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ABSTRACT

The species, distributional pattern, characteristics and habitats of webspinners in
the lower northern Thailand were carried out. Data compiled from field works were done
in various plant communities together with specimens’ investigation. A total of three
species and two morphospecies from five genera under three families of webspinners
were recorded. There were three species of family Oligotomidae: Aposthonia
borneensis, Eosembia auripecta and Oligotoma saundersi and only one morphospecies
in each family Ptilocerembiidae (Ptilocerembia sp.1) and family Teratembiidae
(Oligembia sp.1).

Dealing with the known distributional pattern, the webspinners can be classified
into three groups. The first one including those dwelling in several plant community
types at the average level less than 800 m. The second one living in specific plant
community types less than 800 m. The third one restricting to the hill evergreen forest
averagely above 800 m high.

In addition, the basic histology and histochemistry of organ systems i.e.
integumentary, nervous, muscular, circulatory, excretory, digestive and reproductive
systems of webspinners were investigated by using the histological analysis. Herein, the
results from this precursory histology are considered as the first report for Thailand in

this time.
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ai’mzﬁnﬁuﬁ: (Explanation of terminalia symbols)

8 (T8, S8)
9 (T9, S9)
10L

10R
10LP
10RP

EP

GON

HP
LC,
LC,
LCB
LPPT
LPPT-P
MF
MS
RC,
RC,
RCB
RPPT

) (Head symbol)
SMT

21 (Leg symbols)
fm

tb

Eighth abdominal tergite / sternite
Ninth abdominal tergite / sternite
Left hemitergites of tenth segment
Right hemitergites of tenth segment
Left tergal process of tenth segment
Right tergal process of tenth segment
Epiproct (somite 11)
Gonopophysis internal sclerotic “rods” bordering the apex of
the ejaculatory duct
Hypandrium (ninth sternite)
Hypandrium process
First segment of left cercus
Second segment of left cercus
Left cercus-basipodite
Left paraproct

Process of left paraproct
Medial flap
Medial sclerite of somite 10
First segment of right cercus
Second segment of right cercus
Right cercus-basipodite

Right paraproct

Submentum

femur

tibia
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in (Wing symbols)

ABS (A) Anal blood sinus (Anal)
C Costa

CuA Anterior cubitus

CuP Posterior cubitus

CuBS Cubital blood sinus

MA Anterior Media

MP Posterior Media

RA Anterior radius

RBS Radial blood sinus

RP Posterior Radius

ScBS (Sc) Subcosta blood sinus (Subcosta)
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d18A1NIILETY (Poolprasert et al., 2011a; Ross, 2000a) SuwasdulyUszanos 400 7iia
lu 15 296 (Engel and Grimaldi, 2006; Ross, 1970; Zsumik et al, 2008; Miller at al.,
2012)  fisansousnaiald uaanalan agnelsieny a1e e Sunasiulg malan
Uszunms 2,000 TH@ (Ross, 2000a) Sadadosiimsanwuindnln - @ mwdanm
FTAUIMIURZANNFNAUT  FUFIWINYT §339NL0 Waednen wp@dnsswinen  &an

Qﬁma@l% LLaz%ﬁﬂmizﬁuImaqa e



2.1 923Gn139AIUUN
mﬁﬂwmmwgwamuaaﬁ%‘lﬂ (Ross, 1970)
2104197 (Kingdom) Animalia
W&u (Phylum) Arthropoda
‘%u (Class) Insecta
Tusiag (Subclass) Pterygota
UAL (Order) Embioptera (Embiidina)

uwvastuly daaglu IWay (Phylum) Arthropoda % (Class) Insecta #3a
Hexapoda, Twtingl(Subclass) Pterygota LLazaglflué'uéfu Embiidina Enderlein, 1909 %38
Embioptera Shipley, 1904 szgznasiinslsrasuauuuasduly 2 Fo Miuwinasgiuuas
l#funniga fa Embioptera Shipley, 1904 waz Embiidina Enderlein, 1909

Ross (2000a) 1é1l% Embiidina (Embidina Hagen, 1861) Jureauau (order) Wan
wazdianuiaauIniinilgta Embiodea (Kusnezov, 1903) Waz Embioptera (Shipley,
1904) 1JuTaduay laslhanuAniing 2 auaunas Wuded lawmunzzunumsison 1
SUAL ¢aN1 Grimaldi and Engel (2005) was Engel and Grimaldi (2006) ll#aanuLA% 3
Embioptera  3131AAMININANE 2 61 Aa embio- NRuNwDs A33a uaz —ptera 1

2 A A A v a A a A o q A L A

wanaty In wiaenldd imaefenlnizasiin Ssguialdlimnaliavesuuasiulofaz
UANHUITUNY LazgInaNanimInle —ina fevneTesdual wuanznaunsd nsil
' . ' < v o A o f . @ o .
tiae (subtribe) aNnIanduduan Fegua Aludmanzauisunu Jnaualils Embiodea
\Duduauunu udagnslsiany luiagdu Millers (2009) ldiauafazls Embioptera 1lu
A o o = & ; ! a @ ' = Y
Foduau lasiiuanainit unssilulelasanzlunguraanefisudazhidnngnld
< A vd AA A . | & ' g v A 4 & Aaa
vin Wiamagnidnanezduldlidarvinnifonn udvwiugruusrfodnduunasniitn
drunuwinneuluedia Sve1vazlinaludmzesnalodiomguannidsznis aurlwlad
= @ 1o A A o o ' & o a o o o o A o &
tnluidagtiu widnIonzedudy Wezdunanmadeaiuiuuuassuauang lu Waw 39
vaLaueld Embioptera LIuTasuauaiLau

[ = R | A:QI d' e o d' ¥ [l v ¢4! = A svdl

ouaL Embiidina  1Junisl utasuaunldasniniieung deluadainislide
suaufiannaulas Hagen 1ull 1861 udnldzznaillu Embidina (wazdnsfislas

. ' ' 3 . Yo a . v A o
Enderlein (1903)) u@iaeinalsiau Enderlein (1909) ladlasidy —i wnlUdnnitean az
linaneiduduay Embiidina NlaTunislenuantiofagtu (Ross, 2000a) alull 1912
Alazuastsnslsreouauniidu Embiidina wn Embidina 31 wnldTasuauidnany
Hagen luil 1861 azvhldiiaanudilaiduagluszduaed  (family) annndt 396
waziimaliugeldidu Embiidina And1 udn1sldzaiinenvaziduinguazasn Engel uaz



Grimaldi (2006) wenmuazidsdlFluiagtiu MomenazaswIniasi ldnauus
STRR[GI
A d' [l ) o o‘n:ll ] > = T dw d' v
Tuafanuuanin1sduwn 29dnuanea 9N lluwaw Embiidina 7 @9 lamsnean
N1390196 1A Davis (1940), Ross (1970, 2000a, 2003a, 2003b) W&z Szumik (2004)
Totuldaauuasiulylinemue 17 196 drefiu (131990 2.1) vreedgnaTuns anwmue
NN WOFTANI® 81WH (3961 Burmitembiidae Zherikhin, 1980; 19¢ Sorellembiidae
Engel and Grimaldi, 2006; 2494 Sinembiidae Huang and Nel, 2009) WS INEI NN RIT 1
hjagj%'mamMﬁ@ﬁﬁaiamiﬁuwuLLazusimﬂé’ﬂwmz UINNLIATUENALVBILIBIL
{ o a o a 3 ' . A A o A
lofuriaisldludegin sllavasuuasiuly dr9g Tured Clothodidae Taiilusiia dzdntin
(endemic  species) fignannwuldlunniaaunitovaimiduinile uaz najinzuda
o & ' ' - & ' A A
aziuan 1dudulng (Ross,  2000a) 296 Embiidae 1Hwisdlng) wednitaniiana
g: > -5 & v ]
WANRANLFININ WUN Fnlanazinaan LAz TNlanazIwen T9871992A BIYNULI
aanidulsdtan (subfamily) w3alsifusnaaniduiedlnddald ladn 19d Anisembiidae
Id Id a 6 A d'd a 1 1 Id Fd‘ a
duiudniedniteniinats g sundninning e uaztiwradnwuluausni nane uay
nuaeuldvasanizawin dnsupiinaedunu sunsanuuussdulyldnans g 296
. A i . ~ d \ x> ~
lasanwizadnids 196 Oligotomidae Ta dursAnTmsunsnszaelylenalan Seanaas
falununsanasnsanisanansluwadaiuad lundl  sesandodil uuastulalued
Ologotomidae  agWaNNANY 29¢1 Embonychidae tHusdnwulu taBoazinesn wazi
guTRaNsITRaLAsrNL wuanzludssina sauwa (Embonycha interrupta
Navas, 1917) Sz linsianiduzundnluied Notoligotomidae (Notoligotoma) Awulu
AORLAILAE LL@iﬁﬁmwﬁ@ﬁaglmaﬁ Australembiidae mﬁ'ﬂagiuma AZIUADNVDI
o d ' £
00RLATAY LA UNsily 296 Teratembiidae fia laidwisdnlwgiredniie Tund
a U a 1 s d a A |ai a d' = = 1 =3
ALNTNN Al LazlaWIN LEwAw T3 DiNee i shanwulalundd ade atnglsfanw
@ Py A A o o & A '
99N A NRANUTRANTANITAUN LA LTSN RN TR Wuwnvwdanlatn lunne
[-% G'tﬂl I = v a g; ' ! dl |
wanans dodwae nezeanidasldvamidunlinun sdnnguesuusstuwlonis
phaiszdtin atiay (Ross, 1970) §1MIL9E Ptilocerembiidae Miller and Edgerly, 2012
A v ® o Aa o A v A a o = o
navl,@mLﬂuaaﬂ%wawqwuﬂﬁﬂuwu Asnasany letngswulwaraaz T naanidasle
lasdnmsfoaunBnunaned Notoligotomidae (Ptilocerembia roepkei Friederichs, 1923)
Anuluinng WA JUIAT Usznedulaivdy laurinnIaas1auaNuFUNINIIRIe

FTawimsinal ﬁaUmimaaumaLwﬂﬁﬂmaamq)?%ﬂwl,aqa (Miller et al., 2012)



P = =l o 6 1 . P v @ o w ' v Aa a K a
M1979N 2.1 LﬂiﬂUW]iJ‘lJ"iﬂ%’J%’Nﬂ@]’Ne] ?JaﬂLLNNGﬁ%lEJY]E}ﬂﬂuWULLNZ%@NW@UI%N%W?’]%W’J%Uluﬂﬂ@mﬂﬂ‘ﬂ’ﬂqﬂu

Davis (1940) Ross (1970, 2001, 2003a, 2003b) Szumik (2004) Herein (with updates by author)
Order Embioptera Order Embiidina Order Embiodea Order Embioptera
Suborder Protembioptera Suborder Embioptera Family “Clothodidae” Family Andesembiidae Ross, 2003

Family Protembiidae
Suborder Euembioptera
Family Clothodidae
Family Oligembiidae
Family Teratembiidae
Family Oligotomidae
Family Notoligotomidae
Family Anisembiidae

Family Embiidae

Family Clothodidae
Family Embiidae
Subfamily Archembiinae (A)
Subfamily Scelembiinae (B)
Subfamily Microembiinae (C)
Subfamily Embiinae
Subfamily D
Subfamily E
Subfamily F
Subfamily Pachylembiinae
Family Notoligotomidae
Family Embonychidae
Family A
Family B
Family Andesembiidae (C)

Family Anisembiidae

Suborder A

Family Australembiidae

Family D (Burmitembia)

Suborder B

Family (Enveja)

Suborder C

Family Oligotomidae
Family E

Family Teratembiidae

Suborder Neoembiodea
Family Sorellembiidae
Family Anisembiidae

Subfamily Anisembiinae
Subfamily Scolembiinae
Subfamily Aporembiinae
Subfamily Chorisembiinae
Subfamily Platyembiinae
Subfamily Cryptembiinae
Subfamily Chelicercinae
Family Andesembiidae
Family “Oligotomidae”
Family Teratembiidae
Family Archembiidae
Family “Embiidae”
Family Embonychidae
Family Notoligotomidae
Subfamily Notoligotominae
Subfamily Burmitembiinae

Subfamily Australembiinae

Family Anisembiidae Davis, 1940
Family Archembiidae Ross, 2001

Family Australembiidae Ross, 1963

Family Burmitembiidae Zherikhin, 1980

Family Clothodidae Enderlein, 1909

Family Embiidae Burmeister, 1839

Family Embonychidae Navas, 1917

Family Notoligotomidae Davis, 1940

Family Oligotomidae Enderlein, 1909

Family Paedembiidae Ross, 2006

Family Sinembiidae Huang and Nel, 2009
Family Sorellembiidae Engel and Grimaldi, 2006
Family Teratembiidae Krauss, 1911

Family Ptilocerembiidae Miller and Edgerly, 2012
Family A* Adelosembiidae Ross

Family B* Peltembiidae, Ross

* AUNLDI N?‘I‘l%uﬁazgﬂﬁﬂm Dr. Edward Ross



2.2 MINTTWAM IR AEAT

MIuwsnIzevasuNadte loaansanulanilanuazinny annluaiauias

oA ' ) ] A .
\waaud% SImanInwunIunInIznadasuNsstulelusduazfiode g las utaw
sNMWEAYAeaaT (Zoogeography) vaslanlasuiidldidu 7 walwg ldund Lwawnd

& A . . A & A . . = a

2130@A (Palaearctic region), Luaua1InaAa (Nearctic  region), wananiaaaa
(Neotropical region), LUABORLATLRY Y (Australain  region), walal3uunea (Oriental
region), LuaLaTlalllaw (Afrotropic %38 Ethiopian) Laz lwaklEWn (Oceania w38 Pacific)

(Miller, 2009, Miller et al., 2012) lagioasdauaaItITRaLazNITNIZILAILNAILIY

2 1
v A A

loafiadngg aana1n a9 (MW 2.1 ua 2.2)

1. lwaw1denindia (Palaearctic region) tiuuaniicnaainlnaifige wanleaas
AN o a & a & A a A A & A A A
u"l@samwaﬂqisﬂwawuﬂ WWNDBILOWIN N LM RENZLAN T LRI TIUAT N UNVBILDLTYT
atinflafiiianfiands aanInwuALdasi 136 Embiidae (Arabembia, Cleomia, Embia,
Parembia a8z Pseudembia) 296 Oligotomidae (Aposthonia, Haploembia W&z Oligotoma)
296 Paedembiidae (Badkhyzembia W8 Paedembia) W 29¢ Sinembiidae (Juraembia
Wae Sinembia)

A 6 A . . a €d‘y a a A

2. LAUDNINNA (Nearctlc reglon) ngwmammwmﬂmmmmuauanmx
a & & A e€a o A _ea o o \ ca . A
NIWBLLABA (UINATILVANIRDIIAANULLDITIAA JINNULILNI lanansaa (Holartic) a1l

a 4 I ¥ A4

LWQ&lmam‘smagmmaumﬁamaﬂaﬂ NIBLBAINNFNINABN FNNNZDINIALREZNTID
IdvainiaasiuailagaafInunu9daddl 196 Anisembiidae (Anisembia, Chelicerca Waz
Dactylocerca) 19 Oligotomidae (Haploembia az Oligotoma) LR 296 Teratembiidae
(Diradius W&z Oligembia)

3. waileansallaea (Neotropical region) uanimaaihmunitawinldisu

& A a dql/ d' & A 1 a = 6 o

AndszinaniinglnadlatuSninans Wu‘ﬂi’m"ﬂadL&IﬂsﬁIﬂLLazﬂ%lm’]:au@ FOASAUGAN WU
@97 196 Andesembiidae (Andesembia and Bryonembia,) 29¢ Anisembiidae (Anisembia,
Bulbocerca Glyphembia Wae Ectyphocerca, Mesembia, Phallosembia, Stenembia,
Poinarembia, Exochosembia, Isosembia, Pogonembia, Saussurembia, Aporembia,
Brasilembia, Chelicerca, Dactylocerca, Oncosembia, Pelerembia, Schizembia,
Chorisembia, Cryptembia, Platyembia \Wa< Scolembia, Microembia) 296 Archembiidae
(Ambonembia, Archaebia, Biguembia, Calamoclostes, Conicercembia, Dolonembia,
Ecuadembia, Embolyntha, Gibocercus, Amazonembia, Gibocercus, Litosembia,
Malacosembia, Neorhagadochir, Ochrembia, Pachylembia, Pararhagadochir W8

Xiphosembia) 296 Clothodidae (Antipaluria, ~Chromaclothoda, Clothoda &%



Cryptolothoda) 296 Oligotomidae (Oligotoma) W8z Family Teratembiidae (Diradius,
Oligembia W8z Teratembia)

4. \UA0BFLAILRYW (Australain region) megﬁﬂwa@ﬁ’ﬁﬂaamqm%ﬂaammlﬁﬂ
risuufioihuaud Hiild vanzseslsanadulafifousznyinmzuddiin WU IR
296 Australembiidae (Australembi W8z Metoligoma) 29 Notoligotomidae (Notoligotoma)
LRz WH Oligotomidae (Aposthonia)

5. walal3uuaaa (Oriental region) Lm@lgﬁma@%ﬁﬂaamquéﬁzmiﬁuimﬁumﬂﬁ
waztadoasueanidoald wu'ldeait 296 Burmitembiidae (Burmitembia) 29§ Embiidae
(Embia .8z Oedembia) 296 Embonychidae (Embonycha) 296 Ptilocerembiidae
(Ptilocerembia) 236 Oligotomidae (Aphosthonia, Bulbosembia, Eosembia, Lobosembia
wae Oligotoma) Lay 196 Sorellembiidae (Sorellembia)

6. walalailaw  (Afrotropic A3 Ethiopian) mgﬁmam%ﬁﬂaamqwﬁm%ﬂ
LLaW%mﬁg\‘]LL@i@lauléTmaammmwslsma’lﬁlmzmﬁl,ﬁsmauléfua:me’]mﬁanﬁumoﬁu
1U%dﬂ§:ﬁ]’mvlﬂﬁ"um@f:ﬁ’mﬁ Embiidae  (Acrosembia, Apterembia, Berlandembia,
Chirembia, Dihybocercus, Dinembia, Donaconethis, Electroembia, Embia, Enveja,
Leptembia, Machadoembia, Macrembia, Odontembia, Parachirembia W8z Pseudembia)
236 Oligotomidae (Oligotoma) L8 196 Teratembiidae (Paroligembia)

7. wauUdWn (Oceania #3a Pacific) L%@Qﬁﬂwa@]{ﬁﬂaamqmma&;mmaﬂ&m
Lﬂuumayﬂi‘ﬁ'uﬂnma WﬂLm:LﬁﬂG]Iummnuﬁmam%ﬁ]zwmoﬁ Oligotomidae (Oligotoma
W8z Aposthonia) §MYU&NA Oligotoma %ﬂﬁag 2 wRafinuNIMIunInIzLegg
uwsnansluwail aa Oligotoma humbertiana W8z Oligotoma saundersii Godein Wwms
uninszanelasnsaa lUAUNT WITMNINTUUEITINTAluada (Ross, 1951; 2000a;
Poolprasert, 2012)
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- Palaearctic
. Afrotropic
. Oriental
. Australasia
- Neotropic

