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Abstract

Detailed morphological characters of Karualona were investigated based on
specimens collected from freshwater habitats throughout Thailand. The great variation in
differences of the morphology was found in both external and internal characters. However,
patterns of denticles at postero-ventral corner of valve and thoracic limb II are stable
among populations of each species so that they can be considered as good taxonomic
characters to separate them. In addition, it can be concluded that three Karualona;
Karualona iberica, Karualona karua and Karualona sp., are valid in Thailand. Of which, the

latter is proposed to be a new species.
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Executive Summary

The present study was aimed to perform a detailed morphological study of Karualona in
Thailand, check the validity of species and propose the good taxonomic characters for
identifying the species found in Thailand. The Karualona specimens were collected from
freshwater habitats throughout Thailand. Detailed morphological characters were examined
both external and internal parts, of which drawings and SEM were applied for studying fine
characters. Morphological comparisons of different population were made so that the
taxonomic status of the species level can be reviewed. The results showed high variation of
a number of outer and inner characters. Characters that showed high variations are 1) shape
2) size 3) ratio of maximum width and maximum height 4) size of postero-ventral
denticles on valves 5) number of postero-ventral denticles on valves 6) length of scrapers
of P2 7) postanal portion and length of anal groove of postabdomen and 8) embayment at
base terminal claw. Characters that show low variations are 1) keel of labrum 2) ES vs IS
on ODL 3) seta 3 vs. seta 4 of P3 4) seta 4 vs. seta 5 of P3 5) seta 4 vs. seta 5 of P5
6) PP vs. IP on head 7 )preanal angle and height of postanal angle 8) Setules of proximal
comb on terminal claw of PA 9) width at postanal and preanal corners of postabdomen
10) lateral fascicles of postabdomen 11) subdistal spines of postabdomen 12) pattern of
marginal setae of PA and 13) length of postabdomen. However denticles at postero—ventral
corner of valve and characters of scrapers on thoracic limbs II are stable among population
of each species so these two characters can be used to separate them. In addition, the
results indicated that three Karualona species; Karualona iberica, Karualona karua and

Karualona sp.; are valid in Thailand. Of which, the latter is proposed to be a new species.
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Gl"li”l\‘l‘ﬁ' 3.2 NMINIeA8YDN Karualona ﬁWUiuﬂﬁtLﬂﬂl‘ﬂﬂ 33

(6)



uni 1 unin

msAmnamlamenithuinlidesldiuanuaulanniin Tagwnwzadadamsdnm
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yeFaugAnmgann uannniienuulsiurasssesisaunasamuulaiussuindssnns
‘smﬁgqmﬂﬁmmsLﬂﬁlﬂuuﬂaqgﬂéwmuqQma (cyclomorphic changes) ﬁautﬂuﬂﬁﬂﬁwﬁtyﬁ
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Karualona L“ﬂuﬁﬂaqawfﬂqﬁLLﬂﬂaaﬂmmnaqa Alona (Dumont & Silva-Briano,

2000)  Ha9NNAANNUANA NN NHULNNFUFIUINEUszMS Taamawzadieds



senedmn Tutlagiuiimsnenumswuriialuana Karualona M8y 5 #iia #a K. alsafadii, K.
socostrana, K. penuelasi, K. karua WLa¢ K. iberica Togludszindlnafisiganumsny 2 4iia
@8 K. karua Wwaz K. iberica aghalsiony 1nmsanentlaedy (Maiphae, 2005; Maiphae et
al., 2008) wuiwﬁqaaqﬁﬁ@ﬁmmLLﬂipTuﬂmé’ﬂwmsmqﬁmgmiwﬂmmaﬁnumma:waumm
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Farfi @eawasivy da
1) anyenedugingues Karualona anwarlatheiidanuudsiuuazudsiuachals
2) WU Karualona UNGDEIFN (valid species) Tuunasinsssumalulsznealng
#iia wasluaiialath

3) anvarladuanwazmesynsaisiunanannsaldlumsdiuun Karualona udazaiinaan

Nnnnule

FUNAFIY

1) wintsznnstanuulsiunasdnyasmedugidne ligann waslidnvauziianansa
waniluaaslszmnslaganu lulssinalneinhazil Karualona Unngagase 2 gile

2) winanwaznNaugIuIngasdszmnslavanaienu Tudsenalnaiauiaszd
Karualona UsngagiiiNeaaiiauien

3) wndsemnsiiansaiuanaauainsousniugasusznnsladouasiisnwasi
waaNmfuINNaIuaINIauenlszmnanguiianuasiindondiaanaindas
Ussenatiuld Tudszmalnedanhazil Karualona Usingataisathaias 3 ila

aadszaed
1) Lﬁamwaaummﬁuuﬂiwaqﬁﬂwmzmqé’fmgm'ﬁ‘nmwmﬂm‘[ﬂmaimqa Karualona
fnuludszmnelng
2) Lﬁamaaaauamuzmqaqmu%muwamaﬂmLﬁaswaqa Karualona #wulu Usznelng
3) LﬁaLauaé’fﬂwmzmﬁmgm‘iwmﬁmm:au (good characters) Tumsdwunsiia Karualona

awvlulsznelne
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1. Mad19n L lumsanw
= Y v o & qy Ao 1 3’ =l 1 Sl
Aneadne Karualona $1uiunsdu Mudunnuvasihdaludsemdlnesenined w.a.
2541-2550 (Maiphae, 2005; Maiphae et al, 2008) thusiatuFqamuiindnlasldn

WNANAABUZNIAEN 20 m W@z 60 Lm Sn¥anweagnnuiisigasazaranasingy
[WNTY 4% wazUDANBFDALINTY 95% NHazBEATUNAUMBLEINGINTNG 2.1

@191 2.1 danuiiiudiadnaanlawmasans Karualona

U Code WHa 1IN
1 K101-K110 WupaNIema Wyollan
2 K201-K210 AuWeLEN WeLEN
3 K301-K310 uas CIENE
4 K401-K410 Taanamne dlvia
5 K501-K505 NUBIY 80351l
6 K601-K610 Tanuaame TLNGRE
7 K701-K703 NUDILE LNGRE
8 K801-K810 NUDIFTEA NUBIAE
9 K901-K910 MBI LNGRE

