMP 02
L-Arginine O Ascorbic acid 0.05
DL-Aspartic acid 60 y
Biotin 0.01
L-Cystine HCI1 0.1
. Calciferol 0.1
L-Cystine 20
L-Glutamine 100 D-Ca-Pantothenate 0.01
L-Glutamic acid H,0 150 Choline chloride 0.5
Glycine 50 Folic acid 0.01
L-Histidine HCI 20 i-Tnositol 0.05
L-Hydroxyproline 10
F R Menadione 0.01
DL-Isoleucine 40
) Nicotinic acid 0.025
DL-Leucine 120
DL-Lysine HCI 70 Nicotinamide 0.025
DL-Methionine 30 p-Amino benzoic acid 0.05
DL-Phenylalanine 50 Pyridoxal HCI 0.025
L-Proline 40 Pyridoxine HCI 0.025
L-Serine 50 l .
Riboflavin 0.01
DL-Threonine 60
Thiamine HCI 0.01
DL-Tryptophane 20
L-Tyrosine 40 DL-Q-Tocopherol Phosphate Na, ~ 0.01
DL-Valine 50 Vitamin A 0.01
Glutathione 0.5 Cholesterin 0.2
Sodium acetate 50 2-Desoxy-D-Ribose 05
Fe (NO,) 0.1
3 D-Ribose 0.5
Tween 80 20
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aaoa 11

. 1wete iwenily
AU 7 . T
817 (W) I W) UmUn () 817 (W) I () nu (N UUn (n)
1.9, 49 86.00+14.8  43.42+7.9  30.97#58  66.45+23.0  84.76x17.5  43.16+9.8 30.81+7.7 63.88+30.8
5.9. 49 87.38+14.6  45.64+7.5  32.53%57 7851231 8638174  45.01£93 33.09+7.4 77.52+32.4
1.9. 50 88.60+14.6  45.98+7.6  33.95%5.6  90.13%234  87.60+174 4528495 34.55+7.5 87.99+32.6
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MNRUINN 2 anaeneludlves Hyriopsis (Limnoscapha) desowitzi OD: outer demibranch;

ID: inner demibranch

* A o I Aqy A = IA o .
Ao dwrianlmnzimoAny IFAa A UNUE 1 visceral mass
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Glochidia O
I Fish host

#2792, Life cycle ]

Fertyiiation

A
Juvenile
Adult
Q g

MNNHINA 3 1NFINVY Hyriopsis (Limnoscapha) desowitzi

2

MNNNUIN 4 voaunHiaeeen Hyriopsis (Limnoscapha) desowitzi




FEmsAInnzriaun et
Dissolved Oxygen (Azide Modification Method)

<3 1% 1 %’ 1
nudegailaluvia BoD
IANE1502 818 manganous sulfate 1 ¥a. TUY2A BOD
IANATaZaY alkaline iodide azide 3 ¥a. 11429 BOD
1AN H,80, tiudu 2 wa. luvaa BOD wildnznouazaie

v 1 1
a1911d10819 110 BOD 200 wa. lavia flask 11 500 ya.

¥ = % =)
noauuila 5 vea a2 ldasazare @iy

v \ . a ¥ a Y

Tansnde sodium thiosufate duAIIUIMe 11 Idensazarela
YSna lamsndeansazate sodium thiosufate (Ma.) A01/5319 Dissolved Oxygen

(ppmO,)
Ammonia Nitrogen (Indophenol Method)

) 9:: @ 1 i 9 1 % (] a )

W98 19NHIUNTNTBA 1a luuInAI9e19BATIZHINUIY 25 Ua.
IWIeNaATAZAY oxidizing solution IANE3a2a19 alkaline citrate 10 4a. 1A 5%
sodium hypochloride 2.5 1@. 84119739 oxidizing solution 1¥¥uAvIA MUTIAY
a sOl o T

ANE1582a18 phenol solution 1 ¥a. THYIAUIAIDE

a % L2 Ll
13 sodium nitroprusside 1 4a. Tuwanhaied1s

a o 901 3 )
1A% oxidizing solution 311U 2.5 Wa. TuvIA1AI0619
0 Ay g ' A v A
hmsazaen e lmAInsganaunaIdIenied spectrometer DR2000 640 nm
go’ y 901 % ] i Id

ASmanihnld 10 va.) Tasiihdieg1anmumsnsouily blank

o 1 A o =)
whamsganauues lddunamilSunaen Tullsnnaumsnasgu

ppm NH, = A-0.0018/ 0.5708

54
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Nitrite (Diazotization Method)

o %’ o ] {1 1 Y 1 a oo

Bnhdeganumsnseudr laluvindied1a3ns1Li91uIu 50 va.