[ ]Oceania

AINN 2.1 LLNuﬁLLammsns:ﬁnUéf'smaé’mgﬁmam‘




AT 2.2 WHnAiEaIn1InIzedIvesnuastwleasdane g ludual Embioptera (Awn: daudasann Szumik et al., 2008)
. Teratembiidae . Oligotomidae .Embiidae |:|Australembiidae .Andesembiidae
Il sorcliembiidac [l Anisembiidae [ ] Embonychidae [[7]Burmitembiidae [Eciothodidae

[ ] Paedembiidae B sinembiidae [ Archembiidae Bl Notoligotomidae [ tilocerembiidae

Ll
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2.3 anainganuuaasiulglupimaaidaazinaanuazdsznalng
Okajima (1926) lewuuuastulusiia Aposthonia japonica (Okajima, 1926) 1
4 . . A A = A ' & o !
294 Oligotomidae an@tu Taidusiialnizaslan uannnuudmenuniwnuuussiv
luluasddian 2 vfla luana Oligotoma fia O. latreillei uaz O. saundersii
lutl 1978 Ross lavinnmsansuuaiduloludszmads uazwuin shavesuuas
! & { [ | . . = ! ol {
tuls nanua Nwuaa agfluied Oligotomidae T4 lanana dulng Awu iuananiinig
! o o A . . A = A o A
WWINIZANYLAUNNN 8N TG Aposthonia varians (Navas, 1922) @siilusiaizinnn

(endemic species) 189U3INAI

=< A

dannludl 1991 Ross latiufiniadneTevaswuaidulaninmsdunulanilan

' v

d 1 QI { = aaAa =)
efltsmnadeg  lwadoaziuean  @u diu ldwiu Ino ARJTuF saids a1
a & a a A eaa A A . i A a )
faalds uaz Bulatlids) uazdnlnswuanfiga fia Oligotomide TalulaiTuaziuaan
3 | 1 & 1 v =3 k%
wuadtwladianunannrarsdueisanndsatnsasidsznauldae 8 194 (Ross,
2007)
weR 1 . . . [~3 . & v 1A
Yang (1991) ld@nmlungy Oligotimids lasnsiivainive Fujian G9ldwudnd
2 gfRaidunInoanumInuassusnludssinealng
U =) . 'L é
Lee at al. (2002) la@nsluziia Oligotoma saundersii (Westwood, 1837) 9N
UmINEUIWLATILIN MUssineanna baaa e
. o : y L .
fmsumsdnsuaasduleludszinalneddszinalnoasegluansesdeva s
dnnleaaidesdulalouwn  (Indo-china) uaz ga18a (Sudaic) vavvalaiiounes
i . & @ a a A Ada A
(oriental region) \dunaliszinalnaiasiionunannnaisneiinwaesziliziangs
wuastuleludsanalnanudsli@nanguiuigavasdwanisduszoiia  anwangu
mM3anEwuin T 1885 Hagen lagn32awy unadtwlewiia Aposthonia borneensis 1
Jamdatnuvaddszinalng (Ross, 1999) lull 2000 Ross [d518MTATUNINIZANY @284
uuadtwle Aposthonia ceylonica (Enderlein, 1912) ¢iaan Ross (2007) latdnanfns
anunansiavasiuaidulwlulauiaifoasiueanidosld Seuisdsenalnadie was
1 3 1 dld v | a ] a )
wuin wuad Jule susnnfinmsdunuludszna lnaduaiialndvaslan af wu
Bulbosembia thailandica Ross, 2007, Eosembia aequicercata Ross, 2007 Eosembia
auripecta Ross, 2007 LLae Lobosembia mandibulata Ross, 2007 Gaun Poolprasert and
Edgerly (2011) lagmaanunansievesusaituloluvameainilavasdszinalnouas
dunuuuastulo vialndifinGy e Eosembia apterosa Poolprasert and Edgerly, 2011
wazluili@enns Poolprasert et al. (2011a, b) ladunushalnidn 3 whasanu fa
Aposthonia problita Poolprasert, Sitthicharoenchai, Butcher and Lekprayoon, 2011,

Eosembia lamunae Poolprasert, Sitthicharoenchai, Lekprayoon and Butcher, 2011 uag
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Eosembia paradornia Poolprasert, Sitthicharoenchai, Lekprayoon and Butcher, 2011
wonandt Poolprasert (2012) VL@TﬁmwumsﬁuwuLmaaﬁﬂﬂuaqa Oliogotoma 3 3
a9ia lewn O. humbertiana (Saussure, 1896), O. nigra (Hagen, 1885) wax O. saundersii
(Westwood, 1837) Baillumanumanuassusnludsznealng 8ndas demeinsadian

‘ﬁmma?ﬁmzaqaﬁﬁ\ﬁan’ﬁﬁuwuLLazﬁﬂmlmwazLﬁm
indsesaunasiiwlavasilseinalng

aUAY Embioptera Shipley, 1904
29@ Embiidae Burmeister, 1836

Genus Oedembia Ross, 2007

Oedembia sp.1

Oedembia sp.2

294 Ptilocerembiidae Miller and Edgerly, 2012

Genus Ptilocerembia Friederichs, 1923

Ptilocerembia sp.1

Ptilocerembia sp.2

Ptilocerembia sp.3

Ptilocerembia sp.4

296 Oligotomidae Enderlein, 1909

Genus Aposthonia Krauss, 1911

Aposthonia borneensis (Hagen, 1885)

Aposthonia ceylonica (Enderlein, 1912)

Aposthonia problita Poolprasert, Sitthicharoenchai, Butcher & Lekprayoon, 2011
Genus Bulbosembia Ross, 2007

Bulbosembia thailandica Ross, 2007
Genus Eosembia Ross, 2007

Eosembia aequicercata Ross, 2007

Eosembia auripecta Ross, 2007

Eosembia apterosa Poolprasert and Edgerly, 2011

Eosembia lamumae Poolprasert, Sitthicharoenchai, Lekprayoon & Butcher, 2011

Eosembia paradorni Poolprasert, Sitthicharoenchai, Lekprayoon & Butcher, 2011
Genus Lobosembia Ross, 2007

Lobosembia mandibulata Ross, 2007
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Genus Oligotoma Westwood, 1837
Oligotoma humbertiana (Saussure, 1896)
Oligotoma nigra (Hagen, 1885)
Oligotoma saundersii (Westwood, 1837)
29¢ Teratembiidae Krauss, 1911
Genus Oligembia Westwood, 1837
Oligebia sp.1

2.4 MSANHIMNWAIWANVTNNWENITAUINIT
MIANBINNABANMUFUNUTNIIINUIMT  (Phylogeny #38  Phylogenetic
relationships) Lﬂun'ﬁﬁﬂmﬁﬁaal"ﬁaaﬁm’lujma%’ﬁ°nm vanuananfioates laides
Wusmgruwmeuanuaznmslungiinssn 83930 Anedngn mManszansa Taedl uag
oINUTANRAT Lﬁaﬁa:ﬁaga@hm RN TIUTINLEZ LA TR AN AN IR LTS
éaﬁ%%lumﬁufu Senusunniiiodoannainls fwsunsudsiamsfnmnisdin
SFammsuaza R ivasuNastiuloin 1uaﬁﬁaﬁaqﬁufuﬁé’aamw DIIWITY
9duit 1% Szumik et al. (2008) lednmaNuFIRRENI SamM TV ILLasiTuly
2892960199 laln 296 Andeaembiidae, Anisembiidae, Archembiidae, Australemniidae,
Clothodidae, Embiidae, Notoligotomidae, Oligotomidae Waz Teratembiidae laul3333a
FuunaumeWRusy a9uTIWYIE (Cladistic  analysis) %ﬂ%&'ﬂwmzmﬁmgm Inen
$SWAUMNT STUIUaUasEREILEN 16S, 188 fU 28S DNA uas COI wuiludnwaslu
mydangu laawudn & 4 296 fia 296 Anisembiidae, Australembiidae, Oligotomidae Uaz
Teratembiidae WumePamwm siegmre il iawmMannnuITwy THHINL
(Monophyly) Imjmzﬁl 236 Notoligotomidae L8 Archembiidae ﬁﬁﬂﬂmmﬂuﬁ‘lﬂﬁﬁa’m

>

%wmmmmmiwqgﬁﬁuﬁu (Paraphyletic) (N 2.3)



Clothoda nobilis
r—Clothoda longicauda

Chromatoclothoda neblina
4|:|: Chromatoclothoda elegantula
Chromatoclothoda aurata
Antipaluria caribbeana
‘Antipaluria silvestris
Antipaluria urichi

Antipaluria panamensis
Antipaluria aequicercata

a

AW W |

ANISEMBIIDAE
Odontembia spinosa
Metembia flava

Donaconethis sudanica
Chirembia xanthocera
Berlandembia berlandi

15

CLOTHODIDAE

OLIGOTOMIDAE + TERATEMBIIDAE

Machadoembia angolica
[ Machadoembia arcuata

Pseudembia immsi
L Pseudembia truncata

Pseudembia flava
[ Dinembia ferruginea
——— Embia savigni

{——— Embia ramburi
Cleomia guareschi

Embia fibulatoria
Embia ramosa
Embia chudeaui
Embia verhoeffi

Macrembia lunaris
Dihybocercus basilewskyi
Embia femorata
Dihybocercus severini
—— Australembia incompta

EMBIIDAE

Australembia rileyi

¢

D Australembia n sp
[Metoh'gotoma reducta
Metoligotoma ingens

Australembia nodosa

L AUSTRALEMBIDAE —!

A
)~ ARCHEMBIIDAE

e

P a v v o a o 6 a 3
NN 2.3 LLN%Q@J@]%‘INLLﬁ(ﬂ\‘]ﬂ')']Nﬁ&lwuﬂuiZ@U’NﬁLLﬂzﬂjuﬂﬂl'PNLL?J@Gﬁ%IFJ

2.5 AW 1WINE

(fwN: Szumik et al., 2008)

losmldunasiduly  azlinsiydulauunaaUidlisuysoivians

windulauuufissias (incomplete W@ gradual metamorphosis) Nilsznavlleqe 3

FTUZRAN G A 11 A288% LATAANIE
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MMYINIAINYIALWAN

%] [~ [

AANIEY

LI N UUIALRNDINANTANENIVBIENG287171U 52D 0.5-20 WARLUAT A7
a I aa g A Ao o ) o ' Aa o
LimLﬂugﬂmaﬂizuaﬂ Fvneansafan Usznavlddioaiudd sauwannil 3 Udad uas
' o Aa o a ' o a ' ' o a o '
FINNDINN 10 Uaad NUMERINNDITNLNLA 1 A uAaz199zdl 2 Udasuazlidaniy

o o A P Al , o o Ad AaA o & A " .
RUNR LWﬁLNU'ﬂzVLNNﬂﬂa']%LWﬂEd UnNaNUnNUan e LﬂuLUaaauT&ﬂJ U@%quuaza’]u’]iﬂ

wWu'ld (nwil 2.4)

M 2.4 usaduaaddulodnduds dunds: n) iwar 1) iwende (Man: Ross, 1989)

Y o A o & A @ o ' P A
W il mavamduadd wazadaiulunng szozvasudazaiia  dnduly
Taniin (prognathous) adsznauiiugdla (reniform  %3a kidney form) wuaa AuHw
A o 1 d' o a | £ v e A o 2
(antenna) fd1wan 1 ¢ SanwazorsdunuuiFway (filiform type) Hdwiuddas
o & ' (Y ' { . =
Pa9nuIa ldadud 12-32 Udas lillandea (ocell) fianisznay (compound eyes) 1 ¢ @9
A 1 Qa =3 a U N =3 g a N & o A =3 [
fvwalngludiduiomadanludndriowadiouszd ldduislawaidn dnidu
LUUN® Ysznauaie SURUNUS (abrum) 1 T SUHUNE19 (labial) 1 Tk Wik (maxilla) 1
d N9 (mandible) 1 ¢ Talunsziladansuzuandeiuszniame Mldansaznisiv
21T INIFaILNA bl aunu
an: guenudisandu 3 811 andasdlIn (prothorax) FawaLan andassngad

(mesothorax) wazanUaadNany (metathorax) FawnalnaiAeanis
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27 PIUIN (fore legs) LLa:mwﬂ%é‘}'@ (hind legs) Basuuastulafvwalnuazai
lwsnizfungnany (middle legs) fvwadnudsu dapuiimiile (tars) 3 Udas (nwd
2.5a) UdasuInvasnngnin (fore basitarsi) Jvwalngiduiagvasdenaiiele danams
loddasgariediiiy (claw) Srwau 2 du nssiloazldingnin dealoaglumslogwin

a [ { A [ { ' ' [% . . ' {
laguuinaadinms loddasnnilsuazaasnaasivieUsaaaule (silk ejector) Hurianai9n
o A v , & A a o A A ' ' Y o A |
aaulaamaunuvialdani 1l @ﬂwamﬂmmagﬂi:mmmLmﬂaaamﬂmmﬂ%mu
gaunaddutandurasdnsundnvadnal (MWA 2.5b) S1wiuRadlu Embolyntha batesi

FAwNI1 200 %84 (Ross, 2000a)

fore
tarsus

ATV il
& ejectors

AN 2.5 ugaslasiananmeuan (n.) kazmelu @.) vasdananslofimslodaasusn

299216% (1a1: Gauiladain Ross, 1955, 2000a)

iln: meﬁwqﬂéhLLa:LWﬂgmaéhvl,sjﬁﬂﬂ Lmaaﬁuslmwmjﬁﬂﬂ 2 ¢ Nenyldasn

a o A A " AaA T A ' 3
sasuaziany  sniiulusnssiienwuhdtndwiniosdided gu  unasdu lolu ana
Oligembia (196 Teratembiidae) Mwuludszinaunda Unazdwibadeuyy Hanguuaz
suTanudate diauntnldunuanltiduanwmlunisiune . alagawizduin MA

(anterior media) laidudnaziugssuiiaa (blood sinus) tiazrelunsin

CuBS CuA

MP

NN 2.6 LaaITNeatiduavadautnuasuaaituly (Aun: Ross, 1991)



18

N89: fwiasiswin 10 Uaas §ﬂﬂm$ﬁauﬁﬁdLLU%I%(?I”]L&&J’T&ILW?IEE GEY
ANBHADUTIINAN IANANIINALTUUAZA LAY TEANU AU FIRTAIRTAUN
noA ' ' 2 Ao (Y A & = o v & @
W (cerci) § 1 ¢ udazdaiidmwan 2 Jdns FINIFDIT IR AN AT RN NIATNUAILAN
wendy (i 2.7n) uazdd lidnTodududuinwagununimasrasinalansusla
dl a U U A = v Q
FNAAT (NN 2.7°n)Iumwuml,wumw’mémUmaa@gﬁmaame 1 Uaad 287

fuiutmouanvasunaidulowedidudoyandmrdguinlunmdaduunaiie

Tth tergum Bth tergum %h fergum

sternum

2nd

] -~ i
laterctergites st valvula secasory gland aperture

n.

NN 2.7 URAIBTEIZRUNUT (terminalia) BasuNastfule n.) iwandls druds (ateral
view) UAZAUYIBY (ventral view) U8 0.) LWAR G 1%Uw (dorsal view) Lag

GNUEN (ventral view) (ﬁm: AaLLad371n Ross, 1944 L@ 2000a)

Y 1 & o o 1
A laiande (Aa0am)
a o 3 a ' ' Aa 1 6

maesguazianmMIzasasulodaadlunguuussiiinisnaazy sy ol
A P & @ . A . o
RIDUUUNazLAaNNaZHae (incomplete %38 gradual metamorphosis) wuuwalsiwenuaag
(paurometabolous) WY (instar) FsIzazad WLANIBNINNTY 2 T8 WARIUINANL
ani 5 8 (ﬂ’w\lﬁ 2.8) (Ananthasubramanian, 1957;  Ananthasubramanian  and
Ananthakrishnan, 1960; Bradoo, 1967; Bradoo and Joseph, 1970; Mills, 1932; Szumik,
1999) Szumik  (1999) lad@nwmaasyidulaveswnasdulesiia  Pararhagadochir
trachelia (Navas) luszinaarsianawinuin maasaidulavasaalaiduisd 5 3o elu
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, o Ao ' ) \ o A A o | A
LARNSIUUINBIRZLLANAINNUD I TAL u%zWUﬂqiLﬂaﬂuLLﬂa\ﬂ@UNﬂ’]iW@N%’]"H aﬂ@l&]ﬂﬂ

athaAnlataanzlunagziaasudis 3 iudwldivinti (McLachlan, 1877, 1879)

AN 2.8 LEAIANMIIB6N GuaIuaaItwle Pararhagadochir trachelia (Navas)
(NN: Szumik, 1999)

Tl
= = ' o A P~ Aa o

vlmmmmaﬂLLazm‘lugﬂuqumuu wazle il (operculum) NRAaUT1IMG
lwal (nMwh 2.9) §&112030 (Melander, 1903; Ross, 2000) 1walady 1 JaaLuas i
AN 0.5 VAALNAT (Imms, 1913) Vlfu'maameﬂulmqnf’nﬁm:ﬁawﬂ’w,mmmﬁ'u
(Edgerly et al., 2007) ﬁuﬁwauﬁaﬁuﬁﬁuﬂumﬁmm%a \aWIaNIgadatng aanan
' Aa A o = A A o & o '
FaInaaaNIwafIa NN LAz M I N ALKUNNANU NN U TG wTaINIINN Mida
wwindmvaadfanuaziwefian (Stefani, 1956) Awuias azndlaluunsanagande

YDINWLDI

_-operculum

AT 2.9 usesansoe lvesuaiiuly (Ran: Edgerly et al., 2007)
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maimaingimale

sTULMaiRaIs: mMatdsomaiuranaasnangesdinlydemansmings
MIMIguInn uazagldves dutszamainenuazies vSnmaenIninazwy rectal
papilla 6 Uy uaswuviatusnovadduUszanas 20-30 vio luawdnds (Melender, 1903;
Ross, 1991) lunsziwag (proventriculus) Sanmasianiziints wuswHudaudanuwiie
uit3uenwns (Lacombe, 1965)

szuuiszamn: Usznaudmeludszanaineniidenddlng 3 Uu wazdudszann
§AUTTe95N 7 (Mui 2.10) I@mJwﬂizm‘nEehuﬁaw:éuqmﬁﬂﬁ?adﬁmﬂﬁmﬁ 8 S9TiRe

Uga9riostldasf 5 innin Aliwululszan (Melander, 1903)

mesothoracic ganglion

abdominal ganglion

prothoracic ganglion

metathoracic ganglion

AN 2.10 uERITEUUY TR INTaILS I mEInanLaziaduaasdule (Lacombe, 1971)

STUUNDAINA: "Lﬂﬂauvl,ﬂﬁwgmﬂh (spiracle) U3ImadIUaN 2 4 fasauan
Udash 2 uaz 3 (Meso-uaz metathorax) Wazdn 8 @ azwuh U3k 8 Udasusnuasildas
Y L A A A v A , & Ao v A .
vias wuhilsegnslaginmenddasn 3 wihdu ihwihnlunsmolesan dug

A o v A @ o & \ Iy !
mislawzimihnlunmmeladh uazwano g lassasslugmolanuazgednilessn
289913 (atrium) Bneae(Barth and Lacombe, 1955)

a A & A A | a a A &

seuulvaiawidan : WWusruunSeudie lasdzuumsinadowdeaduiuy
A . A A | 'Y o A
1ila(open circulatory system) lasfiviasafan BINWANUUUNINT (dorsal vessel) TI
naaaien7 lteninandaes viesddesi 9 ldaudievin nzlvan lasvaeaiiaaduun
o o A a . ' & a A A P
fenazliteteamdsn (ostium) 1 ¢ uazdulaida (valve) Nolumdsiusasszuy
o luluszuunadsuiden (Melander, 1903)

szuuduane: ruuhaziznaulddoriadudng (mulpighian tubes), 1BaRuiala
(pericardial cells) uazludu (fat body) \Hauwilaazetivau g rialieauudiunassnen

ananIniITalaveiraanlianuad (aorta) (Melander, 1903) &uvadlviuduruda
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Wiua gjiud’mﬁ%ﬁmumm:@ﬁud’]waaé”léﬁ Twwagazlinsvam lddndnluweiis
Vlmﬁ'uluiﬂomslLﬂugﬂLmu%y'uﬁﬁmm@waﬁua:%ﬁ’]ﬁawaﬁ'wamy lu UShmsiwriasves
LWﬂgﬁuazgﬂﬂ'@uuﬂmﬂﬂ’jﬂmwmﬁsl (Lacombe, 1963)

srUURUNKS : SrUuRUNUTINARU S naudan dtunz 5 ¢ (nwdi 211 n) lag
flalumetameric deposition A lumsnasaaslan mamﬁuﬁaﬁaﬁﬂaqﬁ 2 %880
Wa11ag3 (ejaculatory duct) 1 via @iauLa'%w%a@iaua‘gﬁammﬂgmaqﬁ (accessory
gland) ﬁa‘hu'suuawm@ﬁLmﬂ@mﬁ'uvl,ﬂu,fi”gLwi%ﬁ@é'fiaazl,ﬂ@aaﬂlumu%ﬁ’maaﬁaﬁwaqﬁ
(Lacombe, 1971) dmiuaivsfuiufinendis  daznavlddae $elaRlufimadma s
(panoistic ovary) 5 ﬂﬁL%aNa@ﬁ’Uﬁaﬁ’lvMﬁﬂuiﬁO (lateral oviduct) ¥ 2 99 (mwﬁ
211 9) (Niwa ef al., 1993; Ross, 2000) Bswhmanvasszununiugise uidmsy
U fausszwingliuazogiueslafldsunisuauudrfissgnansasuiuinesingensg

(Lacombe, 1971)

ovarial ligament
ovaries

vas
.1 efferens

malpighian 3
tubules —

pylorus —— vas

i/ deferens

ileum - <51 AU A lateral oviduct <~ _> -
accessory -+ i t common oviduct 7 A—spermatheca
bursa copulatrix /< j— P
s

2.