10 | K1001-K1010 NUDIY TLNGRE
11 K1101 nuaslszand gasaNil
12 | K1201-K1204 e 20351l
13 | K1301-K1310 wupalen YBUUAY
14 K1401 WUBINTBIUA YBULAY
15 | K1501-K1510 Tanaen VAU
16 | K1601-K1605 wuasihusidan o

17 | K1701-K1706 dan MEYIUY3
18 | K1801-K1810 WUDINEIE VY3

19 | K1901-K1910 NUBNATLNE UNY3
20 | K2001-K2010 NN 589




MINT 2.1 danuiiiudiadnealawmasnans Karualona (69)

GRToRT) Code wna NIN
21 | K2101-K2110 st lva 5889
22 | K2201-K2210 NUBIABNNTE 52809
23 | K2301-K2310 e EI5EN
24 | K2401-K2409 ueathdnama Unusil
25 | K2501-K2506 wgahdnama Unusil
26 | K2601-K2609 ugwhdema Unusil
27 | K2701-K2710 niudnizaasn N3
28 | K2801-K2805 WML UONS
29 | K2901-K2910 WML N
30 | K3001-K3002 NWNUY UNENG
31 | K3101-K3110 W3R e
32 | K3201-K3210 nWieY 1 "33
33 | K3301-K3310 W3eU 2 "33
34 | K3401-K3410 MUY 733
35 | K3501-K3502 gl 1 IVEN
36 | K3601-K3602 fqulu 2 IVER
37 | K3701-K3710 nearpy W9
38 | K3801-K3810 EIGIGE IVER
39 | K3901-K3910 nearpey IVGN
40 | K4001-K4010 nearpy W9
41 | K4101-K4105 EIGIGE IVER
42 | K4201-K4210 nearpy W9
43 | K4301-K4310 LMENTENDY W
44 | K4401-K4410 LMEWTENDY WA
45 | K4501-K4510 Tapuumen Uagnil
46 | K4601-K4610 WM UATATTIINIY
47 | K4701-K4710 WM UAIAITIINNY
48 | K4801-K4810 W B.umsiBN GNIRY!




MINT 2.1 danuiiiudiadnealawmasnans Karualona (69)

Ay Code wna NIN
49 | K4901-K4910 W17 B.AIULEN GAURY!
50 | K5001-K5010 W BTN GALY!
51 | K5101-K5110 N 8.u019NA GAULY!
52 | K5201-K5210 W 8.509d GA/RY)
53 | K5301-K5310 WM B.2zUL GALY!
54 | K5401-K5410 nuaslanwszen a9
55 | K7001-K7010 | vusstnidaudyzdssa gug ol

2. MINNAURNINNFIIAFDN

anatatenedunedanuinafinudain e gamgiit anugu eanudunse
1 a a o gj 1 o Y g’ < 4 PR & (%
a9 USanaeandaufiazareluin anrsiilniheeeiih wazanudu lagldinsasiiade
AMMWINNHIUN TN ULALIAINIATFIU (calibrated  water analysis  checker) wazuin
aNBUZNNNENMWIBILEEND WY Uszinnyesunasih mslvareai msUneguaaizin

Wudu

3. MINTIFBUMIDEN
3.1 MILATLINGIDEN

LaBNMIBEN Karualona 68N8899aNn33AULUUERGN (Olympus SZ-40) 1MGI0EN
snasewdladiilamsinmnanvasmadugine TeeneandweIuasuualad 1edathad]
onuasinanuazmaudanuundmedy  mduhiuiyuniddnuasusuilodladnouia
aladiilosmndedn Karualona flamaumn smdudaguiithumsdaszensd Tivhiadeu

dladlustuuudennu ualaidaaeduihiuiyneswukulodlad

3.2 MIANFUFIUINE

Anwszenednanue ae wWaen (valve) wiuTlaauw (head shield) wmﬂ@'ﬁ 1
(antennules) Wu’.lﬂfj‘ﬁ 2 (antenna) wHuUaduhn (Labrum) Iwauaulaiuy (postabdomen)
WBESEENIFNN 5 @ (thoracic limbs 1-5) lagdnszendaenanaadntnuaaiuas 0 uas



w3andladameidaenandey Annneazidseunszenede ) aaenaasganssmituue
1U92ndU (compound microscope)
Fnwazmedaugninenillumsinm
1) g‘lJ‘Z;’N (shape)
2) U0 (size)

[ [
= =

3) é’mwdauiwinmmni’wﬁmﬂﬁqﬂLLazmmgwgwq@ (ratio of maximum width
and maximum height)

4) PUNAYBIVINNUI UMM Uazawldan (size of postero-ventral denticles on
valves)

5) HnumnuvsnadIumMeauazawlden (number of postero-ventral denticles on
valves)

6) suusnaunulaaiutn (keel of labrum)

7) d0§IU5ENIN External seta (ES) 182 Internal seta (IS) USLI8M Outer distal lobe 289
g# (ES vs IS on ODL)

8) MNNYNIUDY scraper uum@'ﬁ 2 (length of scrapers of P2)

9) ANNENYBY seta 7 3 LWIBUTBUAUAMNENYDY seta T 4 Uumfgjﬁ 3 (seta 3 vs. seta
4 of P3)

10) @NNENIYN seta 1 4 WW3BUBUAUANNENIVBY seta 7 5 uum@'ﬁ 3 (seta 4 vs.
seta 5 of P3)

11) @NNENIVEA seta 1 4 W3pufiBuiuANNEIVEY seta # 5 Uu"znej*?; 5 (seta 4 vs.
seta 5 of P5)

12) 528252%WIN PP waz IP uun (PP vs. IP on head)

13) @NNENIVANEIU postanal UL anal 2AN postabdomen (postanal portion and length of
anal groove of postabdomen)

14) &!&I‘U%L’Jm preanal LLGZﬂNN’gQU%LQm postanal (preanal angle and height of postanal
angle)

15) UV terminal claw 289 postabdomen (Setules of proximal comb on terminal
claw of PA)

16) iaﬂTﬁQU%Lamgﬂuﬂaq terminal claw (embayment at base terminal claw )