- Y., L L2

AUAITLAY sulfanilamide 1 ¥a. TuvIAIAI0E19 1weT aana'ld 2 1w

a ’é @ [ 1 2’.; Qy

duasazate NED 1 va. luvimidrediae aanels 10 wa

o A ' A ] A

hmsazaen e lmAInsganauLaIdIenied spectrometer DR2000 585 nm
90’ { g @ 1 {0 Id

aSuanimld 10 ya.) TastithdeganmumInse il blank

) 1 A o '

whmmsganauues lldnnamniSua lulasinnaumsnasgiu

ppm NO, = A-0.001556/ 3.48

Nitrate (Cadmium Reduction Method)

) 9:: @ ] {1 1 Y [} a <o
Hnihdeganumsnseudd laluvindie6193ns 1z 914U 10 va.
1AW cadmium QO copper 31U 0.01 .
=) g % 1 1 a’l Qy
AUAI5LAY sulfanilamide 1 ¥a. JuvIardreg1awer aana’ls 2 1w

EY 1 1 Z/ Qg’
Buansazate NED 1 va. luvamindrediawe aanels 10 ua

0 Ay g ' A v A

hmsazanen e lmainsganaunaIfIenied spectrometer DR2000 500 nm
%,' { z % 1 {1 I~
aSuanimly 10 va.) Tastithdeg1anmunInse il blank

o 1 A o 4

whmmsganauues lddunamilSuna lulasinnaumsinasgu

wza 18 luasn Tviaedlu ppm NO-N
Hardness (EDTA Titrimetric Method)

viniethaiirumsnseanda Taluvia flask vuaa 250 wa. 11U 50 .
ANEI582A10 buffer 914U 2 Ua. TUvIa flask

NeAATAZAY indicator 91UIU 6 oA 92 1A TUILAY
lamsndreansazats EDTA anuaanlasuiudiitugdio burette

Pnailansndae EDTA (ua.) §aida 20 = Total Hardness (ppmCaCO,)
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Phosphorus (Ascorbic Acid Method)

o %’ o ] {1 1 Y 1 a oo
Bnhdedanumsnseuddlaluviadied1adinigisnuiy 50 ua.
M3 8UATALAY ascorbic acid solution
a . 9:: @ ] Qy Y =
1@ mixture 8 ¥a. aaluvrarhaiedna nald 10 wn

o A 1 A F) A
hmsazanen e lmAInsganaunaIRIenied spectrometer DR2000 890 nm

go’ § ’.f @ 1 {0 Id
aSuanimly 10 va.) Tastithdeg1anmumInIe il blank

] 1 A o [
whmmsganauues ldnnamniSunareareSavninaumsnasgiu

ppm PO,” = A-0.00057/ 0.6457
Calcium (EDTA Titrimetric Method)

FY 1 d' 1 1 o
Bideganmumnseadd laluaia flask ¥119 250 va. 914U 50 wa.
MuEIaza1e NaOH 2 wa. 11 flask

2 3 o Y A ! I A

1Y murexide 3142 0.2 0. a9 1UVIA flask (91U calcium ﬂzgﬂuﬁwm)
Y a A 2 A ]

lamsndreansazars EDTA mindsuwldsuiiuduiedae burette

Yinailamsndae EDTA (ua.) gaaae 20 = USunaunaiden (ppm CaCo,)

Free CO, (Titrimetric Method)

0819 umMIngoadd laluvia flask ¥a 250 va. 91U 50 WA,
o ] [ I 1 1
WeAA1382a10 phenolphtalein $1149U 10 vioa wenTmdnu duiludasuyiaasin Tl
miveuldeonludoase hldmsazarelali lamsnee
FY Y3 F)
laminane Na,Co, 0.0454 N vu Il udsunaae burette

Pnanlansndae Na,CO, 0.0454 N (a.) gAY 5 = Free carbon dioxide (ppmC0,)
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Alkalinity (Titration Method)

y 1 A 1 o

Hnhdedanmumsnsedudd laluvia flask ¥u1a 250 ¥a. 91U 100 V.

ey V9 Y Y o Y od A D,
MOAT1TaZA1Y phenolphtalein $112U 3 Won we lidinu dulludrunli lamsnnsa
o @ = [y A o [ I [
Mugzdu .02 N audsuyiiell duiinfSinanldnsaduzdulyl wa.) Tdiusaa p
WOAN1TALAY methyl orange 11U 4 YigA

— 4 .

lamsnane 0.02 N H,80, (a.) mnmrasuldewiuddu tuiinfsuanldnsa
o [ I 1
muzoulal wa.) Tiduar M
Yinai lamsndrsaisazais 0.02 N H,80, aaae 8.35 (P+M) = total alkalinity

(ppm CaCO,)
Silica (Molybdosilicate Method)

¥ 1 . o
11116198619 NHIUMTNTOIEITIUIY 50 Ua.
(@1 amonium molybdate 2 4. e
a [} é‘\‘, ay 9 S
@ HCI 1 Wa. e ganald 10 i
a [} ?zl/ 2 Y =}
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