P o A o ¢ : o A
AN 2.1 Iﬂiﬂai']ﬂmaﬂizUUﬁﬂqu?’llﬂ\‘]LLﬁJﬂ\‘]ﬁusLﬂ ﬂ.) LWﬂﬁd LS "ll.) LNFILUE

(ﬁlm: Lacomb, 1971; Niwa et al., 1993)

2.6 299587a
1993730289 uNaIwley L'ﬂuﬂ’ﬁLﬂaEJ%LL‘]J&GE‘]JS'NLLUUVLZJ'ﬁﬂJHSﬂI (incomplete
. o ¢ a £ o & v ' A o & o
metamorphosis) mswauwuﬁqﬁ]:mmumﬂmaaﬂu nduly TuIeninaNuaunn GIEE
=1 a (% [ .:.{' % 6 [ v d' qzd.l' a [ 6 U
Hanelaeaniy %aamﬂﬂwauwugummﬂga:mﬁm TIWANAININFURUT Ui
WHYANUDINT LLa:mﬁ]gﬂmeﬁﬂ%'uﬁul,ﬂummmé'ﬂmﬂNauﬁuﬁ?’lﬁ LA 892219 1
U o 6 v I 1 s 1 a v £ L = L 1 1A A Qs
VL’Jﬂ’]ﬂluidqiwdﬂLﬁulﬂLﬂuﬂQN ABanIANHUIARIIALGNIY  La DT N wazadua:
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Fuiusdsldanysal (Ross, 2000b) wwastluloiwenfivazansladiwanan ﬂﬂ%@ﬁaﬂﬁuagj
NUUGazT%ea Ananthasubramanian and Ananthakrishnan (1960) oS gaznla
lalaisnasimwan 1w 6-15 Wag luunssidulosiia Oligotoma minuscule, 15-24 Was lu
O. humbertiana Bradoo (1967) ¥NMIANELAT AU MaNI WL lva I NaL T BuGRzD
F5lunedievasiiu fuandsiuan laswumsnslldad 41-74 Was wuswansau
lovanuavas O. greeniana Iuei77-208 Was (Bradoo and Joseph, 1970) wonanit
Ling (1934a) £9na1nluinailoudaz@iuad O. humbertiana 81332279 1 be LaiLARNIN
10 Wasdanss

Tasdndunasiiulomendoay 219191 meRuwes tduls wedoonaoiia  @w
Oligotoma melanura aza31933gluadidulovmnalng wazunastiuloinen Soanifoaams
LRNLARDINNT mﬂﬂﬂqu%?ﬁq‘[mﬁl,éfuslslLﬁa‘j”Jaaﬁué’umﬁymﬂﬁmgﬁmma (Ross,
1044) unasiuwlpweafisaznsladls I3 ludanlsy wiaredenursluld (Roepke, 1919;
Kaltenbach, 1968) uuastwlaiwend pazanslalfiflunasiden Tussgluadidulofle iwe
Winazaavquadnilasly uanmnﬁ?ﬁwmaUﬂmﬂadLLazﬁﬁagﬁadauﬁﬂﬂaanuﬂwﬁad
I2HZUING DNAIY

wasanilainaanvniudisen LLuaaﬁulyLWﬂLﬁﬂé'aLﬁ&li’ﬂa:mﬁmagimﬁu
G Luln Aposthonia ceylonica (Bradoo, 1967), Anisembia Texana (Mills, 1932),
Embia major (Imms, 1913) wae Oligotoma humbertiana (Ling, 1934a, 1934b) LL&Jad‘ij‘lﬂU
meﬁmumlalﬁg}LLaﬁadauluﬁadLaaﬁgu6] ﬁauﬁﬁnéamuiﬁ;ﬁﬂﬁ 4 Bradoo and
Joseph(1970) 918911730 é’m'm’humﬂi@mammdwaﬁwmuéﬁmauwmjuauwmﬁwﬁﬂﬂ
panan N §msL Oligotoma greeniana Wi 57: 46 49ldunannimasas 5 asa 1
#o9UJU@ANNS  Bradoo (1967) Wu3H Aposthonia ceylonica meéjﬁnlﬁ&ﬁ'ﬂ WNEg 7 69
dowmadesiuss 28 ¢a Aldunan mafudmegemasun § swuinuuasule
§IWANAN 203 A2 Va4 Anisembia texana gmﬁum%@ sl duioramuauddn
dayaluligniuane Ananthasubrananian  (1957) laf Besunasiiuly  Oligotoma
humbertiana uaz leiwar] 40 61 daiwenils 31 lukasJidnng

wuastuly LWeIE dawdalddudiduipaslifuemis wazazfueananing w
Vlﬂml,wmﬁUé"ﬂ%mﬁ'aﬁwmmawﬁuﬁ wadanduibazlengaglatzanm 1 ot
LRGN ﬂ%amm%magmwmﬁm%’uﬁmﬂumms (Ross, 2000a) 1993730 83uaA 9114
Toudazofiaazuandranuly soud 17 '1¢ 2 u luaunszni 5 judall (@97 2.2)

wonanii meﬂu‘lﬂmwﬁ@mmmaaﬂgﬂiﬂUﬁvlﬂﬁaawawﬁuﬁ
(parthenogenesis) T9aasauaznawnnn e laildsunsuay 1 Haploembia solier

(Rambur, 1842) Jurfiadfinsuninszansatisrinanauwuauindinasisiion
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(Fontana, 2002; Ross, 1957, 1960) unasitiuloiweiiognaztloonnly uazdnsanaadin
U9TRaesying hieseins nuidusinaasioanmssiag anunagulivasis
wiauwriaanvszilasiulidinsin vlaunlinmoldglusdiduls (Edgerly, 1987, 1988,
2002; Poolprasert L.z Edgerly, 2011; Ross, 2000b)

A1319N 2.2 LLam?ﬁwmu%ju da 1 vya 2 U vasunadiiuly 6 e

w7 (1)

BUA :

gown 128 1A 24 454) 81999

Anisembia texana wWAND& X Miller, 1932
Melander, 1903

Aposthonia ceylonica* EIGH) X Bradoo, 1967
Aposthonia japonica t)j‘i_!u X Okajima, 1926
Embia major** BuLae X Imms, 1913
Embia taurica lasiie X Kusnezov, 1904
Eosembia aequicercata™* Iy X Ross, 2007
Eosembia auripecta™™* Iy X Ross, 2007

* 'st%%LL@iamﬁm:gaq@mﬂﬂ 27 W
=1 =1 =1 A d g 1
= iweiizazlanyagii 6 LA AWATINRIIINNITIG L2
s aqduinlutldaluazidulaidunln ﬁadﬁwﬁauqmmﬁuf WATIS  LRaw

LT w-@auﬁqmmu %:ﬁwuﬁalﬁui’ﬂmﬂgaq@

2.7 Lmaaﬁagjimﬁﬂma%ﬁﬂm

wnssordin lvasusasiiuly deznevludrothasfutu thasduie IRISTHIE
wasak 1idads visngiuaian lwanzianie WAz U INS mwﬁg\‘lﬁuﬁagmﬁﬂﬁgﬂ
sumulasuysd (g 1359 dmaunu saunald sauamnzdudu  (Ross, 2000) &9
wnasiiuled AFpreufizudnlivouns fﬂzag’imﬁ'wﬂumjwlumaL@uﬁﬁﬁﬁamﬁaﬁ”ﬂa
sroduly saundnnuanldiddenlsy sesuanludin ussfin ollanmeanuadu
inazaduagldan sansowunuasiule lensluaaon LLa:meaUQuiwﬁB\iwuvﬁﬁ"mn
mevasdszndl ny Asansanuudlasnetos 4 296 ldun Embiidae, Ptilocerembiidae
Teratembiidae W&z Oligotomidae (W4 Waza3en, 2551; Miller et al, 2012)

Tudsznelnowwasiinle ondpaglululdlutimguds udiilafinnutuuuasiin
lyazﬁwmﬂ%'aﬁgﬂﬂiaumqul, sulolumarmnawanlaudielfiinems anuduen
ﬁag_jmﬁ'ﬂu‘%nmlﬂ&ﬁmvﬁfaiau 9 ﬁ]:ﬂszéjulﬁl,maaﬁulﬂETmaanmn%’aﬁa%imﬁm UL
dulsf lumsassiudalusaufivisunssiuloazse - Unngdwieluanduaganululsy
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daan Poolprasert et al., (2011) ld¥hmifinmaynininuveuuasiuloludszinalng
) 3 A LA a o o v o A A L A & '
wazldnuunasiuloriialndiiuduiliagiudnyinesevesuuasdulodanniuniy
luadia lasiagtuwud Sunashwuludszmalnenaun 4 296 8 ana 13 18 uaz 7
JUUUDAIUZIM WazWUI19d Pilocerembiidae Miller and Edgerly, 2012 1iluasdlnainign
AUNL E1RIUMIANENLUATIR (Miller et al, 2012) udatng bsANAIANENAIAINY
wanzialunsiuivasdinalnedigninaeisiamaindil8nnaoanauaziia i

saﬂaymsﬁuwuag

2.8 81913

wuastdulodulng ashwdionlsd wead laauduazlulduws (Edgerly, 2004
Ross, 1970, 2000) uuastiwlgiwendalaidausouaaaz lifinamis uazazans aaluﬁqwé’a
NIHANWRUTLETY (Ross, 2000) wwasilulognes lidavaananglusdiduly azfims

Numanduagiudunduuazazinfeuiviathedaldauundsamln lawudngiwi

AAa Aa

Tulus g wasszuvtasai v iFINT Tadunanduagdiouuunnizdsends

e

2 '

(symbiosis) (Ross, 1970, 2000a) 119% Ross (2000a) Uszguanugnsadwad198snums
IflulSadnsumaasaiudiinmswinaaswussduloluda s fUaamw

2.9 NMINFNNHS
o ¢ a £ o o @ o ) a A A
mIksuRutIziielwmeluinduls I@mwmﬁ:mmiﬂummmm Ladiwe
A d' s % d' > 6 £ U ) £% % (% £ d' U
WisNvauTuuazwianNazHau LI LWﬁEdﬁ]ZY]’]ﬂ’]SL‘D’]vlﬂluNI@Elﬂ’]iﬂ@]l,aulmwal,‘ll’]
T luss mﬂﬁfué’a;‘i]”aaﬂ"ﬁnﬁmﬁaﬁ'uﬁmwmﬁULvai’ LAIYNNNTRBAINIUDIAILAID L9152
o o [ o A = A v & Ao A o
wisununssunnalddin (nwi 2.12) Sannafinuluweadiuiiansuzianzineli
% =< > a a ] % o & a o
WANNZENALMSEAILLINALTY (Ross, 1970) mmwmm‘lwaaﬂwauwug 21AAANIIUL
1 =} 1 U v d! | Qs = Q ] 1 dl Y 1 =1 Qs 1 1 1
Vlama@lagﬂu"l@ 6110Lﬂuaﬂmm:mmﬂum‘magmaﬂﬂﬂaﬂmmamaau 1Az Wy

nmysiiudiingd (antagonisms) dafuszninaiwedramiudas (Ross, 2000a)
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2NN 2.12 LLammﬁugjNawﬁuﬁmammaﬂﬂu Antipaluria urichi
(Nan: Edgerly, 2004)

2.10 WHANIINNIFIAN

LLwaaﬁulm%zaﬂﬁ'sagjsmﬁ'mﬂuﬂ éjmmué’aﬂﬂmﬂmﬁ%aﬁoé’mu (primitive 138
semi-social) WA lIWLNIULITWITIE (Ross, 1991) ondagTuiumluisaluadidu
o (Edgerly, 1987A, B, 1988) unastluloinendodndusvazdinganssuihly uazdrsen
luszezusng (Ross, 1970, 2000b) LLaJmflulﬂLWﬂgﬁ]xvlaJ'flmmamaaﬂwqammé’\mﬁin

maguaianlaldly uazddon °11aameﬁulmwmﬁUwuvl,oﬂunn"nﬁ@ LT
Anisembia Texana (Mills, 1932), Antipaluria urichi (Edgerly, 1987), Oligotoma greeniana
(Bradoo L8z Joseph, 1970), Aposthonia Ceylonica (Bradoo, 1967) Embia Iﬁqj (Imms,
1913) uae Oligotoma humbertiana (Ananthasubramanian, 1957) maa%ﬁnwmwmﬁﬁ
maumﬁ'ﬂagjmmé’ﬁﬁd (solitary) NUA8aH LW Oligotoma humbertiana W8z Embia major
udnu iwaunsrfianaantageaudmiswisagaunuwidungy (solitary #3a communal)
LﬁagLLaé"Jﬁiaulu%‘oi’J&Iﬁ‘u % Oligotoma saundersii W8 Aposthomia ceylonia W&LWe
Lﬁﬂmwﬁ@ﬁfu"ﬁaumé'ya%imuﬁ'wﬂunﬁjm (communal) T Anisembia texana &Y

Antipaluria urichi

2.11 AA35IINBGR

% (predators) uazeidion (prasitoids) uda3psund  uaz9aTWaLngual
Tsadneg s sulng ﬁ?uazﬂszﬂauvlﬂﬁaﬂé'@]’fﬁﬂsz@ NEWARIVUWIALEN  (small
vertebrates) laud  wa (ants: Formicidae) LANYA (spiders) s (chigger mites:
Thombiculidae) é’aﬁiauﬁaﬁaﬂ (fire flies: Lampyridae) dalunauiia (monommids:

Monommidae) wwliafiladaa (Plokiophilids: Plokiophilidae) @28a%u89LaIIWATN
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(grass flies: Leptogastridae) LLNaﬁi’uq{] (snakfly: Rhaphidiidae) URZLURIIBA WYY
(tachinids: Tachinidae) wannds sdoumel (endoparasitoids) oA wamtauus
lafia (braconids: Braconidae) wawtDoudlalofia (scelioninds:  Scelionidae) Laza?
deula (egg parasitoids) aadannnauan (exotoparasitoide) lauA uandauaaaalsny
fla (sceleiogibbids: Sceleiogibbidae) uaﬂmﬂifuﬁoﬁﬁga%wﬁﬂua%%@;maﬂsﬂgﬂmmﬁu
lo w3 s wwefiBe naluisldsledn wazldfondas (REwg usz 9380,
2551; Ross, 2000a)

2.12 @NAUFIAYNLATHIND

Ross (1991) nanaiuuasdulgldfenudagmaeasegio ud  dezmeuny ln

a [ a o & a = ! A

LA WABNLALNIALA: 1NN 81081 T18WINE LL&IGG‘H%IEIU’]G%%@I%&QQ
Aposthonia Waz Oligotoma Wnvinans Mnnaae ldunsafialuisaumzt  (Ross, 1970)
AnMmiganvnanuanaanaasadt a1lamla lwniseziuanvadlssinadsias aneae
(Argaman and Meldel, 1991) agndlsAany #nsuludszn alnonu nuduuastulouns
TN waiTIagamuidugInm MldneaIns ey lbazainluniinie

B9 (AFEY Uaza3eN, 2551)
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A5 NITANRINT

ad
LIS NIIANB

3.1 gunsaluazansiad

—_

—_
o

11.
12.
13.
14.
15.