17) AMNNINYDY postanal L8 preanal 2aN postabdomen (width at postanal and preanal

corners of postabdomen)



18) (@ UUUS UM UTNNY DY postabdomen (lateral fascicles of postabdomen)

19) Spine USIMaIUUaN8UDN postabdomen (subdistal spines of postabdomen)

20) gﬂLLU‘U"lIaQLguﬂuU%L’JmilaU?laU postabdomen (pattern of marginal setae of PA)
21) @NNENIYN postabdomen (length of postabdomen)

3.3 MINAMN
NAMWIEENAGN 1 denaesganssaiuvumisznavndanugunsaizdialumsna

MW (camera lucida)

3.4 Maldsudmagaiemsmamniendawanssmidanasay

w3sndagaiiadnnneazdaaiinindendasganssaidianasa (scanning
electron microscope) 10 1h@ageirumshanuazanaudnkutuaaumsinhaan
(dehydration) lagehualaeneluwaanagadanuntusesaniaslisnn fa 10%, 30%,
50%, T0%, 90%, 95%, 96% Wwar 100% luueazANNINTUlFINLTAIBEN 30 WIH
wé’qmﬂﬁuﬁwﬁaathl,ﬁ'wgiﬂizmums Critical Point Drying (CPD process) H19I88NINUY
stubs WNALFUEIUGUENSIN 10 TaAWAT UazlaNaIenad MeMWAIENEDIRaNIIAUBLANG
saui;u JSM-5800LV (JEOL) to show details.

4. MAATVTBYS
AANZAONNNTDULBLANNUANGNYBY Karualona NnUszrIngene ) Taaldanweus
INAUFIUINEG 21 anBay



Untl 3 MANISANHILALALATISHHANITANY

1. UansANHIANHMENNEUFINING
PNMIANBNHULNNTUFIUINGMAUDNAINGNIZNAU WU SNHUTMLUDN AD
WO UAZFATIUANNATNUATANNENMIBIIINT  lilienuuanaeiuserinlsznns &

NUBLLDYNVDIDN BN AN NI

1.1 @XuNI (width) @1NE12 (length) UAEFAEIUAINNIIUALAIINYNIYDIAIND
(W:L ratio)

NAMSANEIANUAIN AN UBZFAEIUANNNINUBLANNENIVDIEINT 28
FatenuaEY 277 @08 WU Karualona Sianunhaussemueuasidogluz
#laiuanensfusthedaiau (mw‘?i 3.1) lagmadndiuluva (95%) ldasadnanunings
ANNEMPBIEITIUsEINm 1:1.5 89 1:1.6 uaziidhagaiieadszana 5% HRsanaIuaNw
A edeAMNENMYBIEIGINT fa 1:1.3 wargand @d 1: 2.0 (mwi 3.2) ugaslifiui
snauazdadinasarilifianuuandetululszmnsuazszualsenns Falanuiuuds

Tuzueu Ao 1:1.3 89 1:20

ANN 3.1 LENANNFNWUSTEVINANNAINUALANNENIYINEI MU NI UIU 277

MBEN



NN 3.2 LFMIDATFIUTEIINANNNINLAEANNENIYBIEINIYBIAIDENTIUIU 277

MBEN

1.2 31]5'1\1 (Shape)

KM 3ANEN3UNweITI0EN Karualona wuh fateanuefiguhaduguieguls
(mw‘?; 3.3) leggUsnbiienuuandnnuludssnnsuasszningszmns  uaaslvdiuh
sUhaudnuasiifamnuiiuulse aslsionuiilasnniludnvasilifionuuanda

serninUszng WikaansalfdusnuaeNuenaNNUANINTEYIN Karualona ueasuiio Lo
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MWl 3.3 JUNY8Y Karualona inuluiszinelng

1.3 AnvaEmnNi Ui suasdInn (postero-ventral corner of valve)
HAMSANNANBENNREIUNEYBIE (postero-ventral corner of valve) WU
ANUVAINYAIBYBITNNY  JULUUMSITING 2100 LLa:é’ﬂwm:wawumﬁﬂmnggﬁﬁﬂu
Usznsuazsenindszang (mwﬁ 3.4) lag
1.1 NOUMNY WURILG 2-4 B
1.2 MSL38N60 WU
1) Geavinnu legdnngmsiBeaizaauduai 4-5 @ussniNmnuuaszau
2) Banaanu laaUsnngmaissasaiduau 4-5 1du vinalaunnuueazay
1.3 U0 wuﬁywmmmmﬁﬂ (K306) u,a:mum’zmmiwaj (K404)
1.4 NHULHUIN WU
1) anwaseuvan (K405)
2) anuazay (K304)
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NNG 3.4 UFNANHULHNNNTIUMNEVDIEA (postero—ventral corner of valve) 2BNMIBDEN

Karualona wululszmnelng
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Fednwazrasmnuiiunnguinamersssimidiludneasd dydnvusnilily
Yagtulglumsiuunuiinueq Karualona (Dumont & Silva-Briano, 2000) saldvhanuaed
WuSauiaus US BRIy LA Az ETiAT Dumont & Silva-Briano (2000) lesenuly
(MW 3.5) azfiulednenge Karualona Tulszimndlng fisnuwaemnauusnarheuessien
F00ABDINUINHULNUINYDY Karualona 2 %10 P8 Karualona karua way Karualona iberica
waziidhaehs Karualona veUseannsiilansazmnuusnamesisiuandelunndiateisl
senusnnaululan (K7001 wae K7002)

1. MEX 2. SEN 4‘,& 3. W AUS 4,0
#
3 .
50 %
Z1
==

\
Q}Tﬁ@

pm

H“_‘h-_

Z ———

M\m\&%@@

MWD 3.5 LFNANHULWINNUSIAUMEYBIEIA 288 1. Karualona pennuelasi MINUILNALNN
-%ln 2.Karualona karua MnUsznABLUNDa waz 3. Karualona iberica nUszine
20aL®5188 (Dumont & Silva-Briano, 2000)

1.4 9nuaue postabdomen (mw‘?i 3.6)

HAMSANMSNHYALE postabdomen WDGIBENN Karualona fiwululszinelng wuh §
ANUBNNUBUAZULUTH DY

1) U389 postanal margin Faflmalaany (K401)uariisoandin (K307, K404,
K405)
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2) dAeIUTTHIN preanal LLe% postanal margin ‘?;QU'N(;II’JEIEI"N preanal margin €130
postanal margin (K307, K404, K405) UBZUNIDEN preanal margin guﬂ’j‘l postanal margin
(K401)

3) ANHUZAINTDEADITWIN terminal claw AU postabdomen Feslnanvanednwoe
whu TR Husesu Wuwdn Wugudvass uas

4) denticles Feflanuvannvmeuasuy wazpne udu

K404

P wy e

I

P

K401

w“‘\“ “ﬁWﬁ w |1'l1'|1n1““‘“:\\\\\~ /-/ .