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

© ® N o g A~ w N

. Lﬂéaauaﬂ@mmumﬁmam% (GPS)

. BIQUNA (vial) BWI@ 30 ml

L PIANAFAN RIDNROINAFAN

. NREIINUNTNAINaA (Digital camera)
Cthnmuazanas

. sy i wivaatuiindays

1 nAu (Forceps)

dudy (Needle)

. #laauaznizantaalaq (Slide and cover slide)

. NITINT

Wik

naaanrea (Dropping)
naeIanvIEituuliuas (Light microscope)
ﬂSTaaﬁqmmsﬁﬁmma%Ia (Stereoscopic microscope)
L8y (Oven 37-60 °C)

inassatuiitalia (Rotary microtome)
ﬁ@ﬁ@"ﬁmﬁalﬁa (Microtome knife)
Lﬂ%aaajuavl,a@i{ (Slide warmer)
wsaalauiou (Hotplate)
waifiuWd3a31 (Base Mold)

ﬁ’sﬂuﬁalﬁa (Embedding ring)
naadlaalas (Slide box)

PN D (Petri dish)
dﬁaﬁﬁmm«quqmﬁgﬁ (Water bath)

fininas (Beaker)

NITAWTTL

27. Wasunqu (38-40 % formalin)
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28. Lafiauaanaaas (70%-95% ethanol)

29. 1Au-0awaa (N-butanol) W38 LLaaﬂaaaa(u'%qﬂ?; (absolute alcohol)
30. lodiu (Xylene)

31. Au wing (Paraffin wax / Paraplast)

32. nALwada (Glycerol)

33. nyalalasaaaSnidaudu (HCI)

34. nyevnauTia N (Glacial acetic acid)

35. lnaugalas (Coupling Jar)

36. 1asiungl (Permount)

37. Adandunandau uazdladu (Hematoxylin and eosin: H&E)
38. #tfaw waslada wada TW (Periodic-acid Schiff: PAS)

39. WNaAK

3.2 35n13@nwA

]
s o =

3.2.1 AwNIINsEnE dmysauasirseasauiinualagafeniwiih
a d‘y dldl U 6 6 A}l dl g @ A AT dl
symduas Aunflslslomtvosaysd Aunauau) ndandanusmlan ussiunlu
InIalnatfes ﬂszﬂau"l,ﬂﬁaﬂ%'mi'mwmymf gnIaad tﬂmﬁm LRZOIN ANRIAY (MW
=

A A o o A v v oA g e A ) A
i 31) 5]5\1%\1171']@@]']-35] NNINIVIVIIN ﬂﬂLﬂu ﬂQ&JN%’J@Iuﬂ’]ﬂLﬁua@laua’]\‘] Ny

o o &, A A
“m?‘WF;I"Iﬂiﬁ(ﬂ’)l]’]LLfﬂzWiiﬂLW“]j‘ﬂﬁﬂ’]ﬂWﬂ’m
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AN 3.1 LHUNIIRIAA19 9 NlTEmTuMsansuNasdulalasnaly

1) Rwmlan 2) iwsysal 3) gasdad 4) gluvib uaz 5) an

¥

s ldrasiuniinimids  adszneudae (@namuniu plienaasleinalnoy |
2545)
1 < o £ . o P vo o A
1) iGess wuduagluszauanugitszanm 400 was siialddanyd
wuldun 59 18y n31a waa9 1ds wzaeth audidn  Sulng vzina Sa1h wzanailew
=) lﬂq' 1 v 1 v -~ v v A a I v
48y Noiusldun wauin wahen nahaw yn nnaesa nazids wa Wudu
2) thanuas wunzasagmluaudszduanugianinga 500 a3
& A oo o A v ' I ~
Iwld  aialdsagiwolaun sath @eendl vzva snslaw 19w LaNTIE NszUIN
NZNAG® D818 18D NOBIN 98Y
] £ . A o o &
3) dnanitun muagluﬂqa 700 - 900 LUATAINNITAUINLLE anwmtilui
llssaaurjonah Sausasly Wes  nlaaus mlaaau dulng) szu79 duididu 9ay
g A dQ/ 1 I3 v v v a a [ U
Juag) NrAuddunanaw vahauus naen we un nazien uastiu uedw
oo & - o ¥ &
4) thavzw wuluszauanugeanszauimza 800 warluly uazau
. 4 A A Aa L & a vo o A Y] o o o
janin Wisfmaunnfienututugs sila lddaynnuleun deady ande azlW  das

T4 Wznan suvan glaw nszinnan $11hih azifauin euiwes wgn'lal gay Ao
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AusnsuaziBsnnduldun Tmarmainne medden szwinundgy dhnssiinlss nane
W waroluasznatisn udu
U J 1 L

5) thwgawssm  wuluegluszauaugs  400-700  WwaIN
seauinza Wusldndanylaun dazg uas azuunfanuns nszuin g dadile iia
¢ Auun udy wauwal Tatu wepd lundu 9ay Ariudaduwanld sliadnig naas

A 1 1 [ & v
nazfia Suuwinw 1 ld3an udu
" A X a4 . ¥ Xw s v

6) thauwn  woluagluigianszduimaa 1,000 wasnldoiald
faninuiduldiduldun wihiiu fefiu deden daawy wies neld dupdu nazan
7 auaasly 9ay Aowuaraduwinues Wn 101388 wae waziushad g

d‘yﬂ/ a dl I 1 v & I dq, dl 1 v 1 v v a

woninddsfiamunidugmah  Suduiunldnilng dszneudinahaiie

1 = |&’ ] 3 v A v 1 a 2
a9 Aldlnguedlugnimuaszuniulsznaudie nllaaau dulng) o szanailay
wrwwaaduninungnaw nahauue nEien we nszEed naey yn Mads ey 1w
wmImw 1t suson a3n wazil Wudu  Snnsdunussanlafansysufon
P Yo a A a o P s ] &
ialdvifansiuniemataznouandnvasdauluiud iwwFenauwlin sussue 1w

@1 RNINAWNNTINNTEITTRALAzNNINTzNUaLNaITwlaluas sTuaadlWAnaInIw
3.2

® o S U
3.2.2.1 msinuuazinnnvaaa
A A= & A« ' a & A A & o
slul,mwuﬂﬂﬂmmwLﬂumﬁﬁmmLLa:wu'ﬂ"gmumﬂuLﬂumLmu
(@1790 3.1)  ARINNULIRMAABNLRZATIIFOLFANABALRY MNBUI NMIF1929
las@39 (direct searching) WARLEIRITANAUAFUNIINNTANIID (line transect) 1 L&U
sraenIUsznme 1 Alales (LARsIEREITI9NIT LM TINNRDALFUNININIG UT 8
v d' v 1 o L v Y a =4
wazaNUszINUeIUaE 2 WaT) Waliazaindemssmavuasduloaaldiduaudann
Msrsnnadunmsgrnaled @wil 3.30) udazidudi M ewlasasianu
' o Aa A & A o L A o \ Aa &
Lmaamﬂwasmiamaw%mumQmmmammoﬂﬂﬂ FIFINANNURSINDUOFE b
v v v A 3 { [l a { 1
WAud aan e waz Tulduws smLﬂummimaummﬁu‘lﬂﬁaglumnmﬁwu 1B 1Ran
2p3auld (NunlTesuan) sesuanauiand u wazauwasnlylduits aregrsnnuay
\ual8dla (hand collecting) LLazqﬂﬂitﬁmmhm (MWN 3.37) Usznauaie m‘%aag]@
LNRIVUIALAN ANKTL 1Qiﬁ'u 1 LAZDNA ®IDVIA WAIRAN ﬁﬁmiﬁ'uﬁﬂgmmumaﬁq &
ga9lelny aNYILLREINAUNIIRLIA LLa:s:é’ummgamm:é’uﬁﬂmmLLa:@‘hmeﬁﬁ'@
manﬂﬁmamﬂ@mﬁ GPS luaTasialumaiuiniing snsunyadtinlen a%ilmwzvhi

A a J o o dq/ a ' v a wa
mamaam:mﬂummmLLa:mmuNa@a"l,ﬂ.llumaﬂgummi
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nw 3.2 Auidnmlesmldluthsssamaussiunigniuniulasuysd  n) i

2) thauuss a) thawi ) hauau 9) Juuganssm a) Thaun 1) sauneiag o)

RIWURIDIITUS
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sauiAuaagn TONANIIFII
NI 818 NNG (GPS) SN

Awmlan a9 16°49.290'N, 100°15.345'E, 123 m RV EEEUsK)
\ia9 16°49.310'N, 100°15.302’E, 109 m RIURIDIINY
PIAATENNT 17°30.183'N, 100°67.498°E, 344 m TAULAY
TIAATZNNT 17°70.515'N, 100°95.232°E, 329 m LUTUIWTIDH
AITEVER Dk 16°34.621'N, 100°38.802°E, 203 m TAUULRY
1Nad 16°87.224'N, 100°83.206’'E, 303 m LHIT9
1IN 16°80.069'N, 100°46.379'E, 358 m  LUQYINIIDh
AT HNE 16°52.466'N, 100°49.672°E, 1,133 m  1thauin
AT INe 16°52.464'N, 100°49.665'E, 501 m LH9T9

oyl lande 17°00.276'N 100°59.672°E, 1153 m  1thaun
LUAD 16°57.795'N, 100°88.471'E, 586 m NG
WAUSN 16°46.462'N, 101°14.323'E, 129 m TAUULRY

qma@ﬁ Ne) 17°17.085'N, 100°01.209°E, 63 m SIBRITIINY

glvin 13189 17°00.974'N, 099°42.272’E, 87 m RIBRIDIITUS
1389 17°00.956'N, 099°42.353'E, 91 m T EUAUeK)

@Nn R 16°45.838'N 098°54.543'E, 943 m T@auin
LURDA 16°45.370°N, 098°57.056'E, 518 m thawtan
13189 16°42.475'N 098°34.291°E, 196 m RIUNEN
1389 16°46.545'N 099°00.456'E, 123 m RIUE DTS
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P> & . s & Ax v o &
2NN 3.3 LLa@Nﬂ’TSLﬂU@]']E]U']\"]LL@Jaﬂﬁulﬂluwuﬂﬂﬂﬂq N) LWRWIITIY LAT Y) NIINITLNY

é’aamummﬂﬂmﬁ’a B3le (hand collecting/picking)

dl dq’ s o a a L v a wa dq’
A 3.4 Matissuazmsvasuunsiesfieunssduloluie sl jianis n) sl

PrgwaaanLazltingaa eI 2) msmnaau"ﬁﬁ@ﬁaﬂﬂﬁaaqamwﬁama‘ﬂa

a & o 1 4” ¥ a wva
3.2.3 NM3ItATiaedIuazMta g luialjians
:g’ v a vAa
3.2.3.1 mMatags lunaslianis
sy nﬁju"lﬂi uazaaawwU AU NaUNINToNNUNTENMIT  lawn
A o & ¢ A v o \ o ¢ a
wWaan'ly vaad lataus wiamsluldurs  Tuuszerdanin tdasluaia waadn lavuen
& Ad= o Aa A o ' o % A o =

AUNWNNANE LAz TR DIMIINTANINIINTITUTNG GINa1NT196w Wi I luRnnia wia
Anaaa anlfiduemnrvasuuasdule unu (Mwh 3.4n) imaasuinadalunng 2-3
% laglAUR LA RLILNaI Tz mnﬁu‘tuﬁqmﬂgﬁﬁﬁm’]mﬁuua:i’ma 47N
Wawﬁ”auﬁu%’nmlﬁﬁmm%uagjl,mla 28819 wIAILWLEN LAUNILRL T 223 ALNAUNN
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v 1 Cll I v ﬁl dqj v v v o dl o Q 1
Twunnwa inmduwlyla LwaLazJasl,%”lmwmdLWﬁz g lansusfianzuazdanydants

AR THA

3.2.3.2 NM39AIUBNTRAUAZNITIAAIUIILIYINYALLIYA
a L U 6 A A =
arseuriavesunssiiulonmoldsansmianeile  (nwi 342) lasfnm
snuurdAYaIuaaxd ana uazsiia TuNmyiadadiudiatede g Aldsuun
ldur ataziwes (male genitalia w38 male terminalia) JUuuuvastn (duln MA wia
anterior media $in3alifimIuanuuud) papillae (Guiidanguuddasmslovasnmay)
FUNIVTNURAN 9 1T NIdIwrn on uastiad sniuwells sunInlansmweaIaas
nunnguuninviasldas  (sternite) 18 waz 9 lunsdaduunnguld anuu darie
urtnoansuclasaziBuavaiudnd ana uazaiia wiauusaizUnenieUiiadsznay
dussene lagldenaslunisuonafia  auansmeaMgIWINGT 90 Poolprasert  and
Edgerly (2011), Poolprasert et al. (2011a, b), Poolprasert (2012) a2 Ross (2007) 1w
WAN MNNITNNTUITIN ORNBIE U T Te (checklist) TarfiavaiunasduwloNiwy
d}’ AAR s 1 A o a o 1 =3 [ A A [ 6 >
lununnane mindratrsndaaiunwe awvimsas lhiiusnsn luRRsAusinan g
289U52n@a N8 NINMILABILAzM I LML ITly ¥insdnse 1 s a3 TT3Nen
ameIngmaasuazinalulad UAINIRINTAPAUIEIATY  (§IUNLaUM) 99390

ﬁm@aﬂ

'Y & A a

3.2.3 MIANEININABLIBLEDINEN

A o Ay & o . & A A ! o o

\ian@lag9n leannmsiiualagd i uinamitanauassnaauwazyinlvane
de3Busiiude (Wilson et al., 2009) #3anadaleiafiauaanagas 70% aauuataanti
3 % fa B anuazriad uiluihensnsnanmwiiialde (fixative)

3.2.3.1 NM3LAIUNADLUNAILNDAIIVADUNWAYBINYT

alatsunasniiulile Davidson's fixative 10waan 36 lud nnvuiin
& A ' ~ & ad .
atdavdunszuawmatassus laanseau3tunesgues paraffin ~ method
(Humuson, 1979) @@ serial cross section %W 10 um (ﬂ’]Wﬁ 3.5ﬂ)LL§’JETmJ§
hematoxylin & eosin (Humuson, 1979) Masson’s trichrome (Sheehan and Hrapchak,
1980) @z Periodic acid Schiffs (PAS) (Troyer, 1980) (MW 3.5%) LNafinwneldnsaad

sanvrestuuulfuss (aglasiassvasszuudie g molusdiuuss
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t:l =) v d}l A a 3 L%
N7NN 3.5 ﬂ’]iﬂﬂi&ﬂiﬂix‘]&i%‘i"ﬂax‘lL‘LL’E]LEIE]’W]EI’]"IJENLLN&Gﬁ%IU N ) NITUIBNIIAG

S A4 o X & A _ v ,
LUhaLYaaIuLAIBINaDLLLDLED (Rotary microtome) ¥) NITUINNIILDUR hematoxylin &

eosin (H&E) wae periodic-acid Schiff (PAS)

3.2.4 M3RaTziLazulaa NIRRT
wWisuiisudmusiavasunadtuloluinedundazsiaudazoiia dwisnien
v A . . . .
ATUAINNRIINKAAY (diversity indices)
3.2.4.1 QUHAMUNAINRALVES Shannon-Wiener's Index (H) @335 U8
Ludwig and Reynolds (1988)

S

H' = -2(pi)(In pi)
i=1
e H' @8 ANURANNRa18Uad Shannon — Wiener's Index
S Aa wIuTia
pi A8 RASIBITHININWINAIE9VIRINTAG (1 =1,2,3,...) 6

FAUIUAIDLNINIRNA

3.24.2 é’*‘ﬁﬁmmaﬁnam (Evenness Index) 3INg@3 Mulder et al.
(2004)
E=H/InS
Lﬁﬂ E ﬁa ﬁ?ﬂ’l’]&lﬁﬁ’nﬁ&lﬂ
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3.2.4.3 aTHhANULEK (Simpson’s index: D) @xATVBI Simpson (1949)

D = 1-3(pi*pi)
A oA o, ] ° [ | A Ada . \
LB pi A9 RARIVIZTHIWNIIWIUAIDLWRINDIA (| = 1, 2,3,... ) 68

FAUIUAIDLNINIRNA

3.2.4.4 AANNAIBARY (Similarity index: S,) laslEaun1sues Sorensen
o v 1 L 1 a 1 & o v
(Kreb, 1972) shdlayansdnnguazlidnnguesuasiulolundazsfiathdsduamle

Qs dQ/
A

ANNARILARING (Se) = 2a / (2a + b + ¢)

'
A

o =< o L ' & A
W S, = anwuameasinuvadunaituleluudaziun
a = SInTRALNAITwlENNUNIlWNWA A Lz B
b = Swwrhaunastulanwulunun B

¢ = FIWINTHAUNAIT e NWU TN WD A

Wisuifsurfaunasd wlefinuieihandangusiia (Cluster analysis) lagld
ATHANNARILARIVEI Sorensen 5@ﬂ§u1@mlﬁ§ Sorensen distance (McCune and
Mefford, 2006) lagannmsitaszinlalysunsuaauiiimas PC-ORD #SU Windows

Version 5.10 (McCune and Mefford, 2006)
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4.1 BhALaznITUNINIzgBasuNadiinla lunamitananais

M3ansasItldudnm sha MInzany anwaskazLrasandouuaItulely
A A A \ = o \ o A A
Aunmawitanaussaidssinalng  lasdnsidragnsnnnasmulugiauiad
LANAINULAZATIVRALAIBENS WULNAILWlE 3 296 5 ana 3 7ia uaz 2 JULLUFI I
296 Oligotomidae 13 alia fa Aposthonia borneensis, Eosembia auripecta LR
Oligotoma saundersii 29¢ Ptilocerembiidae & 1 gﬂl,mué'mg’m fa Ptilocerembia sp.1
WAz Teratembiidae § 1 JuUuuuFUZ W Ao Oligembia sp.1 lapANBMUAUTIWING

YaguyuadtwleudazrialuNunaaniananaaduast
inBsszaunasiiwlalunamiiananais

auaLU Embioptera Shipley, 1904
294 Ptilocerembiidae Miller and Edgerly, 2012
Genus Ptilocerembia Friederichs, 1923

Ptilocerembia sp.1

294 Oligotomidae Enderlein, 1909
Genus Aposthonia Krauss, 1911
Aposthonia borneensis (Hagen, 1885)
Genus Eosembia Ross, 2007
Eosembia auripecta Ross, 2007
Genus Oligotoma Westwood, 1837
Oligotoma saundersii (Westwood, 1837)
29@ Teratembiidae Krauss, 1911
Genus Oligembia Westwood, 1837
Oligebia sp.1
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294 Oligotomidae Enderlein, 1909

anwazlagnaly: waiivie lin swmesdriendszanm 5-20 Hafiwes Und
\&% MA (anteria media) hiuanuand (unforked) Uaadamsle (tarsi) ﬁmng%ﬁa (hind
basitarsi) H1ju anwnizad 80y papila  (-ae) 1-2  Uu alpazRUNUTIWNALINBUEN
(terminalia) 3 MF (medial flap) ‘ﬁlLL&lﬂaaﬂﬁ]’m 10R (right hemitergite of tenth segment)
dutovasununislaadusn (LC1; basal segment of left cercus) Hanmauslilevene
1na) (lobed) #3aasd (unlobed) laifigumuna (echinulated) iwendelaiditn sdaem

°

Uszanm 5-22 Jadues lWanwalanzndany
ana Aposthonia Krauss, 1911

anwazlagnaly: wanin dmenyszinm 512 Jadwas Uasnwaaun
L& MA (anteria media) AUnliuanuawus (unforked) Uaasnilas (tarsi) ﬁmfj%éﬁ (hind
basitarsi) #i1Ja papilla 1 1Ju adzFURUEINANBUEN (terminalia) iAaninsved 10L
(left hemitergite of tenth segment) LN G]ﬁ'll @ 10R (right hemitergite of tenth segment)
MUt pasuNurIslaaIuIn  (LC;)  Uanwme3un (slender)  uazlisuenalwg)
(expanded) laifigunuu (echinulated) iweniialifithh §reaenitszanm 8-15 Jafiuas

lTdidanwmziansnsany

Aposthonia borneensis (Hagen, 1885)