K405 \
nT

\m\ “N! r,\wl‘ il 1 '!ﬂ,\ mm“\\\.

50 um

AN 3.6 LFAIANEAE postabdomen 2BIAIBENN Karualona inuluusindlne
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K10 Ratchaprapa swamp

=
w_w/

Chawack marsh

m

PR

100 um

AN 3.6 LFAIANHE postabdomen 2B4MIBEN Karualona iwuludseinalng (da)

Fadnwoer  postabdomen ‘7;ﬂénmﬁtﬂué’nwmxﬁwﬁtyé’ﬂvmzwﬁqﬁ’luﬂwﬂ’ﬂﬂumi
$unyiinuas Karualona (Dumont & Silva-Briano, 2000) 39leihanwaeiinuiSsuiiau
AUSNHZIANILYDILGSE AT Dumont & Silva-Briano (2000) lasanuls (mwdl 3.7) az
Wiula e Karualona ludszindlng  Hanwaie postabdomen H0AARBNNUNNHOL
postabomen 28N Karualona LL‘V]UV!ﬂ‘Ziﬁﬂ Iﬂﬂawﬁmmaamé’mﬁ’uLtda:%ﬁﬂluﬁnwmzﬂaﬂﬁ
unneenuaanly fa
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1) 3U979989 postanal margin WUNHANWMEABATNUNNBHANNTIENY
2) d@dIUTEWIN preanal tae postanal margin WUNNAMIBENNTANNANEATINUND
%1l
3) ANHUTAINTDEADITWIN terminal claw MU psotabdomen FNNRAINUAILANHL
! v < + < s <) o P 2] 1o % 8 @ . .
wiu Tavay Wusesn Wundn (Jusudmdey sawuiianueaeadeny Karualona iberica

e Karualona karua

NIND 3.7 UFNANHE postabdomen vl Karualona 2Hiaens 9 1. Karualona socotrana
2. Karualona penuelasi 3. Karualona iberica 4. Karualona alsafadii Lo

5. Karualona karua (Dumont and Silva-Briano, 2000)
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1.5 anweMe scrapers ‘llEN‘ZﬂEj"?l 2 (scrapers on P2) (MW 3.8)
aNWOE scrapers PANIIAN 2 HANNUANGNAY 3 LU AD

1) (&N Karualona Nl scraper 1 JunN scraper 2

2) 698N Karualona N scraper 1 g naLAeENny scraper 2

3) @08 Karualona Nl scraper 1 8N scraper 2

50 um :

AN 3.8 ANHME scrapers YDA 2
< Y d‘ = v ld'd s e d‘
auiuldd  Karualona  fiwvludssmalnefisnvasniionuiduulsnaneansoue 9

$A Ao MNNIUNEUTIMEIN LasaNBMEYN postabdomen FWUNIMIHUUYTFNaly
Usznnsuazseninysemns uwazUnnganuaznianudaNaINUszwiN Karualona 2 516

$¥3aNINA

a S a P
2. IA5I1LHTHA Karualona Nsngludszmelng
NIMIANNENWUNIVNG §N5052YyBlle Karualona Mwuludszmalnglenadu 3
%1l@ A0 Karualona iberica, Karualona karua Wa¢ Karualona sp. Toafianwauznaanse lauen

ANNLANANITEHINEINTUR A1
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MM 3.1 ANNUANANITNINUSEIINT K.iberica, Karualona karua Waz Karualona sp. i

wuludsznelng
ANVUL/BUR K. iberica K. karua Karualona sp.
1. 80BNy WNNENMWNNY  Jdu | vinuEeedeny § | winuSesasiany
FIUMeVDIaIN YULBN ) STV INMNNUGDE | LFUAULEN s | Wuvdneaiansans
(postero-ventral afy WONUODZOU
corner of valve
2. ?116;11'17; 2 Scraper 1 gum'm%aﬂn Scraper 2 ﬁzuﬂ’j’l scraper | Scraper 1 g’un'jm'%'a
Wa 9 Ay scraper 2 1 ENIND ) Ay scraper 2

stioulumsiuunsiin Karualona Tudssinalne

LS EAITANU L UPET N AT IEAITNT et ee e seeeaene Karualona sp.
WNWSENAIVNNY TLFUDUEN T TEWTNRIUINUADED Mo cveeerreeeeecee s 2
2. Scraper 1 ‘ZIEN“ZI'I@J'?; 2 é';'uﬂ’im%amawa ) AU SCTAPET 2.evviinnrinniernirennennns Karualona iberica
Scraper 2 ilaﬂ"lleﬁ 2 ’é{zuﬂﬁﬂ Y03 10153 S PR Karualona karua

3. MadugdnuynsYag Karualona inuludsemalne

1. Karualona iberica Alonso & Pretus, 1989

Materials examined:

Southern Thailand: two parthenogenetic females, examined complete and thereafter dissected,
from Thungtong swamp, Keinsa District, Suratthani Province (8" 52.66°N, 99°11.83’E),
southeastern Thailand, temperature 29°C, pH 6.4, conductivity 0.39 and salinity O ppt.,
collected date 01-10-1999, collected by the author, SM.