(MNN 4.1n-4.1Q, 4.2n-4.2%)

ansmelaanly: MLaNIBway wasn1 Uszana 6-8 dadluas dFianauiy
AROAMILAZN FFNINNAUNBVBIFIUAY KUIATLILILLLLEUGE wadanen bl
a < o o A 'Y a A o A v 1 o oA &
Vna3a9anueMaar 8 19 dasd UnFathena Sidu MA lauanuans ARIINN3
loUdasnsnneduasd  papilla 1 IV Lqumamoﬁwwfwwaomﬂﬁhja@gﬂu@iaz
ANBULUANGINGULIN Llasddas LC, Immenueanianitas ldfinmuuaztaiovas
&% LCB (left cercus basipodite) anwmziiluazua (hook) Ni3anin LPPT  (left
paraproct)  lasldwalunwdudis  winladu drvesdiwiontdesgarie  (H:

hypandrium) JuUkiBueLaslagaInYiasaanNa et ITaLI%
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WweLlalanugsaidszinm 9-10 Jadiuas ﬂmﬂg’uﬂ’j%wmjﬁ 16 Uaad §
ienaduasaadan Tuime Nzl FFuNILas U T adaiUdasnudazdaiin
B BIRING WWWINS (cerci) 119 2 TRNANATI (symmetry)

#93nen: un3d1399WL Apostonia borneensis andaiTiglusdiduloagany

waanldvasdwldnlwsurnluuSimiungssme Waan bidseau 1uen

nn 4.1 unadilule Aposthonia borneensis (n) \WeE] (1) iwedle (a) Saiduls
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¢
a R\

PAPILLA' ) AN

()

HIND BASITARSUS TERMINALIA
VENTRAL

N 4.2 ansnizidranyluiwes (n-a) wnziwenils (1) 109 Aposthonia borneensis

ana Eosembia Ross, 2007

anwsmzlagnaly: wega1alnialiln Sepidzanm 12-18 Safwas Uany
WWINFU1 LdU MA (anteria media) fitinlsuanuans (unforked) Uasmsles (tarsi) Az
fnad (hind basitarsi) J1)3 papillae 2 tJa ol IzFUNUTINARNBUAN (terminalia) AA27W
N19U8910L (left hemitergite of tenth segment) 1¥in¢9 AU @ 10R (right hemitergite of
tenth segment) GNuTIEUBIUNUANLRBILTA (LC,) Nanwmuel3en (slender) uazltlevens

1waj (expanded) leiﬁ@jwum (echinulated) 10LP (left tergal process of tenth segment)



41

a

fanwadwnlonldnie (spatulate) inandielaiitn §reredszinm 13-20 Aadiuas

1 lﬂl o o & = 1 Aad v =3 A
Vlmwanwm:mww:wmmg HANNNUMNYAWIALT UV IR FIWD NN FRULAIDILAR D

Eosembia auripecta (Ross, 2007)

(MWD 4.3n-4.30, 4.4n-4.4%)

ansmelaanaly: wadin daenyszanm 13-15 Tadwes Tmihaadiud

nenTuwelladntas duy Smenddouin ddunias uazdulausasngnih I
U U Q o Qs x| v U J 1 v 1
W v lnatdssnuanuevassaduuuuigues TiluudacUdasdiuate
nadlilseanidnites 3 28 Usadlasd las Uansnuwiand 3 Ufes (Udasn 26-28) A&
funtnvaImlan e AU ILUBLEW MA (anteria media) NTnlduanuans (unforked)
Uniidhanad dasamsle (tarsi) f21¢na9 (hind basitarsi) J1u papillae 2 flu 8 itz
A o ¢ 2 . . s 1 A
FUWUELWAANBUAN (terminalia) IWIAEY 10L Wa <) AUNG 10R  duiduasnan
10LP (left tergal process of tenth segment) fansazdwnlanldne (spatulate) lasf
Uy 10LP azBusanuazansmizy] uwuwidudneldaagludlansmzuandaainms
U LasNUFDILINVDI WNURIIUT 8 (LC,) Hanmauei3an (slender) wazlisvens
1waj (expanded) "L&iﬁ@jwum (echinulated) &3u289 LPPT (left paraproct) 3ziduazvan
danaladlunesude wruladusnarasdIuradldsagaring (H; hypandrium) Juzud
o ) @ L e A .
HugniaslanssinriadaanunanaTalan laalsiuwad HP (hypandrium process) 817
= 1A A o L a a o o AA g/ o v a
weands it sraremyszanm 15-20 Hafwas SadFhaadi sniuusim
v 1 1 v J 4 v 1 g; 1 v

andfasusnuazdulanasndwindliddudy  wwasGoudaunduwed uuuy
\Wuens 128 Udas ddasnegnwdmlaevasmmenszann 3-5 Udasgarhe (Jdaeh

24-28) {FV1I WAWR (cerci) 19 2 TFUNIATNY (Symmetry)
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N 4.3 uuasiluly Eosembia auripecta (n) tWa] (1) iwenils (a) Saduls

BAINe: WU Eosembia auripecta lendluinsysumd win thauuss thiugya
dq, dl 6 q, dl ) v o o W 6 7 a %)
Witk washufinuiTnaon g sumnmne nseieiiesvhisgluadidulofeny
A o A o " Aa a ~ o & o A o
wWaenlal uaslivessanuvesglusd aguinmlavinumilieds (Dudeslnaniaras
1 g 1 I 6 e a dQI I dl 1 o 3 N Idl
Iwg (gallery) daindugudnaszesss  vinadandunagandvvasuassduloduif
' g o A o & o Aa = XY & o |
LEJ”ng]LLavLmLLa:Lamgm'aaau Gﬁaiaqimmaﬂmwaﬂmmu"l,wﬁ A U19IATIDNLVINTILN
aggaantdlalna wudn dn13netdlaives wuastlwloiwendeluwsag duidanganuzed
' & o A o o o a & o ' A
F9MIfind1I Bahasandigguunuazisuineandudidanlutig dmoiiauganas
wazwaw liludodnaszez 9 awdhgazozdiauivlugmgion awudidan nuniug -

LN LAELA DL ﬂmzwuéhtﬁui'mmﬂﬁq@
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)

v
PAPILLAE
()

TERMINALIA
VENTRAL

HIND BASITARSUS

NN 4.4 ansnizidrayluwes (n-a) wsziwenlls (1) 189 Eosembia auripecta
@na Oligotoma Westwood, 1837

anwmzlagnaly: wandn dAaenysinm 12 Tafues Uaen hadwnd 1§ MA
(anteria media) AN lduanupus (unforked) Uaansles (tarsi) ﬁmwﬂ%é’a (hind basitarsi)
1w papila 1 Y aduzFuRUSIwANBwEn (terminalia) IA1uni1evas 10L (left
hemitergite of tenth segment) L¥in ﬂﬁu @4 10R (right hemitergite of tenth segment)
Fudnepasunwieldasusn (LC,) Sanwaiiluuuunsinszuan (cylindrical) wWsans
N3INTTUAN (subcylindrical) f93UnTIAdENIZLEY (clavate) vwasidanwasllsveng
lwajaan (lobed) "l&iﬁ@qiwmw (echinulated) JuNLDI LCB  (left cercus basipodite) 1o
32739 LC, uaz 10L wweileldfitn Un drdrondszanns 12 Hadiues hailansus

MAUNLAUTA
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Oligotoma saundersii (Westwood, 1837)

(MWD 4.5n-4.5@, 4.60-4.6%)

anwazlagnaly : wanin ddenyszinm 6.5 Tadwas fidinma aum
fwnidimady snsnmenddasusn  Jiiaauas nuesnaGer liiueiiwes
anugMEe Wuuouiduene § 23-25 U&09 1d MA (anteria media) fivnlduanuwng
(unforked) Uniidireason Udas mils (tarsi) ﬁm@;%ﬁd (hind basitarsi) flﬂ‘u papilla 1
u adezFURUEINARNBEN (terminalia) UW1AT@Y 10L LYk ALUNG 611 10R
gauiiduoanain 10L (10LP; left tergal process of tenth segment) JaniFmetdhibke?
Afleurimeuduiiguaz I LENe Y Lquma@ﬁwfﬁU"l&iamgmwiﬂé'ﬂﬂmumﬂ@hw n
meguan lasfildasusnaasunumsdiude  (LC,) danwasduuuunisnizuan
(cylindrical) laifigumuna (echinulated) suviasdiasgaring (H: hypandrium) Suansdin
snastanpdinrieseanunatnitan lasdmfivensain H (HP; hypandrium process)
azaauaaw‘{auﬁumuﬂmUﬁiﬁuﬂugﬂé’a% (C shape) Tavne

wendeliidn srdrelanm 657 aawas seadainanadinaende
PIAFIULLEREND 20 Udas windlavasdasi 8 (T8, 8" stemite) VABLEUEN
utisaan ldliansuzadonuzddd (v shape) WosUdasn 9 (T9, 9" sternite) 3
anwactumlawiignaswsnnueuuu T9 aalt) uwwmg (cerci) 119 2 T9ENANATIN

(symmetry)

N 4.5 uuasilule Oligotoma saudersii (n) iWeE (1) iwenils (A) Tauduly
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#AInen: WU Oligotoma saundersii 9o Wﬂ:ﬁuﬁiunauiﬂﬂuguﬁ L%
FIUETIIUE lagmsiansssvmaiang musasuanuadtfen el Sssuunazinisdn
ﬂ@‘wéhﬂ;gavﬁaLﬂwmmiﬁmuuaaﬁﬂmﬁm ganadulddaudnoenn dulufiwusin
Ina) 12w qu Tnan wzana wasgnaLaw tudu

v y
] P
n = —
FOREWING
@ MA
é .,—/‘- v .
N
HEAD HINDWING\
J Q

Q@ ¢
TERMINALIA
VENTRAL

HY \; "
PAPILLA

©
HIND BASITARSUS TERMINALIA

VENTRAL

N 4.6 ansouziddylwway (n-a) uaziwendy () 284 Oligotoma saudersii
-4 . . .
3¢ Ptilocerembiidae Miller and Edgerly, 2102
ansmelaanaly : wanditn awedidien wavdszinm 18 Haduas nna

= [ A I ' A A v .
prnazlanianaulaaimwe auginlauduysunn  (plumose) Uniiiaw MA (anteria

media) WANWUKS (forked) Uaasn3 Ll (tarsi) N91€1a9 (hind basitarsi) Juanwuzade
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09 papilla 1 1Ju aizRURBEINANBUAN (terminalia) AWnu MS (medial sclerite of
somite 10) %dLﬂuLLNuﬂmda%}if;%’m 10L WAz 10R (left and right hemitergites of tenth
segment) ¥nl# 10L Lunaanain 10R aEITALIL LLa:ﬂam&gudwsﬁmﬁmmao 10R 224
Snumzvasazvelinaany (MF; medial flap) unwwnasnudne aagy Toofivsasiizasvag
WAUWIIUTNE (LCy) W@ouTinniy Usasusn (LC,) wasdInszning 2 uSm LC, as
2811y (lobed) uazlgumuy (echinulated) dsngat ineilslaltn drdremn a8
Uszanme 20 Safwas lddnsusamzAady snduiifduuazaamo finanwaoun

o o A & L@ a
ﬂ’]@]’)“ﬁx‘]“ﬂ%@%ﬂﬂ‘ﬁu@
aqa Ptilocerembia Friederichs, 1923

ansmelaanly: wandn ddenyszanm 18-22 Tadwat Uamsnwaau,
\§% MA (anteria media) Nnuanuaud (forked) Udasmilo (tarsi) N¢nas (hind
basitarsi) ﬁﬂ&l papilla 1 1Ju ai’mzﬁuﬁuiﬁwmgmﬂuaﬂ (terminalia) 10L (left hemitergite
of tenth segment) Jrwralannin 10R (right hemitergite of tenth segment) AUTYUDI
uwun9LdaINaas (LC,) Ansaagusuazifondany LC, uazltsuenalng (expanded)

v A . £ a 1A o L

WiouTGunmwIa (echinulated) uazidusu  (setae) Uning wendiolufitin drdaena
Uszunme 20-23  ARELUAT ﬁmaammwuum&u%é’amuﬁ’aaLLazgﬂLLuumadLmuﬂ@ﬁaa

AURI LA RZTRANRANAAY

Ptilocerembia sp.1
(MNN 4.7n-4.7@, 4.8n-4.8%)
anwmclnanalil: LWﬂI}&'ﬁ'ﬂﬂ 8197815 17 WRALNAT SAVNFUIIT VLAY
@ FIUAIVRINGALTN §IUU  SIWANUAILIN WUONELAI RUINLIIILD LYNNL VA
ANNENIAGI WIBLiuEa2 I DuuuuLFuany 3 30 Usas (Uaadn 27-30) AFu17 weluid
a:ﬂé’awammm:ﬁLﬁumumﬂ@mawaaLL@ia:ﬂé’aaﬁuaaﬂmmﬂmmﬁmﬁum’muun
fuianuuninluweils 1§ MA (anteria media) ATnuanWYS (forked) WaziiduaINg
A . a A & v A AA o @ A o A
1In (cross vein) FMAAnlasa UndFd Fuwn umsazﬂammLL’n’sﬂ@ﬁmwmwagﬂ
us Udaamile (tars) NUgnas (hind basitarsi) ila papilla 1 Yu lasfiidusw (hair)
a \ o A o ¢ @ . . a [y & P
MIGEIRgNINANY  BIEIZRUNUE LWAAsuan (terminalia) & 10L Janw wmzh 10R

Lﬂul,musmgﬂﬁmﬁwﬁuﬁﬂ walnlans 10R @Tm&qufj"ﬁﬂﬁiﬁw:ﬁﬁﬂwmmzmaﬁﬁuaaﬂm
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A3annin MF @udasvad 10L (10LP)  aziSnuasnanyuassmulaisuaslésly
I wtng Iwdsanulswsed LPPT uazaavwialnauazlase ldniedhe wwn
WU UeILaaINTINAK (LC;+LC,) azlianmzadnunTI (conical shape) dldunua
(echinulated) WiBNLEWIUNINNNY F1wii091d8IgaYNY (H; hypandrium) AunIBue
WoUMBEIUTRIeanN28N9TAan  auEwATeN8aIn H (HP; hypandrium process)
AOUTIT
= 1A o Qs Aa A o o aAaA :/ v A
wealsldfitn sd@remdszana 18 Rafwas SedFaatuunumned

RUIAFUUULLEUMNE 26 Udad Uanenruia 5 Uaad (Ufen 21-26) A5a17 ufiduuud
pnadpuwnniianlines iniFdoniusiusnindels asnudaziniifniasden
192717 I8FV1ATUAREABTINENAING 2 D19 SIBLABTAMURRIFIUADY (tergite)

A a A A A & VY A A \ o Y .
arfiunusnidswniiauglmumnisuonaudlaesi 4-6 uazuiuladiuwipaduang

[y { th P ® & o [y [ {
Udadn 8 (T8, 8" stemite) Hvasusiaduasnidudnwoi aduznsis uas viasdsasn 9

th a & ' { [ . & o
(T9, 9 sternite) Nanwasidusasanaundsuigsly wwne (cerc) N9 2 THFNINAT
% (symmetry)
1 AInen: Wy Ptilocerembia sp.1 lamzWwNTNEITNME 138 thaw uasthay
A v o AdAa o A ) A t% o A AV o

1 lesmsfiafesinfidulofidendrom fouszinreuthyaniaasamisnldanns

g o & o
G mmﬂn@ammimmaﬂu

N 4.7 unaailule Ptilocerembia sp.1 (n) e (1) tweaile () Saiduly
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3 3
@) (6}
TERMINALIA TERMINALIA
VENTRAL
)
v 7
PAPILLA

()

4 j TERMINALIA
HIND BASITARSUS VENTRAL

N 4.8 ansoizidaylune (n-a) uaziwenily (1) 284 Ptilocerembia sp.1

'N@f Teratembiidae Krauss, 1911

anwazlagnaly: e dn PNAFIFILNARLUTZINIE 5 TaBLNAT ANET)
PDIRWIATWN ANV VEIE1H) TnTidu MA (anteria media) wanuwws (forked) 1dos
M3k (tarsi) ﬁmg’%é’a (hind basitarsi) Juanumazaiog papilla 1 1y a9 FURUST
LWﬂgﬁfmwaﬂ (terminalia) Junu MS (medial sclerite of somite 10) %deluLLB\iuﬂma L%au
g3rI19 10L uaz 10R (left and right hemitergites of tenth segment) §2uvay EP
(Epiproct; somite 11) LLazﬁhu‘ﬁﬁ'uaaﬂmﬂ 10R (10RP; right tergal process of tenth

segment) LuNaanaIN 10R atnaAnlaga ununadudelifimianangludliansmi
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WANANINUNUANNII UV LasdudovaIunn9Uda9usn (LC1; basal segment

of left cercus) Aanwmuzasilivenuaan (unlobed) laifigaunuu (echinulated) Husiuta

LCB (left cercus basipodite) 3¥#3193183 LC1 waz 10L T9anzvadsin LCB &

anwautuazue (hook) N3uNIN LPPT (left paraproct) lasladdalunmssuds wiulle

duanvaIsIwiadldasgaring (H: hypandrium) Supwidnen? LL@iﬂqumuﬁao"Lé)him@
= = o @ A a Ao Ao o

weile laidtn srarendezanm 6.5 Tafiuas Liflsnwaziansngan

@na Oligembia

ansazlasnaly: iwedHn Unfiidu MA uanuaus (forked) Udasmsle (tarsi)

nugnas Aluanumuzadund papila 1 Uy aezFURUEIWARNBLEN (terminalia) &

D.