Northeastern Thailand: five parthenogenetic females, examined complete and thereafter
dissected, from Boak swamp, Khon Kean Province, northeastern Thailand, collected by the

author, SM

Central Thailand: two parthenogenetic females, examined complete and thereafter dissected,

from Chawak marsh, Supanburi Province, central Thailand, collected by the author, SM.
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The details of morphological study

Species description (see figures 3.9-3.11)

Parthenogenetic female

General shape (figs.3.9a-c, 3.11a-d): sub-rectangular in lateral view, maximum height at []
of body. Length 0.32-0.35 mm, about 1.2-1.4 times maximal height (n=9). Dorsal margin
forms curve. Postero-dorsal and postero-ventral angles almost round or forming a small
hillock. Posterior margin slightly concave, postero-ventral corner broadly rounded, with 2-3
denticles but mostly three. Antero-ventral corner rounded. Ventral margin almost straight,
anteriormost with about 10 marginal setae followed by 20-25 slender setae, gradually
decreasing in length toward posterior end. Posteriorventral margin with row of small setules.

Valve ornamentation reticulation.

Head (figs.3.9a,d, 3.11a-b, f): Relatively small. Rostrum short, pointing downward.
Compound eye present, larger than ocellus, distance between eye and ocellus shorter than
distance from tip of rostrum to ocellus. Posterior margin of head shield angulated. Two
connected major head pores, of same size, with a narrow connection between them (fig.3.9d,

3.11f).

Labrum (figs.3.9¢, 3.11e): large, with a rounded or polygon-like anterior, lateral indentation

large (fig.3.9¢).

Postabdomen (fig.3.9h): wide about 2.2 times as long as high, distal part about 1.5 times
longer than preanal portion. Proximal portion with almost parallel dorsal and ventral margin
round, gradually narrowing distally. Anal margin slightly concave, with distinct pre-and
postanal corner. Lateral fascicles: 12-13 postanal groups, each consisting of 3-12 denticles.

Marginal denticles: 15-16 groups of single spinule, gradually increasing in size distally.

Terminal claw (fig.3.9h): Equal in length to preanal portion. Basal spine short, as 1/8 of the

claw, row of small setules from the base of basal spine to distal end.
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First antenna (antennule) (figs.3.9a, f): short, not reaching tip of rostrum. Body compact,
rod-like, about twice as long as wide, three rows of small spines on inner and outer side of

body.

Second antenna (figs.3.9a,g): long (fig.3.9a), antenna formula, setae 0-0-3/0-1-3, spine
1-0-1/0-0-1. All setae bisegmented, seta arising from the basal of second segment of
exopodite with a spinule at the point of segment articulation. Spine of basal segment of
endopodite as half length as its segment. Terminal spines shorter than terminal segment of

exopodite.

Trunk limb: six pairs

First trunk limb (P1) (fig.3.10a): Outer distal lobe (ODL) with one seta, slender and
bearing long well-spaced setules. Row of small spines present at the base of ODL. Inner distal
lobe (IDL) with three setae (I-1II), seta I and II equal in length, the same length as ODL seta,
second segment unilaterally armed with long well-spaced setules, seta III short as 1/3 of seta
I-1I. Endite 3 (E3) with four plumose setae (1-4) subequal in length, armed with short
setules distally. Endite 2 (E2) bearing three apical setac (5-7), of which seta 6 the longest,
all setulated. Endite 1 (E1) with two apical setac (8-9), as the same length, seta 8
unilaterally with fine setules, seta 9 armed with long setules basally and shorter distally.
Groups of slender spinules present more radial on inner side of endite 2. Trunk with 5-6 rows
of slender spines laterally. Basally two long and slender ejector hooks, subequal in length,

unilaterally armed with short setules. Epipodite and gnathobase not seen.

Second trunk limb (P2) (figs.3.10b-c): Epipodite not seen. Exopodite (EX) round-
elongated, small setules apically. Endopodite (EN) triangular, with eight scrapers (1-8),
generally decreasing in length towards gnathobase though scraper 3 shorter than scraper 4, all
scrapers bisegmented, similar unilaterally armed with fine setules distally, though scrapers 3
and 5 armed with more strong setules, one small sensillum (sn) between base of scraper 1 and

2. Distal armature of gnathobase (GT) with two elements (I-1I), naked.
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Third trunk limb (P3) (fig.3.10d): Epipodite not seen. Exopodite (EX) globular, bearing
seven setae (1-7): seta 1 and 2 located laterally, in typical V-formation, seta 1 longer than
seta 2, both bilaterally setulated, seta 4 slender and longest, bilaterally setulated, setae 5 and 6
similar in length, as 1/3 of the longest, similar armed with bilaterally setulated, seta 7 about
half of seta 6.

Endopodite (EN) divided to two rows; anterior row, setac 1 and 2 stout, as the same
length, distally armed with short well-spaced setules, setae 3-5 more slender, bilaterally
setulated distally, one rod-like seta, naked; posterior row with five setae, similar in length and
all bilaterally setulated. Gnathobase (GT) with three elements (I-III), element I long, curved
inwards, unilaterally setulated, element II and III shorter, naked, fused at the base of each

other. Gnathobasic filter comb with six (?) setae.

Fourth trunk limb (P4) (fig.3.10e): Epipodite not studied. Exopodite (EX) round, bearing
six setae (1-6) with generally gradual increasing in length anteriorly though seta 3 longest, as

6-7 times of the seta 6 , the shortest, all slender, bilaterally setulated with long setules.

Fifth trunk limb (P5) (fig.3.10f): Pre-epipodite (PEP) and Epipodite (EP) rounded,
setulated apically. Exopodite (EX) clearly bilobed, bearing four apical setae (1-4); anterior
portion smaller than posterior portion, setae 1-3 on anterior portion, seta 2 longest, setae 1
and seta 3 gradually smaller, respectively, all setulated; posterior portion larger, more round,
bearing one seta (seta 4), length as 1/3 of the longest.

Endopodite (EN) larger, more ovoid, setulated apically, two endopodite setae setulated

distally, one as 2/3 of another.

Differential diagnosis:
This species can be distinguished by its postero-ventral corner of valve forming 2-3

denticles or may be up to 4 in some specimens, including its relatively minute basal spine.

Distribution:
Tropical regions. It has been recorded throughout Thailand (Maiphae et al., 2005;
2008)



21

WA 3.9 Karualona iberica Dumont & Silva-Briano, 2000: MBI ErBNALI gL
-1B8 2.9NFI MW a, G1UZIN AN b, labrum, MW c-d, postabdomen FLAFUNT =
100 lulasuns



Sua

g

7MW 3.10 Karualona iberica Dumont & Silva-Briano, 2000: SENNAUBIMLAN LWL
NINLBUBY 2.WNJI MW a, 296N 1 MW b, WIGN 2, MW c-d, 2187 3,

MW e, MGN 4, MW f-g, 267 5 aLnawns = 100 ulasiues
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7MW 3.11 Karualona iberica Dumont & Silva-Briano, 2000: MdsdewAiznANzeae
2.WNG MW a-b, MWHUINYBIAUANTY MW c-d, MNNUIDAUMUNEYD
éhsfﬁ, MN e, labrum, NN f, headpores anauns = 100 lulaswuns

2. Karualona karua
Materials examined:
Southern Thailand: two parthenogenetic females, examined complete and thereafter dissected,
from ricefield, Cheinyai District, Nakhonsithammarat Province, southeastern Thailand,

collected date 10-2008, collected by Pussadee Choikaew.
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The details of morphological study

Species description

Parthenogenetic female

General shape: sub-rectangular in lateral view, maximum height at ] of body. Length 0.32-
0.35 mm, about 1.2-1.4 times maximal height (n=9). Dorsal margin forms curve. Postero-
dorsal and postero-ventral angles almost round or forming a small hillock. Posterior margin
slightly concave, postero-ventral corner broadly rounded, with 2-3 denticles but mostly three.
Antero-ventral corner rounded. Ventral margin almost straight, anteriormost with about 10
marginal setae followed by 20-25 slender setae, gradually decreasing in length toward
posterior end. Posteriorventral margin with row of small setules. Valve ornamentation

reticulation.

Head: Relatively small. Rostrum short, pointing downward. Compound eye present, larger than
ocellus, distance between eye and ocellus shorter than distance from tip of rostrum to ocellus.
Posterior margin of head shield angulated. Two connected major head pores, of same size, with

a narrow connection between them.

Labrum: large, with a rounded or polygon-like anterior, lateral indentation large.

Postabdomen: wide about 2.2 times as long as high, distal part about 1.5 times longer than
preanal portion. Proximal portion with almost parallel dorsal and ventral margin round,
gradually narrowing distally. Anal margin slightly concave, with distinct pre-and postanal
corner. Lateral fascicles: 12-13 postanal groups, each consisting of 3-12 denticles. Marginal

denticles: 15-16 groups of single spinule, gradually increasing in size distally.

Terminal claw: Equal in length to preanal portion. Basal spine short, as 1/8 of the claw, row

of small setules from the base of basal spine to distal end.

First antenna (antennule): short, not reaching tip of rostrum. Body compact, rod-like, about

twice as long as wide, three rows of small spines on inner and outer side of body.
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Second antenna: long, antenna formula, setae 0-0-3/0-1-3, spine 1-0-1/0-0-1. All setae
bisegmented, seta arising from the basal of second segment of exopodite with a spinule at the
point of segment articulation. Spine of basal segment of endopodite as half length as its

segment. Terminal spines shorter than terminal segment of exopodite.

Trunk limb: six pairs

First trunk limb (P1): Outer distal lobe (ODL) with one seta, slender and bearing long well-
spaced setules. Row of small spines present at the base of ODL. Inner distal lobe (IDL) with
three setae (I-IIT), seta I and II equal in length, the same length as ODL seta, second segment
unilaterally armed with long well-spaced setules, seta III short as 1/3 of seta I-II. Endite 3
(E3) with four plumose setae (1-4) subequal in length, armed with short setules distally.
Endite 2 (E2) bearing three apical setac (5-7), of which seta 6 the longest, all setulated.
Endite 1 (E1) with two apical setae (8-9), as the same length, seta 8 unilaterally with fine
setules, seta 9 armed with long setules basally and shorter distally. Groups of slender spinules
present more radial on inner side of endite 2. Trunk with 5-6 rows of slender spines laterally.
Basally two long and slender ejector hooks, subequal in length, unilaterally armed with short

setules. Epipodite and gnathobase not seen.

Second trunk limb (P2): Epipodite not seen. Exopodite (EX) round-elongated, small setules
apically. Endopodite (EN) triangular, with eight scrapers (1-8), generally decreasing in length
towards gnathobase though scraper 2 longer than scraper 1, all scrapers bisegmented, similar
unilaterally armed with fine setules distally, though scrapers 3 and 5 armed with more strong
setules, one small sensillum (sn) between base of scraper 1 and 2. Distal armature of

gnathobase (GT) with two elements (I-1I), naked.

Third trunk limb (P3): Epipodite not seen. Exopodite (EX) globular, bearing seven setae
(1-17): seta 1 and 2 located laterally, in typical V-formation, seta 1 longer than seta 2, both
bilaterally setulated, seta 4 slender and longest, bilaterally setulated, setac 5 and 6 similar in
length, as 1/3 of the longest, similar armed with bilaterally setulated, seta 7 about half of seta

6.
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Endopodite (EN) divided to two rows; anterior row, setac 1 and 2 stout, as the same
length, distally armed with short well-spaced setules, setae 3-5 more slender, bilaterally
setulated distally, one rod-like seta, naked; posterior row with five setae, similar in length and
all bilaterally setulated. Gnathobase (GT) with three elements (I-III), element I long, curved
inwards, unilaterally setulated, element II and III shorter, naked, fused at the base of each

other. Gnathobasic filter comb with six (%) setae.

Fourth trunk limb (P4): Epipodite not studied. Exopodite (EX) round, bearing six setae (1-
6) with generally gradual increasing in length anteriorly though seta 3 longest, as 6-7 times of

the seta 6 , the shortest, all slender, bilaterally setulated with long setules.

Fifth trunk limb (P5): Pre-epipodite (PEP) and Epipodite (EP) rounded, setulated apically.
Exopodite (EX) clearly bilobed, bearing four apical setae (1-4); anterior portion smaller than
posterior portion, setae 1-3 on anterior portion, seta 2 longest, setac 1 and seta 3 gradually
smaller, respectively, all setulated; posterior portion larger, more round, bearing one seta (seta
4), length as 1/3 of the longest.

Endopodite (EN) larger, more ovoid, setulated apically, two endopodite setae setulated

distally, one as 2/3 of another.