WU MS (TawuagIzning 10L uaz 10R (hemitergites) Aufivad 10L landruannfzwa
Ini31 10R #1uvas EP waz 10RP 2zugnaanain 10R agnaiAulama wnnwisauine
Usasusn (LC1) Hanwuzasadunsnszuen luenoeen lifidurun  Gudulla LCB
uaz LPPT fasmeidulasldmadudns uiuladuasvesaiuriasddosgarine (H) &
A \ \ o \ A A \ <
wawibuenudaguiuriasldlinue laofisubanag (membrane) wrivenylum iwa

o

a \ A iAo P
We'lifitn lfisnwusiawzngan

Oligembia sp.1
(MNP 4.9n-4.99, 4.10n-4.10%)

anwazlagnaly; iwariitin PNARIFIDNNARLUTIN 5 DeBNAT &eaE
iaaudgiui S inanaduiein wnadewduuuuidudnodaudnssuuazdanugii
Tidenansanuenidne JU&oanme 16 Udas Fi1anaranmwia 1d MA (anteria media)
Alnuanuans (forked) Unfisinanasondasmile (tarsi) ﬁm@i%é’a (hind basitarsi) 1))
papilla 1 Ju adzFURUTINANBUEN (terminalia) & 10L filna) vouzf 10R Swwra
@nann Senwes MS udndanszning 10L uaz 10R lugiularsvay 100 (10LP; left
tergal process of tenth segment) a3 AENaTIAdBNTauazany 10LP asfidnums
inlauazvosaduan Juin LCB fdan@ary 10L wszgwmaas LC, lasilas LCB
(LPPT) aziilusnwavafilassalynmasudis sauvas EP uassrsmabupes 10R
(10RP; ; right tergal process of tenth segment) 2zL8NaanaN 10R BENILAKLATa Llasd)

fanpaadaund g uudnmning drudutesusnnuagdTann  LWwAnsa U
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A

Usasusn (LC,) Janwmzasadunsanszuansniiuiawun  (30) znieninla Heu

q
a

A o o o v 1 .
AU (echinulated) smmaaLﬂ@I@ﬂsama:ﬂwlugLﬁﬁaua’l LC,; uaz RC, (right cercus) a
ANUFNANATNH Fauriadldasgaine (H) Juawsduiiedadiuriasuddiuntuuesse
970 H (HP; hypandrium process) Aaudnsauvinliaguaiuriasldlinue
A 1A o o a A o v AA g/ o s
wealsldfitn srdremdszana 6.5 Jadiuas MaRFINN auasanaasar
wwadl 14 Uaad Jiana FINaaLaIlRrlauiIa WNKAY  (cerc) N9 2 TEUNIAT
% (symmetry)
#1381 Oligembia sp.1 Wu'ldiRpaluthsrsumdluszauanugiaiud 800
£ A < ' ) = Y A o @ [ & o
wastuld lasawzihduin Swudeudranuauldon asniduazTaglasdidu
a =3 1 A ¥ ' d 1 v a 6 A o el
lofvwnaidnann aganusanfanlad dnazvisagindg dulaeud Imsdwsedalay

£ dl d‘y v g Y o v =3 v
1"11%1&LLﬂtﬂ’]‘ﬁﬂT‘nLﬂﬂ’JLLﬂ’JﬂﬂﬂQﬂJSGLaﬁvl,’mﬂﬁﬁﬂm(ﬂmuvlmthﬂ

1 mm

AT 4.9 wwaaiiuly Oligembia sp.1 (n) wets] (v) ivedle (a) Sudule



PAPILLA

HIND BASITARSUS

NN 4.10 ansnizndranyluwes (n-2) waziwendls (7) 109 Oligembia sp.1

51
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313571131 unnuaasilwla Ininnniatwitananais

Unilidu MA (anterior media) WANUDWI (NN 4410) oo 2
Unfiidu MA (anterior media) liuanuang (MNA 4999 oo 3
WU IR U889 1 (LC,: first segment of left cercus) TINAUU&DIN 2 (LCy:
second segment of left cercus) (ﬂ’lwﬁl 4.12n) lasfanuseasnunyy (conical shape)
dunun (echinulated) WiDuIEWIBNINANEY dagamsls  (tarsi) ﬁmgj%é’q (hind
basitarsi) ﬁﬂ&l papilla 1 1Ju (ﬂ’]‘wﬁ AABN) e Ptilocerembia sp.1
WA uteU&aeft 1 (LC)) "L&igﬂiwﬁ’uﬂﬁaaﬁ 2 (LCy) (mwii 4.129) Tagd
snwmeassdunsenszuen sniuiidinun (37) wninildldunmwy Udasms
lasfiangnas H1a papilla 1 18 (WA 4.130) oo Oligembia sp.1
MENAINYN papilla 2 1 (WA 4.137) Usasusnuaaunuwmsdugg (LC,) 3
snwazSpuazleolng lillgunuiy  @wuvas 10LP (left tergal process of
tenth segment) ﬁﬁuaanﬁﬁhwmuﬂumﬁauﬂﬁwwEl (spatulate) (ﬂ’]‘wﬁl 4.14N) ...
.......................................................................................................... Eosembia auripecta
PIEIRRITUN PAPIA 1 LB oo 4
WAWRINIR g &a97 1 (LCy) ﬁmwmslaamﬁnﬁaﬂﬂﬁejwmmmzﬂmmlaa
10LP 3pnunay uazdanwaiiiuazua (hook) M3un3n LPPT (left paraproct) 7ilAS
so'lunmasnudgne (ﬂﬁwﬁ QALY o Aposthonia borneensis
LRI uEeU&09ft 1 (LC,) Sanmasiduuwuunsanszuen (cylindrical) "Lajﬁ@ju
RUN ﬁ’mﬂé’adﬁadqoﬁﬁmﬁmmﬂmﬂ Hypandrium (H) (HP: hypandrium process) 32
aauaaw%’auﬁ'ﬂﬁmﬂmﬂﬁiiﬁalﬂugﬂﬁa% (C shape) Tave (MWH 4.140)..oooooooooo.

........................................................................................................ Oligotoma saundersii
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n i

AN 4.12 URAIANBHSUDILNUANG UG8 ) Uaan 1 (LC,) NTnunulaasn 2 (LC,)

wazUdasfi 1 (LCy) "L&igﬂswﬁ'uﬂé’aaﬁ 2 (LCy)

ANN 4.14 ULROIANHULDDIUNWA WA WTNBUADIN 1 (LC,) LaZANHIUDWE N) LCy LAz
10LP %) LC4, LPPT uaz 10LP waz @) LCy, H waz HP



54

Wadtanzdnsanunansievesuuasduloudazsiannuluwdazduends wuin
duilanunansiia (Shannon — Wiener's Index: H) vaduuaiduly Idrdgaasud 0 fis
Agega iy 1.10 ezlanusdugue (Evenness: E) HAWYINAL 0 uaz 1 uananid

AuRAINLAY (Simpson’s index: D) AANAILE 0 119 0.67 AILFAILUAITIIN 4.1

AN 41 anunanuane vaduuad Uulgvasudazszas Tuanda (DDF = 1u@eds,
DEF = 11h&@uuay, HEF = Y1&ulwn, MDF = twuyawsym, CF = Yhawuian, TRF = 1hau

T, MP = 81182879 wae FP = aauth)

iwody 91w () Swanziia (S) H' E D
DDF 23 1 0.00 0 0.00
DEF 32 2 0.69 1 0.50
HEF 15 3 1.10 1 0.67
MDF 11 1 0.00 0 0.00

CF 16 1 0.00 0 0.00
TRF 8 1 0.00 0 0.00
MP 34 3 1.10 1 0.67
FP 25 3 1.10 1 0.67

NNEIAG H' = ATHANNRAINTANE (Shannon — Wiener's Index: H'), E = aaianuadniana = H'/

In (S) Waz D = ATHANULGEK (Simpson’s index: D

snwurfiafinudainordvesunasiiuleluiuithsssuma wuin thaun
(HEF) Sdwiusfiavasuwussduled wuldfis 3 oiia sesasan fe thdvuss (DEF) 49
sunsanuunastuleld 2 afie dmsutudeds (ODF) fhiganwsss (MDF) thawan
(CF) uazthdudin (TRF) snansanuuuatiule ldifssiuiias 1 sfiawinin sruluiuin
1°ﬁﬂiﬂsl°nﬁmﬂwgﬁﬁﬁgmaaﬁuﬁ Ao @wazd9 (MP) uazawih (FP) sNaNIanLuaAs

Julglatsfunas 3 780 oW 1ay (AN17197 4.1-4.2 uae MWA 4.15)
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s 3 3

m

2 25

o

]

&

- 2

o

oy

.g 1.5

g 1 1 1

~ 1

(Y

(=3

|

< 05

p

S

°@ 0

DDF DEF HEF MDF CF TRF MP FP
funthsssazna funnslglsTon
voINus

WNEIAG DDF = 1i@933, DEF = thAuuds, HEF = th@uiwn, MDF = thiugawssm, CF = thaw

@, TRF = thauaw, MP = 8auuzi39 waz FP = suth

AT 4.15 LaasitwnsiavasuyuastulonwuluNuninsssnma wazwuwnnlgds: Tuah

& & A P :
Taﬂu%ﬂﬂiﬂqﬂwuﬂﬂ"lﬂL%ua@ URN

P L & A4, a & Adq o & &
MN8N 4.2 ﬂ']iﬂiz'ﬂ']El°llE]\‘iLL@JﬂGﬂ%IUW%‘YW]ﬂ’]ﬁiSN?ﬂ@LL@zW%ﬂﬂlTﬂizIUTuTaﬂNkﬁﬂ'ﬂ

& A P '
IMARNNALAUDADWRTI

ANFIIN
SLAURINELA

A
IRaY (A7)

DDF DEF HEF MDF

TRF MP FP

294 Ptilocerembiidae
Ptilocerembia sp.1 + +
296 Oligotomidae
Aposthonia borneensis
Eosembia auripecta + + + +
Oligotoma saundersii
296 Teratembiidae

Oligembia sp.1 +

50-600

+ + 50-200

+ + + 50-800

+ + 50-200
800-1,250

NN8LAG DDF = 116933, DEF = thAuuas, HEF = th@uiwn, MDF = thiugawssm, CF = thaw

W, TRF = thauaw, MP = 843139 waz FP = auth
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NANIANHINTWNINTENY laganwuenInTznevasuuadtduloazfansanain
shathuazszduanuganitorzauimea (@M 4.2) sansaudsunasduloitlaiiu 3
nga leiun

oA 3 A o o A & . a A A a
ngufl 1 unasdulsfinszaeldnaefiouis noluthsrumd uwaz Auiguon &
anuginitaszauimeaialaiiiu 800 was ldun Eosembia auripecta (1361 Oligotomidae)
A L A @ A ~ A A o ¥
ngunl 2 wwasdulsfinuludeudsuuuion  Sanuganileszduimaatu
A ~ ' [% ' ' [ . .
na9ldiin 800 Lwas SeaunTauudlaidu 2 nyugag leun Aposthonia borneensis W
Oligotoma saundersii (’N?T Oligotomidae) Wﬂ%ﬁ%ﬁ‘gju‘ﬁu wae Ptilocerembia sp. 1 (’N?T
Ptilocerembiidae) Wulam 1zl uAUATNBITUTIE
A A A A A A WA Aa o ¥
ngufl 3 fissziiadornnoienzluihdunidanugsnnizduimaatu

. & .
na19gani1 800 wavluly leun Oligembia sp.1 (194 Teratembiidae)

fmTUUMEINGHEaY (Microhabitat) AiMsd1sIaNUIINMsanEnluaSedt e
lawand wWaenlsy Auanduses) loliuws vnfurioldfn ssuan Tinnaaelsy vawlsy
uaz léan Ganwasiuloudszafiofisanuinie Ssenduluunssandodesiiuandis
Awld mnmsenenluadadt wuin uwasilusfia  Eosembia auripecta snansawylalu
wae 9 wwasand oniiu sinnaaeld uasldeu vaefl  Aposthonia  borneesis  uaz
Oligotoma saundersii snansawy'ldnslusasuanaasddenlduazsnng 20l Oligembia
sp.1 wu'lenafid latnnduas sosuanvasidanls vaedl Pilocerembia sp.1 wu'ldann'la

wnaLazladn (913199 4.3)

= ' o L = & 4 A '
MN1319N 4.3 LL‘V\GGE’J’]ﬂilEl'r]El“lla\‘iLLNGGﬂ%IﬂY]WUI%W%V]ﬂWﬂLﬁ%ﬂ@la%ﬂ’]\‘]

Ta  waan ol uvw  9aw N W% A

Tua g W wis ld dar ameld T
An n
Aposthonia borneensis - v - - - v - -
Eosembia auripecta v v v v v - v -
Oligembia sp.1 v v - - - - - -
Oligotoma saundersii - v - - - v - -

Ptilocerembia sp.1 v - - - - - - v
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MIFITIANNRAINTRavasuNastulalun N mMaitanae uma’ﬁuq@aﬂmwu
uNRITlENes 5 The aanw LL@iLﬁam’ﬁagauﬁLm’]:ﬁl,ﬁammé’uﬁuf‘s:ija‘hmu
FRAULRZITUIBAIVDILNAIT UL WU AW FUTHAVAILUAIL Wb be) (Species

i A o &£ \ ' A o A A o =
accumulation curve) wumiuwgwﬂumoLLsﬂLLm:ﬂﬁWﬁ]:waﬂHmzmﬂLsJamssm? 79159

&4 (MW7 4.16)

6
.3 5 | e
o
S
n 4
7]
(T
o Richness
- 3
3
£ —95% CI(-)
35 2
- o,
< |\ e 95% CI(+)
7
w® 1
£
L(llj 0 T T T T T 1
0 10 20 30 40 50 60
Individuals

d. a . . o @ € '
AN 416 NWRZRNTUA (Species accumulation curve) LRAIANURNNUITERINI

SUINTRALREINUINA

ooy anuagonde (Similarity index: S,) vasrfiauatulofiny uda
‘Limﬁ'@méwﬁﬁ@ (Cluster analysis) lagldauiianuasnunfsvas Sorensen WL @
ﬂﬁﬁ&lﬂﬁ’]ﬂﬂgd"l}adLL&ladﬁjulﬂﬁWUizﬂ’iNﬁuﬁﬁmG] fenaud 0 59050 wio Aadlu 0
fi9 50 Wasidud laswuin @hmmaﬁwaﬁagoqﬂ 291N TIINTNR 1o (0.50) ¥1NII9
1) 11@939 (DDF) nuiluyawssns (MDF) 2) 111@939 (DDF) Ny thauTu (TRF) uaz 3)
YuanwsIns (MDF) N {h@UTw (TRF) UL §19010A88nEI5nInIsIuazaing

wazdnthaniunnlidszlomiva sy duuiagegariniy 0.50 (@190 4.4)
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AN 4.4 anuaaafwesrh auuasdulonnuluudazfivends annathsITusI@

& A o ¢ & o o e oA Y =2
LLaZWH‘ﬂﬂ'ﬁl%ﬂizTﬂ‘ﬁuTﬂﬂNiiﬂﬂ'ﬂ AIAILRVATUUWDIN LRANATATUAINNARNY AR

(Similarity index: Sg) AMAVIUANITY WEAITIWINTRALNAIT WO ANLNIRBINUA

DDF DEF HEF MDF CcP TRF MP FP
DDF - 0.40 0.33 0.50 0.00 0.50 0.33 0.33
DEF 1 - 0.44 0.40 0.40 0.40 0.29 0.29
HEF 1 2 --- 0.33 0.33 0.33 0.25 0.25
MDF 1 1 1 --- 0.00 0.50 0.33 0.33
CcP 0 1 1 0 --- 0.00 0.00 0.00
TRF 1 1 1 1 0 --- 0.33 0.33
MP 1 1 1 1 0 1 --- 0.50
FP 1 1 1 1 0 1 3 ---

WaNBWe DDF = 11@933, DEF = thauuas, HEF = thaulun, MDF = thiugansym,

CF = thawn, TRF = 11&uTn, MP = audzin9 uay FP = gauih

Wahdanuaduads siauuasdulonwoanianguaiia (Cluster analysis) lax

lFariauas1anfIuad Sorensen f:]'mn@;&limﬂiﬁ% Sorensen distance WU A3

amgaaINTialuisysuTans 11 16939 (DDF) Audiuawssas (MDF) waz thau

T (TRF) Hanuafuafimnrdagign saenauuzaag (MP) uazaiuth (FP) 91nivud

nlddszlominldlionuasoafanniigaituiu (nwh 4.17)
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Similarity (%)
50

(]
n
(=}

100
|

N |
h

DDF |
MDF

e |

DEF =]

HEF

MP I

FP I

CF
WaEA DDF = 11@933, DEF = th@uuas, HEF = th@uizn, MDF = dhiuganssm,
CF = thawian, TRF = Thauau, MP = 8aunzaag wae FP = gauih

A o \ a o 3 & A %o P
NN 4.17 mswnaﬁwnumﬂwaaLLuaaﬂulywuﬂI@ﬂlmaﬁuuu"nu@wwu
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4.2 3amainauazigmaizasunasiinwlalunmamionanais

ﬁnnmiﬁﬁéhaahaLLwaaﬂulﬂuﬁﬁnwﬂﬁﬂuqaﬂﬂaﬁmﬂ (Histological technique)

a

[ v 4 ¥ . . &
A ﬂnaaoﬁ;amiﬂmmu‘l"mm (Light microscope) UsnnfHaadi

AN 4.18 Iﬂidﬁ%ﬁdLLazag‘amme%maoﬂsJﬂs:mw n) dudseamausuag (brain) o)

UndszsmaInan (prothoraic ganglia) @-9) Uudszanaiuiad (abdominal ganglia) (ad

adipose tissue; C = cuticle; Co = outer cortex; G = Glanglia; Med = inner medulla; nf

nerve fibers; NG = neuroglia; NR = neuron; NS = neurosecretory cell)
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4.2.1 32UUWBHRNIINTY (integumentary system) 1/sznaud 8TV cuticle N
Unagulassasumouandiuussdulonanue (nwi 4.184, 4.190-4.194)

4.2.2 3zuulszdn (nervous system) Usznauaas Unlsean (ganglia) N
PUNAUANAINS I EFINATUABAILALT I EIRAILATN T BB lAU&6L U
Uszanvasunasil wlodsznaudae brain - (Judszanifiawnalwaiiga ), prothoraic,
mesothoracic, methathoracic W8 abdominal ganglia Augneande 7 dudsesndes
NNMIAnE winafiamaduanmeimenuhmndudssanwo i idnsaucadon
nidulasiasisganeidnna  (histological characteristics)  wazadfUsznauvadLTaN
(composition of their cell types)

= & & ! o . "=
nMsAnsaTinunlananaedudasdudseanaansautads 2
#1 A 1) Yudszamnaiuls (inner medulla) Nusznaumeatduludszamn (nerve fibers)
wae AlsinRe (neuroglia) Waz 2) Uniszanaiunan (outer cortex) UsznauMELTAR
waneshanutseantailln 3 wiia Ao neurosecretory cell (NS cells), neuron (NR) W&
neuroglia (NG) 1al@aslTaaanuaziduaadil (MWH 18n-184)
NS cells (neurosecretory cells) Lﬂumaﬁmu’mlﬁqjﬁqﬂ (~20 pm)
a a 1 Aa A a A s g o R a A :/ a
tndoagUianay Aadsuyans moluuinsihadlodaniledn lalanaadudafintu
\iuN1L339 secretory granules aEITALIU
NG cells (neuroglia) LHulmasgawmafiannin NS cells uaz NR cells
tndsanaufafzayie moluummihedladsuwaian naoau lolawansdudadin
Nuda
< 6 = d' % a a
NR cells (neuron cells) Lilueraaawaaniign Usznavenaiindusnau

fauvaud e lrlananaduainTwang

U
4.2.3 S2ULNAINLIHD (muscular system)

suunaubevzlsznaualionaiuiie 2 a%a Aa naruliaay (skeleton

o X a » o o
muscle) LRENATNLWBLIUY (smooth muscle) lasfinoazidun aadh

v dly | v 4?’ a dwdl 1 1 o o :

nabaaadunsuiieriednnusulnamelusiarvesnuasd  ule
= { v @ (Y . o
Fd aamaraumuldndasgansiad azilznaudis myofilament  WNANBUATTINA
naneduwdulonduite (muscle  fibers) waziilaidwlonaaiiarinnunaznaioiiu
nawiangulng (muscle bundle) ladandwiiaa1NEN7  (longitudital  sections)
NANULHaANZH JLNA myofibrils  I1WIKIIN Ueaz myofibrils  Usznauaae myofilament