Differential diagnosis:
This species can be separated from Karualona iberica by length of scraper 2 is longer

than scraper 1.

Distribution:

It has been recorded in some places in Thailand (Maiphae et al., 2010)
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3. Karualona sp.
Karualona sp. 1 Karualona Nilanuaizuneusemsliaannaainy Karualona Niagd
NenuInaunini lumsanwmesaiasletauatiy Karualona #iialvduadlan lasdanuos

A4 4 O9il

Materials examined:
Southern Thailand: ten parthenogenetic females, examined complete and thereafter dissected,
from Rachaprapa dam, Suratthani Province, southeastern Thailand, collected date 19-03-

2010, collected by the author, SM.

The details of morphological study

Species description (see figures 3.12-3.14)

Parthenogenetic female

General shape (fig.3.12): sub-rectangular in lateral view, maximum height at [] of body.
Length 0.32-0.35 mm, about 1.2-1.4 times maximal height (n=10). Dorsal margin forms
curve. Postero-dorsal and postero-ventral angles almost round or forming a small hillock.
Posterior margin slightly concave, postero-ventral corner broadly rounded, with row of
denticles. Antero-ventral corner rounded. Ventral margin almost straight, anteriormost with
about 10 marginal setae followed by 20-25 slender setae, gradually decreasing in length
toward posterior end. Posteriorventral margin with row of small setules. Valve ornamentation

reticulation.

Head (fig.3.12): Relatively small. Rostrum short, pointing downward. Compound eye present,
larger than ocellus, distance between eye and ocellus shorter than distance from tip of rostrum
to ocellus. Posterior margin of head shield angulated. Two connected major head pores, of

same size, with a narrow connection between them.
Labrum (fig.3.12): large, with a rounded or polygon-like anterior, lateral indentation large.

Postabdomen (fig.3.13): wide about 2.2 times as long as high, distal part about 1.5 times

longer than preanal portion. Proximal portion with almost parallel dorsal and ventral margin
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round, gradually narrowing distally. Anal margin slightly concave, with distinct pre-and
postanal corner. Lateral fascicles: 12-13 postanal groups, each consisting of 3-12 denticles.

Marginal denticles: 15-16 groups of single spinule, gradually increasing in size distally.

Terminal claw (fig.3.13): Equal in length to preanal portion. Basal spine short, as 1/8 of the

claw, row of small setules from the base of basal spine to distal end.

First antenna (antennule) : short, not reaching tip of rostrum. Body compact, rod-like, about

twice as long as wide, three rows of small spines on inner and outer side of body.

Second antenna: long, antenna formula, setac 0-0-3/0-1-3, spine 1-0-1/0-0-1. All setae
bisegmented, seta arising from the basal of second segment of exopodite with a spinule at the
point of segment articulation. Spine of basal segment of endopodite as half length as its

segment. Terminal spines shorter than terminal segment of exopodite.

Trunk limb: five pairs

First trunk limb (P1) (fig.3.14a): Outer distal lobe (ODL) with one seta, slender and
bearing long well-spaced setules. Row of small spines present at the base of ODL. Inner distal
lobe (IDL) with three setae (I-1IT), seta I and II equal in length, the same length as ODL seta,
second segment unilaterally armed with long well-spaced setules, seta III short as 1/3 of seta
I-1I. Endite 3 (E3) with four plumose setae (1-4) subequal in length, armed with short
setules distally. Endite 2 (E2) bearing three apical setae (5-7), of which seta 6 the longest,
all setulated. Endite 1 (E1) with two apical setac (8-9), as the same length, seta 8
unilaterally with fine setules, seta 9 armed with long setules basally and shorter distally.
Groups of slender spinules present more radial on inner side of endite 2. Trunk with 5-6 rows
of slender spines laterally. Basally two long and slender ejector hooks, subequal in length,

unilaterally armed with short setules. Epipodite and gnathobase not seen.

Second trunk limb (P2) (figs.3.14d): Epipodite not seen. Exopodite (EX) round-elongated,
small setules apically. Endopodite (EN) triangular, with eight scrapers (1-8), generally

decreasing in length towards gnathobase though scraper 1 shorter than scraper 2, all scrapers
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bisegmented, similar unilaterally armed with fine setules distally, though scrapers 3 and 5
armed with more strong setules, one small sensillum (sn) between base of scraper 1 and 2.

Distal armature of gnathobase (GT) with two elements (I-II), naked.

Third trunk limb (P3) (figs.3.14e-f): Epipodite not seen. Exopodite (EX) globular, bearing
seven setae (1-7): seta 1 and 2 located laterally, in typical V-formation, seta 1 longer than
seta 2, both bilaterally setulated, seta 4 slender and longest, bilaterally setulated, setae 5 and 6
similar in length, as 1/3 of the longest, similar armed with bilaterally setulated, seta 7 about
half of seta 6.

Endopodite (EN) divided to two rows; anterior row, setae 1 and 2 stout, as the same
length, distally armed with short well-spaced setules, setac 3-5 more slender, bilaterally
setulated distally, one rod-like seta, naked; posterior row with five setae, similar in length and
all bilaterally setulated. Gnathobase (GT) with three elements (I-III), element I long, curved
inwards, unilaterally setulated, element II and III shorter, naked, fused at the base of each

other. Gnathobasic filter comb with six (%) setae.

Fourth trunk limb (P4) (fig.3.14¢g): Epipodite not studied. Exopodite (EX) round, bearing
six setae (1-6) with generally gradual increasing in length anteriorly though seta 3 longest, as

6-7 times of the seta 6 , the shortest, all slender, bilaterally setulated with long setules.

Fifth trunk limb (P5): Pre-epipodite (PEP) and Epipodite (EP) rounded, setulated apically.
Exopodite (EX) clearly bilobed, bearing four apical setac (1-4); anterior portion smaller than
posterior portion, setae 1-3 on anterior portion, seta 2 longest, setac 1 and seta 3 gradually
smaller, respectively, all setulated; posterior portion larger, more round, bearing one seta (seta
4), length as 1/3 of the longest.

Endopodite (EN) larger, more ovoid, setulated apically, two endopodite setae setulated

distally, one as 2/3 of another.