AN Udaz myofilament aziAUNTITBIA0e9N T uszidauves myofilament a2
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- 9 o . i
Usngiiluuou g lasuauduiidn Ao A-band Taidugruves myosin filament uazuny
§3919A8 I-band Husiuvad actin filament inlkiAwduans (striated) 1ladananuLite
@A1UUINI (cross sections) auﬁmﬁﬂmnﬁmLﬁaagsauﬁuLﬂunaju‘lmyj FIUVDIRINARYF
viwiuzUnaueguTnaly (nwh 4.19n-4.193)

asahalssuidunauiesiiannu lddasannuazuen nnauLiaans
Aautven fanlnainaaiboriebznumuntivasadisienmaluniiuizuuvie b

o & A od o a A o & a =

wunaaias oy lanntinmadvenrs Adsznaueas LaagUnIERIBEI uIBIGaLLk

v v dy Aa a a 4 :/ a
LLﬂ‘iJ‘llﬂx‘iLﬁ%eLf_lﬂﬁqﬂJL%Q N%?Lﬂﬂﬂlﬁzﬂﬂ’]']@mﬁ%’lwu

d. v a £ ‘;‘» a o o v v ‘;‘v
i 419 lawsaiouazganmonensues nialauiumidd n) uwaasdulundiuiie
Jalng (Mb) ussliiuafos (N) JUSemegfivey o) usasiiuefva (N) J5onagnvey

uazLABUOLNLYEY A —band (A) uazuaulauad | — band (1)

424 szuulvaiawidon  (circulatory  system) avilsznausie  heart,
pericardial sinus, vicersal sinus, perineutral sinus, dorsal vessel L8z haemolymph 3711
= & & a v oA & & A
NMIANWIATIWNULNLILALRULABA (dorsal vessel) LasLnanallalaaa (haemolymph)
W1 9920 2IVNMTANBUANLGN WU LFULRaAUTZN aUMI8TY epithelial cells 13819617
& a v @ A A A ) A A & & A
TULALD UATONABANAILIUBLLBLNLINULNG (NN 197) luanzNisasidalien Wy
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n3zane lana ldnelusesineszninedan Sewedszanne 2-3 pm anwmziiinfoalng
A [ & a A :’ a =S v a A :‘ a A
Wautfuiras aamiduuazlolanaabutasfafiniiuaisg (nwh 4.20a)

4.2.5 S2UUDUDNY (excretory system)
oSpsAsndoanuszuuTudiefa  mulphigian  tubules s‘f}u%amiaa%i
FTRINNLEUD N TEIRNANLAZYNY ansmzlassgonisinieg wuiwiaf:mug’m%
11§ v305undn ampulla Feflanwmaiunizdhe udaznszihzdsznoudis  mulphigian
tubules 3 L&W LLa:Lﬁaﬁnmoﬁ’m@amm%mﬂwmw 'ﬂ'af:u%nmma@ﬁ’muﬂumaﬁgﬂ
Qﬂmﬂﬁ%ul,am (simple cuboidal epithelium) ’J’]da%illu peritoneal membrane (ﬂ’]‘wﬁl

4.20%, 4.21)

4.2.6 3z UUNILAKDINNT (digestive system)
NILABEIRTT (digestive tract) LFulLLsIINFIBNGanUAaNee Taguig
aandu MILAUBIMITEIRGR (for gut) EIUNANI (mid gut) kaz §3urng (hind gut) Lasidl
~ o &
THURLDLANI
NILABDIRITEINAW NIILABDIRITFIBHIZITNAING Tadln o anay
. Aa v & A o
WRBABIWT (esophagus) WAL proventriculus NAlATIENITW mucosa Buendnldlu
lumen (enteron lumen) ¥ NUAZUANUTWILABIENURY IoadldayIaduuLy  simple
. . v g: é o 2 ] ] o g;
squamous epithelium 0aadidusi submucosa TiUsznavdlaitaibainaInwmdugn
1199 0aanbdusu muscularis UsznauaransNHalIuy 1TUIAIOTNET UEAAZIA
o o & A A g A 4 o A & & ~
ledagdnaenn Tunangana serosa TawdoidaineannwEsadutuungg (Mwi 13A)
NILAWDINITEINNA  UaIAUTZNaLVBITUAN JLANaUALNIILEY
IWNTEIUAH UnLY W mucosa  Bwe 1 1w lumen ungalaifiuuiisuny
MAGuaIMIIREL Y uazioafideydaiduuuy  simple columnar epithelium 71
a a =) o LY Aa A 1 = a a 2’ a U a
mmamgﬂsagﬂaﬂﬂmumugmmamumaauua:"l,ﬂﬂ@wmaﬂjm@aumuww UILIDh
ﬂmﬂmadl,snaﬁu@ia:maﬁazﬁmsa%waaﬁiiuﬂ@;uiﬂsauﬁL‘%ﬂﬂdw rhabdorium 1i484931NAAR
eosin (NMWN 4.20n-4.20%)
NILAWBAIRITAIBN Y NLAWIIITEINIENNNTULIaaNTY 3 ’Rautiay
Ao pylorus, ilem L@ rectum lasf pylorus L ilem lassgefadunude o4 mucosa
A1 1l lumen  1ANTRE VANNTINILEBINMITAIWGY LETDENITNIILELDIANT
§IUNAN Uazuanuuwiiaaanias iwadliaydaiduluy simple squamous epithelium

faad lhidunw submucosa UsznaumaiiiaidaifeIniAmdmAosTULN99 faan
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a & . Y Y & a g c: Lo 7 a
\uss muscularis  daznaudmsniuibo RuUNFINaAUEITALAY ThDNFAAD
A = A A A v a c & A v A o o
serosa GaifubaibanoanuSsadusuuneg  luamed rectum azlassgiefiadnany
LT LNEILATY mucosa  2:8wa 11w lumen  NNNANY WANINREINY 5-6 rectal
. = s a & { ] 1 ' a a
papillae mﬁaﬂwmxmsﬁmmmauLsmﬁﬁmmuﬁgﬂﬂavlml,uuau Uinaiazgninag

@18 cuticle LAz WagURTUIBIHalHanM LBy (MW 4.20)

[ 1R G e e w7
NEVE, < s
il[e L™ %57 ) e Vel L ALY
I ,'F,{' PG R Y
[ ‘.) '<',. > o N % ‘l‘

.»’/
&

2NN 4.20 Imaa%ﬁma:ﬁ;aﬂ'mwm% VIIUNLAKEIAIT A) NILABDIMITRIBA WA

FIWNAN  (AIU812) B) MELEBDIRIT §INGH (A10V9) D) NNNLEBIMITEINYINY

(@10817) (C = cuticle; Dv = dorsal vessel; f = food; Fg = foregut; H = haemolymph; Hg

= hind gut; | = illum; L = lumen; M = muscularis; Mc = mucosa; Mg = mid gut; Mt =

mulphigian tubule; P = peritoneal membrane; R = rectum; r = rhabdorium; Rp = rectal

papillae)
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427 iznuﬁuﬁ%ﬁ: (reproductive system)
ai’m:a%ﬁdLmaﬁﬁuﬁuﬁ?ﬂaaLLmaaﬁulﬂwuagluﬁaaﬁaw’%nmﬁﬁwad

§167 lasunu@aagiumaduamIsiunaisuasying (nwi 4.20)

1) anwmelassadroitardassldvasimenis
wwastl wloiwenfiodsznausesils 2 49 LLdazﬁwqa:gﬂﬁmﬁuﬁaaﬁao
1oy mesentery uginz33l19zdl 5 ovariole udaz ovariole axuUTTYlFILLTAS lUIzBLA9
UImEIntaneway ovariole azTiunwannauliu lateral oviduct nawdasunwdurie
wla (oviduct) nnmssaniitoiiosslashy haematoxylin uas eosin (H&E) saNTA
uaaolassEieTassIuag 9 G

¥ v

laa3laa  (ovarioles) wuiSiawitivaslansleagniauein
i = A A A o A A o & a & o
peritoneal membrane T9UsznauikattalNaINBNoAUNa NS ULTUIIWIBUINUNTN
Y = a 'Y o \ & L. . AN A
atdn TImMaaTguazianvasivlivesuuasuluiuuuy  meroistic ovariole #1laifl
nurse cells LL@imImﬁIaszﬁ@@T’m oogonia LAz oocytes Tx81zdN9 9 M IAN®IATIH
fANINIALLIIzBE MR LA s WA aEes 1t bl 7 52wz lasRarsonann
6 [ . a A . . !
230UTeNaUVaILTAR (cell content) VUG (size) LATNNIAAR (staining properties) lagua
8zIzU2 TN follicular stalk 9%
. & & o A & Aa a ,
Oogonia Lilwiaaaanwmenady (dszunm 10 pm) awaldn diiedusat
asanasnumalszanm 5 pm Ui mlslanatad sliansuzunadadrun vaslitaan
lasazilidagluitaibaluiu
. . g ~a a a a |J
Previtellogenic  stage  lwszeizii melusSnaiefoalawalnan
o A a o A £ o A A v o a a o Aa
(~30-50 pm) Fwaudndledmzinluuaziaistey 9 afuibiafoaduly Nl
A \ 'Y R Aa ;& A A £y .
2anuandsn lolawaiadund USunmunuasfafainady (basophilic cells) luszey
Haziiin follicular cell LIE9AITHLALD (~1 uym) (simple squamous epithelium) LLazgﬂﬁa&l
¢85 tunica albuginea wian33z liTALIUINININ
. . . o
Early vitellogenic oocyte LIRS R NUWALNNY U (~100-120 pm) meluls
2 A i & o a 4 o |
lawana Guil yolk vesicle iludwinwinnuazlvinalngurudiagauuanvaslolan
aadu luszazfiaziSuny yolk granules NRAMNALAN laadaina ldannmMIfaanIa wazas
o A [ & = n:? o 6 A
Jassluanwaslwiswmnmelulalanarady luszozfazsanamsaiilfsuudasvas
follicular ~ cells  Saaausnmdusuwan iNssudezilfowdeyuuy  low  columnar

epithelium (~5-6 pm)
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Late vitellogenic oocyte (~120-150 um) 1w acidophilic cell Tugr9auvas
g ' P a & a ' o a o o =] A
sroefiad lWwuiefoaruaan ugﬂﬁavluLLuuauagmmﬂ@mu%m lasfl mMyavan
& = v a' =
yolk granules 11w lagdsinglulolanaafunsrdas 9 nszasawdnlolawaaba
& a 6 = . < . .
luszosilazgaunamyalilaouutasvas folicular cells nanedu high simple columnar

epithelium (~15 pm) LAZATFINANTHITINGIVES yolk granules lu“ﬁ’aaﬂaﬁﬂfiauﬁﬁg
final maturation
] A’ L 1 v ]
Mature stage Load azpzht (~150 pm) dauulUde luda afidniad
[l 1 a a o o . p:l' = | . A
1o ldwufaedos @m0 follicular cell azifaunavliiilu simple squamous @93y

soNTauLuT U9 9

n== % a o % & A o ¢ a Y
NN 4.21 Iﬂix‘iﬁi’]dLLﬂz’?ﬂﬂ’lﬁlW?_l’lﬁEl’JEl"JZﬁTl\‘]L‘Iiﬂﬂ ETUWWD;‘]JENLW?ILNU sznavuaiy
L‘ﬂﬂéﬂ“ﬂitﬂ:@i’mﬂ fa Yo previtellogenic (P), early vitelligenic (Ev) LLas late-vitellogenic
(Lv) (F = follicular cells; Mg = midgut; Mt = mulphigian tubules; N = nucleus; nu =

nucleolus)
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> b

% ¥ 4” a
2) aﬂ‘]sl'mgtﬂi\‘iﬂi'l\‘l thatiaainnecyad L‘Wﬂﬂ

dumzuaastiulodl 1 ¢ anwoze addunaIzastestias unuvnuda
agnumadneIIuna lasfibefiimuniiludidal@aaglutasrios anmaday
fuitalladtumeaay haematoxylin Lag eosin ENNNTOLEAILATIAIIVBIEIUALSS (MWD
4.22n-0) A9%

DA (testis) UIzNoUGMNABARTIIFINNFD (testis tube) 5 Yia Udnzyio
°11amaamﬁ”naaﬁﬂi:ﬂauﬁ’aswiasiam"nmumﬂ (subtestis tubes) fiaufillaaanlydivia
#agd (vasa efferens) LLa:i’mﬁ’uLﬂ@aaﬂgViaﬁuaqﬁ (vas deferense) ¥RDARI1NDRI

& a Aa Y e o ¢ e o ¢ ' v & A
duudn wnfinssiussdduiug lassasauiuiaansoudslaidy - 5 szoz fe
spermatogonia, primary spermatocyte, secondary spermatocyte, spermatid LR
spermatozoa Waluiuastwlaaduisaansany laifisiud 2 2oz Ao spermatid way
spermatozoa  la# spermatid tAeanmsudarassuyluladavad secondary
A Ao & a_ d o = A o ¢
spermatocytes LIARIUITEL NaNWMLNaN LN ARy Spermatozoa Lﬂumaaauwuq
320 laLANN LTRAUITZNOUMBEIUAINNBUSNAN AAFTNVY  basophilic WAZEIUAIN

& v =3 a = . e
L ULRWLAN 8712 AARTUWVBY acidophilic

et - e

i
,;4 200 pm

P Y a o o 4 o ¢ o o
ANN 4.22 Iﬂjﬂﬁi’l\nl’ﬂz'ﬁﬂﬂ’]ﬂw{l’]ﬁa?ﬂ')zﬁi’l\‘]lfﬁaaﬁuwug Ta\']LWﬂFd ﬂ-ﬂ) TN

(testis; T), Maa3190]7 (testis tube; Tt) viaminsagatas (subtestis tubes; S) (ad

adipose tissue; H = head of spermatozoon; Hg = hind gut; M = mulphigian tubules; St

spermatids, Sz = spermatozoa; T = tail of spermatozoon)
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TN ANITANEN

= A a a L dq‘ n:ll A '
mMIAnEINITIMNuasinaInevasuNastwlaluaanunaaniianauss T
aviwuuNasdule ey 3 219d 5 ana 3 ofle uaz 2 JUuuUFMgIUdeU lanaed
Oligotomidae i 3 ofia Ao Aposthonia borneensis, Eosembia auripecta W8z Oligotoma
saundersii 296 Ptilocerembiidae # 1 EﬂLLuuﬁ'mg’m fa Ptilocerembia sp.1 URZ A
Teratembiidae & 1 JUwuUFTUZIU fia Oligembia sp.1  ildausnduunsiiald lay
= a ] dl 1 1 A 1 v a 6
mMIAnsal WranrRevesuuatulonruunuid Jesheakes 20 wlialu 4 294
(Ross, 1978; Ross, 2000a, 2007; Poolprasert, 2011) (137199 5.1) NIRlunsAn®1ATI
Y o A & Al 1Y { = ‘g .
#9WL9d Ptilocerembiidae S9fiaidursdlningndunuiliaiiagh (Miller et al., 2012) i
A a A A Aa A a A A
atiipsanaAsuazadsnmInonuegdsslunzguan dinadulailidy
(Friederichs, 1934) ¥NlAMIITNENUNMINLATIRTUATNENBANTNLATILINENA L
agnalafionw ulyldhdil8nwanssfiansensuminsiseansmzag  winiinsueny
msanwdaldluiunnmedug vadlszndlng
WadAnmfennuFgunuivasLuasdulonuinadanl  MTUNINIZNLVBILNAS
tulosansanulanslununthsywmnaussiunnlfdszlomivesnysdlasazfianson
nnriavasthuazszauanuginimza  lassaniaudiuaasduleldoandu 3 ngy
A oA A A A . A Ada A o & A
da ngufl 1 e llafuninszneluiuindanuganioszauimziatwunanslaiinn
A o o A oA A A \ & Ada
800 L@y TimwnInvzadeldlunanpdaudis ngufl 2 sllafiuwinsznluiunnd
o :/ 1A d 1 1 d o o
anuganitaszauimzathunandlaiiu. 800 was Sawudndungundianudwmnziv
a o ) A A A A . A Ada A o &
fuaduvadudazzila ngun 3 Aanduiuninnsluiunnianuganilaszauimeaa
thunanaannndt 800 was MitiritevesThuazszduanuginnimziasanIauanii
oA % = = & . L A )
unsanagendousztisanwisanuge  wanysatuesth lasuvasiulosfia Eosembia
. v & A A, a [% ' & o A @ oA '
auripecta  §N3NIWU IENIRUATNEITNTAUTTNaUaI Thi@e39 thauuds thaun Th
n_a d}’ J A A U 6 2 1 ] 1 A
wyansvos thauau washunfinusdlduslom laun sunzirsuazaInd 49
FEAAREINUNIANENUEY Poolprasert (2011) lasduafianwulanluludszinalne
&MU Ptilocerembia sp.1uaz Oligembia sp.1 R13NTNU latAssluAuNTNsIINIGLYNEY
A v, & A Kaa o Aa o = . =
suduldldims 2 slledfiiuedonfionuawnanzasnuanuduey wenand
. . , . v ¥ A ¥ ~
Aposthonia borneensis Wwae Oligotoma saundersii W'l mluﬁuﬁmgwﬂ%ﬂiﬂﬂ%ﬁ GiN
ni 2 silall gniasandudusiienGeaniufsanduluminisdriadioanuiady
nadwldaanldszauoiadn g wu wu naaeld niaduihan udw  (Ross, 2007;



69

Poolprasert et al, 2011a; Poolprasert, 2012) ¥inlAanansanuiAnuuadtulons 2 viia e
ﬁ'ﬂﬂhﬁuﬁlﬁaawaqmgwﬁ A1 1T 8IUNZN29 wazRIw 2a9nIdnEn luaYat

@1391 5.1 NonunInuusasduleludszinalnennedatodegiu (+ wy, - liww)

Ross, Ross, Ross, Poolprasert & Poolprasertet Present
1978 2000a 2007 Edgerly, 2011 al, 2011(a,b
Species gerly (a.b) study
F. Embiidae
Oedembia sp.1 - - - - + -
Oedembia sp.2 - - - - + -

F. Ptilocerembiidae

Ptilocerembia sp.1 - - - - + +
Ptilocerembia sp.2 - - - - + -
Ptilocerembia sp.3 - - - - + -
Ptilocerembia sp.4 - - - - + -

F. Oligotomidae

Aposthonia borneensis + - - - + +
Aposthonia ceylonica - + - - + -
Aposthonia problita - - - - + -
Bulbosembia thailandica - - + - - -
Eosembia aequicercata - - + - - -
Eosembia apterosa - - - + - -
Eosembia auripeceta - - + - + +
Eosembia lamunae - - - - + -
Eosembia paradorni - - - - + -
Lobosembia mandibulata - - + - + -
Oligotoma humbertiana - - - - + -
Oligotoma nigra - - - - + -
Oligotoma saundersii - - - - + +

F. Teratembiidae

Oligembia sp.1 - - - - + +
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New Country Records for the Webspinners Genus Oligotoma

Pisit Poolprasert*

Faculty of Science and Technology, Pibulsongkram Rajabhat University, Phitsanulok 65000
E-mail: ¢4761008@hotmail.com

Webspinners, or footspinners, are among the most primitive social Embioptera, a poorly
characterized and often overlooked insect order with less than 400 valid species.
However, it was speculated that the true number was probably nearer to 2,000 species
worldwide. Typically, a few species live on remote islands, but some species have
spread to several continents through anthropogenic intervention, especially through
transport as a result of overseas trade. In particular, the genus Oliscotoma Westwood,
1837 (Oligotomidae), has expanded extensively by such anthropogenic-assisted
colonization. There are about 13 species that have been discovered and recorded in
the world of this genus. Oligotomids are readily recognized by their enlarged front tarsi,
which contain about a hundred silk glands that are used for silk secretion to spin a
network of narrow hollow tubes, or galleries.