Differential diagnosis: This species can be distinguished by its postero-ventral corner of valve

forming row of denticles.
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Biology: mostly found in freshwater habitat which covered with aquatic plants

Distribution: It has been found from Rachaprapa dam, Suratthani Province, Natam swamp,

Trang Province, Southern Thailand

100 um

MWl 3.12 Karualona sp.: du@n3aiweiis Mnvusuh@eusyslszm 12.§5ug501#
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a
K10 Ratchaprapa swamp

MWA 3.13 Karualona sp.: S58AuaIfmenaiwaLiis Nnvuauh@ausynlszm 2.g9ug3
- 571 MW a, dNHME postabdomen MW b, FNVULWUINNUI UM UINEVDY
&7 dnats = 50 lulasiuns
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AW 3.14 Karualona sp.: S&NAN2a9a i eweile nnvuanihdausuyyszm

A gNBL U MW a, 58NAIEN 1 (thoracic limb 1); MW b-d, 58NANGN 2

(thoracic limb 11); MW e-f, S8NANGN 3 (thoracic limb I1); MW g, TENA
@7 4 (thoracic limb IV); &tnaws = 50 lulastues
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4. M3N3EN YYD Karualona iwvlunlszmelng
NNMIATIIFAURIAENNINURANNTANIUSENA WU Karualona iberica (Tuziio
ifimanssnaldammagimeveniszmalng (99l 3.2) Karualona karua tlaqthumwy
nszngludeagiime fa Mmanziueenilewmilouazmald we Karualona sp. WUNFENE
awelumeld  adnlsfion  wnfimsAnnluuvdaihdadadumaiazainsony

Karualona aawziiala lunngiimeazasszmealneg

@3N 3.2 MINTzA8UAN Karualona Mwululszmelng

- NIINITANY
TUA
N NE W E S
1. Karualona iberica + + + + +
2. Karualona karua + +
3. Karualona sp. ¥

Note: + = U504, N=mawiiia, NE=maaziuaani@eawiila, W= manziuen,

E= Manziuaan, S= Mala
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uni 4 agﬂmam'sﬁﬂm

Y v

NNUBNIIANEINITONDUAIDINYBINITBUaTENNAFIU AR

ANVULNNFUFIUINEN2DY Karualona anwazlothenianuudsiunazulsauaenls
NANAMTANINUN
@ PP @ ' o
anuausni AN utds ludanINg
1) gﬂS'N (shape)
2) e (size)

[ [
= =

3) é’mwdmssmwmmni’wﬁmﬂﬁgﬂLLazmmgwgwqﬂ (ratio of maximum width
and maximum height)

4) 2UNAVNNNNUS NFIUM e Uarawldan (size of postero-ventral denticles
on valves)

5) Hununnuusnadumeauazawlaan (number of postero-ventral denticles
on valves)

6) PIINEIYAN scraper Uu?ﬂfj‘ﬁ 2 (length of scrapers of P2)

7) @NNENIVINEIU postanal 682 anal 8N postabdomen (postanal portion and length

of anal groove of postabdomen)

8) mﬂﬁ”w'%nmgmmm terminal claw (embayment at base terminal claw)

snvaEdifionuiuuwlsan

1) suvsnasutadiuin (keel of labrum)

2) daaIUsz1IN External seta (ES) a2 Internal seta (IS) USLItM Outer distal lobe
2p92g# (ES vs IS on ODL)

3) ANNENIYY seta § 3 LWIBULTBUAUAINENIZBY seta T 4 Uum@"ﬁ 3 (seta 3 vs.
seta 4 of P3)

4) AMNENDA seta T 4 WFBUTBURUANNENYDY seta 71 5 VUGN 3 (seta 4 vs.
seta 5 of P3)

5) ANNENIYDA seta 71 4 IFBUITEURUANNENITEY seta 1 5 UUINGT 5 (seta 4 vs.
seta 5 of P5)

6) 528252%IN PP wag IP Uun (PP vs. IP on head)

7) &!N‘U%L’Jm preanal LLazﬂ’JWNQQU%L’Jm postanal (preanal angle and height of postanal

angle)
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8) YUUIIN terminal claw U89 postabdomen (Setules of proximal comb on terminal
claw of PA)

9) ANNNINYBN postanal LLae preanal ¥aN postabdomen (width at postanal and
preanal corners of postabdomen)

10) LFUAUUSIUMUINNYBY postabdomen (lateral fascicles of postabdomen)

11) Spine TR G RINIGRENRN postabdomen (subdistal spines of postabdomen)

12) sUuuves LHUBUUSIUYBUYDY postabdomen (pattern of marginal setae of PA)

13) @NNENIYDN postabdomen (length of postabdomen)

é'nvmsﬁﬁmmrf(uu.tﬂseimazﬁmwLaﬁﬂswaqgﬂuuﬂuusiaxﬂ‘szﬁmmaq
Karualona WHas4ie
1) SURUU2BIIINNUT MM UNEY B
2) Scrapers ?l?]ﬂ"lﬂ?jﬁ 2

2) WiiA3WuaIN Karualona U51nagasy (valid species) luunaansssundludssmalnan
a I a v
#ilo waziuniialaig
PNNMINANZHIN WU NFUFIUING WU UsznsHanBazNLana NN UAUEINITD
Y P = " a o (4 oo
usnaanlalugaslssnnsuawileneeiinanusgandanuy uazdinnguszmnsniianwas
waneslunnmsaslszmnsuuey aeuiululssmalngded Karualona fUsngagnigu 3
%#1@ A8 Karvalona iberica, Karualona karua Wwas Karualona sp. Fuduzfienmaindusiia s
yaslan
[ I [ a Aot o v ~
3) anvazladuanvasmeaynsadisundnainsaldlumsiuun Karualona usiazziinaan
nnnule
Hasnnanwasdugiuinemarsansaziianaulsiuaauineguaz lifisduuud
wivauluudazafiadelismnsalaiiuanyaznesynsudslumshuun Karualona usazuiie
aanINnu g lsimugiUnngansaciianuadeslundazsennsuos Karualona  uaaz
%0 D ANHAULADIMNNUINUINEEIN Uazanuusangn 2 Wansoldansazainarly

MIUUN Karualona Ueazsiia ammﬁ’ﬂé’
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