This study involved field sampling from natural forests and human exploited
areas within 17 locations in Thailand. Three species of the genus Olicotoma included O.
humbertiana (Saussure, 1896), O. nigra (Hagen, 1885) and O. saundersii (Westwood,
1837)-were found, which had not been previously reported in Thailand and are
therefore considered as new records for the country. Furthermore, potential diagnostic
characteristics of the adult females are noted between these three species based on
the differences in the patterns of their sternites. The distribution localities in Thailand
and keys to the species of both sexes of these three species are presented. With
further study, this complied key can be used as a mold reference to produce a much
detailed identification key. Basic biology studies and distribution of this genus in
Thailand will lead to a better understanding the genus. Biomolecular technique can be
carried out in the future studies to support this morphological identification key.
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Species and Distribution of Webspinners in Phitsanulok Province and Adjacent Vicinity

u®IA19 LATad 91 me waufia uaudeu nduren’ Ny AN uasANg wallmidiy”
Sangdaw Krueamee', Waraporn Ponkaew', Sengduen Kinrot', Kanjana Lungkawong' and Pisit Poolprasert"

Abstract

The species diversity, distributional pattern, characteristics and habitats of webspinners in
Phitsanulok province and adjacent vicinity were carried out by directed searching. Data compiled from field
works were done in various plant communities together with specimens’ investigation during October, 2012 to
May, 2013. A total of three species and two morphospecies from five genera under three families of
webspinners were recorded. There were three species of family Oligotomidae: Aposthonia borneensis,
Eosembia auripecta and Oligotoma saundersi and only one morphospecies in each family Ptilocerembiidae
(Ptilocerembia sp.1) and family Teratembiidae (Oligembia sp.1). Dealing with the known distributional pattern,
the webspinners can be classified into three groups. The first one including those dwelling in several plant
community types at the average level less than 800 m. The second one living in specific plant community
types less than 800 m. The third one restricting to the hill evergreen forest averagely above 800 m high. In
addition, the webspinners could be usefully applied as the indicators of the forest condition and also the
acquired data could be used as a guideline for suitable habitat management.

Keywords: webspinners, distribution, Phitsanulok, adjacent vicinity
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Gonadal Structure and Gametogenesis of the Webspinner (Insecta:
Embioptera: Oligotomidae: Oligotoma saundersii)
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Abstract : The gonadal structure and development stages of germ cells of the webspinner, Oligotoma
saundersii were described for both sexes. Detailed histological studies in female showed a pair of
ovaries, which consisted of large numbers of ponoistic ovarioles joined by short pedicels that
connected to a common oviduct and embedded in the adipose tissue. Each ovariole is divided into 3
regions: terminal filament, germarium and vitellarium. The germarium usually contains the
prefollicular cells and oogonia. The vitellarium contained various stages of oocyte development that
can be classified into 4 stages: 1) Previtellogenic oocyte, the nucleus is presented in the center and the
follicular epitheliums are arranged with squamous epithelium. 2) Early vitellogenic oocyte, the
ooplasm is finely filled with yolk granule as spherical spheres and the follicular epithelium is shown to
be cuboidal epitheliums. 3) Late vitellogenic oocyte, the follicular epithelium increased its thickness as
columnar epithelium. The yolk granules are spread toward the central domain, multiplied and increased
in size during in this stage. 4) Mature stage, this stage presented the enlargement of the yolk granules.
In male, each testis was composed of five testicular tubes. Each testicular tube contained only two
stages; spermatids and spermatozoa based on the pattern of chromatin condensation and other
characteristics. This research has possibility of providing invaluable information regarding the
reproductive histology of this species of webspinner for future references and continual studies.  »

Keywords: insect reproduction, histology, oogenesis, ovarian structure, webspinner
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The gonadal structure and development stages of germ cells of the webspinner, OIigotoma saundersii were descrlbed for
both sexes. Detailed histological studies in female showed a pair of ovaries, which consisted of large numbers of ponoistic
ovarioles joined by short pedicels that connected to a common oviduct and embedded in the adipose tissue. Each ovariole
is divided into 3 regions: terminal filament, germarium and vitellarium. The germarium usually contains the prefollicular cells and
oogonia. The vitellarium contained various stages of oocyte development that can be classified into 4 stages: 1) Previtellogenic

oocyte, the nucleus is presented in the center and the follicular epitheliums are arranged with squamous epithelium. 2) Early
vitellogenic oocyte, the ooplasm is finely filled with yolk granule as spherical spheres and the follicular epithelium is shown to be
cuboidal epitheliums. 3) Late vitellogenic oocyte, the follicular epithelium increased its thickness as columnar epithelium. The yolk
granules are spread toward the central domain, multiplied and increased in size during in this stage. 4) Mature stage, this stage

presented the enlargement of the yolk granules. In male, each testis was composed of five testicular tubes. Each testicular tube
contained only two stages; spermatids and spermatozoa based on the pattern of chromatin condensation and other characteristics.

This research has possibility of providing invaluable information regarding the reproductive histology of this species of websplnner
for future references and continual studies. ]
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Abstract : The gonadal structure and development stages of germ cells of the webspinner, Oligotoma
saundersii were described for both sexes. Detailed histological studies in female showed a pair of
ovaries, which consisted of large numbers of ponoistic ovarioles joined by short pedicels that
connected to a common oviduct and embedded in the adipose tissue. Each ovariole is divided into 3
regions: terminal filament, germarium and vitellarium. The germarium usually contains the
prefollicular cells and oogonia. The vitellarium contained various stages of oocyte development that
can be classified into 4 stages: 1) Previtellogenic oocyte, the nucleus is presented in the center and the
follicular epitheliums are arranged with squamous epithelium. 2) Early vitellogenic oocyte, the
ooplasm is finely filled with yolk granule as spherical spheres and the follicular epithelium is shown to
be cuboidal epitheliums. 3) Late vitellogenic oocyte, the follicular epithelium increased its thickness as
columnar epithelium. The yolk granules are spread toward the central domain, multiplied and increased
in size during in this stage. 4) Mature stage, this stage presented the enlargement of the yolk granules.

In male, each testis was composed of five testicular tubes. Each testicular tube contained only two

stages; spermatids and spermatozoa based on the pattern of chromatin condensation and other
characteristics. This research has possibility of providing invaluable information regarding the
reproductive histology of this species of webspinner for future references and continual studies. *

Keywords: insect reproduction, histology, oogenesis, ovarian structure, webspinner

Introduction family Archembiidac was investigated on its
muscular, nervous, digestive, and reproductive

Oligotoma  saundersii (Westwood, 1837), a  systems [7]. Therefore, additional histological

relatively small to medium species of webspinner
belonging to the family Oligotomidae
(Embioptera), is found throughout both tropical
and temperate regions. It is also considered to
have been a major introduction of Embiopteran
among this genus in East Asia [1] [2]. Recently,
O. saundersii was identified within Thailand for
the first time and therefore is thought likely to be
found throughout the country [3]. Additionally,
its host plant preference is very diverse i.c.
Acacia auriculaeformis A., Cunn. Ex Benth,
Diospyios rhodcalyx Kurz,, Dehnh, Mangifera
indica and Cassia javanica L.) [3]. Even though
the external morphology of O. saundersii has
been studied by many researchers [3] [4] [5] [6],
the study of internal morphology (particularly of
cell and tissue levels) is still limited.

Regarding the histological aspect
concerning the cells and tissues of webspinner,
only Archembia batesi (MacLahlan, 1877) of the

studies of other species of the embioptera group
should be undertaken. Herein, the specimens of
Oligotoma saundersii were examined to reveal
the picture of gonadal structure and
gametogenesis. The structures were described
and illustrated.

Materials and Methods

Adult Oligotoma saundersii (6.5- 6.9 mm in
body length) were obtained from a public park
located in the Plaichumpol sub-district, Mueang
district, Phitsanulok province and bred in the
Laboratory of the Pathobiology department,
Faculty of Science, Mahidol University,
Bangkok, Thailand. We collected a total of 10
individuals (5 males and 5 females), which were
cuthanized by rapid cooling method [8].
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The collected specimens were dissected
and immediately fixed in Davidson's fixative for
18-24 hours and then were processed using the
standard histological technique. The sections
were 6-7 pm in thickness and stained with
Harris’s hematoxylin and eosin (9]

Results and Discussion

Histological structure of oligotomid ovary

The female reproductive system of
Oligotoma saundersii showed a pair of ovaries
distributed along the alimentary tract (mid gut)
within the abdomen. Each ovary consisted of five
ovarioles enclosed by an external sheath of
ovariole. The ovarioles of this species were the
ponoistic types being joined by short pedicels
connected to a common oviduct which are
embedded in the adipose tissue.

Each ovariole was examined and found
to be divided into three distinct regions i.e. (a)
the anterior terminal filament, (b) the germarium
and (c) the vitellarium, which consisted the
various stages of oocyte. The study was
conducted based on the cell size, shape, nuclear
characteristics, amount and characteristics of
cytoplasm and staining properties that could be
found within these four distinct stages: Stage I
(previtellogenic  stage), Stage II  (carly
vitellogenic stage), Stage IIl (late vitellogenic
stage) and Stage IV (mature stage) were
distinguished (Figure 1).

Figure 1 Micrograph of Oligotoma saundersii
showing basic ovarian histological structure
(H&E stain). Tf = terminal filament, Gr =

germinarium, Vr = vitellarium, O = oogonium, P
= previtellogenic stage, Ev = carly vitellogenic
stage, Lv = late vitellogenic stage, M = mid gut.

Structure of developing oocyte in germarium
and vitellarium

The germinarium usually contained the
oogonia and occured within the anterior area.
The oogonium demonstrated the smallest cell
among female germ cells. It is characterized by
the large nucleus and small amounts of
cytoplasm while there were four stages in the
vitellarium of oocyte. The details of cach stage
are described as follows:

Previtellogenic stage is larger than an
oogonium and characterized by the presence of
the spherical cell of oocyte. It contains the large
nucleus that lies at the center together with
multiple nucleoli while the cytoplasm contents
arc strongly basophilic. The oocyte is surrounded
by a single layer of follicle epithelium as simple
squamous epithelium (Figure 2A).

Figure 2 Micrograph of Oligotoma saundersii
ovaries showing stage of oocyte development
(H&E stain), P = previtellogenic stage: N =
nucleus: n = nucleolus; F = follicular cell: G =
yolk granule; nm = nuclear membrane: Ev =
carly vitellogenic stage; C = oocytes cytoplasm:
O = oocyte plasma membrane; B = basement of
follicular layer; Eo = external sheath of ovariole:
M = muscular tissue; Lv = late vitellogenic
stage; M = mature stage.
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Early vitellogenic stage is larger in size
compared with the above previtellogenic stage.
In this stage, the nucleus contains many nucleoli
within the nuclear membrane. This acidophilic
cell is characterized by the appearance of various
yolk granules in the cytoplasm. This was
observed for the first time. As ecarly
vitellogenesis progresses, the follicular cells
change their shape from monolayer squamous
epithelium to become the columnar epithelium
(Figure 2B).

Late vitellogenic stage, at this point the
nucleus is not seen. The yolk granules are
mcreased in number and size within oocyte
cyvtoplasm. The follicle cells surrounding the
oocyte are simple columnar epithelium (Figures
2C and 2D).

Mature. stage is characterized by an
expansion of yolk granules. As mature
progresses, the follicular cells change their shape
from the monolayer columnar epithelium to
become the squamous epithelium (Figures 2E
and 2F).

Histological structure of oligotomid testis

For anatomical structure, a pair of testes
was presented with five testicular tubes that were
embedded in adipose tissue. Microscopically,
the histological parenchyma of each testicular
tube of Oligotoma saundersii was covered by a
layer of basal membrane. Within testicular tube
there were many cysts that contained the
differentiation of spermatogenesis. In this study,
only two stages -spermatids and spermatozoa-
were found. The details of both stages are given
below (Figure 3).

Spermatid was presented in the zone of
maturation, which was contained within the cyst.
Oval nucleus was small in shape with an
tensively basophilic cell. A rim of eosinophilic
cytoplasm was also exhibited.

Spermatozoan was shown in the zone of
transformation with the smallest spermatogenic
cells. The histological observation based on
morphological feather and staining can be
distinctly classified into two regions (head and
tail). The elongated head contained the dense -
chromatins as strongly basophilic cell. The tail
was a- strongly acidophilic cell with rarely
apparent uniflagella.

Figure 3 Micrograph of Oligotoma saundersii
showing basic testicular histological structure
(H&E stain). T = testis, Tt = testicular tube, M
=mulphigian tubule, ad = adipose tissue, Hg =
hind- gut, St =spermatids, Sz = spermatozoa, H =
head of spermatozoan, T = tail of spermatozoan,
S = follicle.

The ovary of Oligotoma saundersii demonstrates
a panoistic oocyte type (no nurse cells), which is
similar to other embioptera groups [7] [10] [11]
[12] [13] and can be found in many inscct orders
i.e. Thysanura [14], Orthoptera [I5] [16],
Isoptera [17], Odonata | 18] and Phasmida [19]
[20] [21]. Whereas the developing oocytes are
distributed within ovariole they can be classified
as a terminal filament, germinarium and
vitellarium. Usually, the oogonia are lied in the
germarium which is the essential part of the
ovarioles The germarium region contained the
germ cells, which shortly developed into the
oogonia and the follicle cells. After mitotic
division, the follicle cells enclosed the oocytes.
For the vitellarian region where the ovariole stalk
met the paired oviducts, female embiids
exhibited longitudinal and stronger circular
muscle which created a sphincter action as the
ooctes pass along. The energy for the movement
of the oocytes in the follicles toward the oviducts
was due to the growth of the younger oocytes
[7]. In this study, the ovariole of O. saundersii
showed four oocyte developmental stages of
female germ cells, including previtellogenic,
carly vitelligenic, late vitellogenic and mature
stages. These stages also resemble other
Embiopteran such as Aposthonia (Oligotoma)

Japonica found in Japan [13] and Embolyntha

batesi collected from Brazil [7].

The follicular cells surrounding the
oocyte rapidly changed in each stage especially
the carly vitellogenic stage. which is similar to
the prior reports in other insects for instance, the
American cockroach (Periplaneta) and the stick
insect (Carausius) [22] [23]. In_  general,
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follicular is involved with the production and
conversion of steroid in the ovaries of insects.
Changes of epithelium within cach stage are
correlated to sex hormone level within the insect
groups. [24] [25]. Due to stimulation of female
sex hormones in each stage, the follicular cells
could change their shape.

In this study was found only spermatids
and spermatozoa, it confirmed that the specimens
collected was adult stage. This finding is similar
to Embolyntha batesi observed by Lacome
(1971) [7]. On the other hand, immature insect
can be mainly found the spermatogonia and
spermatocyte [7].

Conclusions

This * rescarch reveals the basic
knowledge of the histological structure of the
gonadal structure and gametogenesis of
Oligotoma  saundersii, which was firstly
identified or this species and could be used as a
model for other embiopterans. The outcome of
this preliminary study will not only increase the
fundamental understanding of the reproductive
system but also enhance the knowledge of the
ovarian structure, which will be able to be used
for further systematic biology of evolution.
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Abstract

The community similarity of the webspinners or embiopterans (Insecta: Embioptera) in the
different habitat characteristic types were conducted by hand picking between September, 2012 to
August, 2013. Three species and two morphospecies in three families and five genera were
recorded. The family Oligotomidae contained the greatest number of species (3). Two oligotomid
species (Aposthonia borneensis and Oligotoma saundersii) were found only in the human
exploited sites such as mango plantations and forest parks throughout the study areas. On the
contrary, Ptilocerembia sp.1 (F. Ptilocerembiidae) and Oligembia sp.1 (F.Teratembiidae) were
found solely in natural forests. The most common species, which was distributed throughout the
lower northern Thailand, was Eosembia auripicta (F. Oligotomidae) and was able to be
encountered in both human habitations and natural forests. Of all studied habitat types, the highest
number of species (3) occurred in the hill evergreen forests, mango plantations and forest parks,
whereas the lowest number of species (1) occurred in dry dipterocarp forests, coniferous forests
and tropical rain forests. Among the combinations of pair-wise comparison, the most similar
habitats of natural forests (0.50) were dry dipterocarp forests, mixed deciduous forests and tropical
rain forests. In the same way, mango plantations and forest parks shared the highest similarity
(0.50). The species composition of the embiid faunas of the lower northern area is partially
consistent with known Embiopterans of Thailand. Further studies on the systematics and ecology
of this order in Thailand need to be investigated. E

Keywords: Biodiversity, Embioptera, habitat utilization, lower northern Thailand.



1. Introduction

Webspinners, commonly known as foot
spinners or embiids, are small insects (order
Embioptera) with about 360 described species
worldwide (Engel and Grimaldi 2006). They
produce the fine silk in gland situation in the
swollen foretarsi and live gregariously within
silk galleries (Collin et al., 2009). They
primarily graze on the outer bark of tree,
decomposing leaf litter, mosses and lichens.
Nonetheless, they are very interesting insects
with a unique primitive social behavior and
ecology and also have some primeval
morphological characters (Ross, 2000).

There are few reports in the species
diversity and little biological data of
embiopterans from Thailand where is a center
for biodiversity because it contains very
different habitats from high mountains from
low land. Because research on Thai embiid
fauna quite limited in the number of species
reported is still under estimate of the total as
well as the embiid taxonomists are still scarce.
Hence, the lower northern Thailand, the part
located in the biodiversity hospot of Thailand,
was conducted to be representative areas for
study species assemblages of the webspinners
associated with different habitat characteristic
types in both natural forests and human
habitations.

2. Materials and Methods
2.1 Survey and collection

1) Study site: The study of webspinners
was carried out between September, 2012 to
August, 2013. For both wet and dry seasons.
The specimen collecting was taken by
encounter from various ecosystem types highly
degraded anthropogenic areas to native forests
in lower northern Thailand, consisting of
Phitsanulok, Phetchabun, Uttaradit, Sukhothai
and Tak provinces, respectively (Figure 1).

2) Field collecting: the habitat types for
webspinner collection in lower northern
Thailand from natural habitats (6) to residential
areas (2), comprising dry dipterocarp forests
(DDF), dry evergreen forests (DEF), hill
evergreen forests (HEF), mixed deciduous

forests (MDF), coniferous forests (CF), tropical
rain forests (TRF), mango plantations (MP)
and forest parks (FP), respectively.

Figure 1 The map shows the study sites with
provinces. 1)  Phitsanulok, 2)
Phetchabun, 3) Uttaradit, 4) Sukhothai
and 5) Tak provinces

In each representative habitat type was
divided into three sampling units. For each
sampling unit, the length of the line transect
sampling is one kilometer. Within the sampling
trail, the possible shelter habitats or foraging
sites of webspinners e.g. on and under bark of
the trees, under or in crevices of rocks, and
under leaf litter were observed to find the
specimens. The specimen collection was
conducted by hands, aspirator, forceps, paint
brush, chisel and then kept them in the plastic
box containers. In addition, the characteristic of
the galleries, ecological habitats, altitude and
GPS from each collecting site were recorded.

Adult specimens were preserved in
70% ethyl alcohol for further sorting and
identification. All specimens were classified to
the species level using the identification key of
Ross (2007), Poolprasert & Edgerly, 2011,
Poolprasert et al (2011a, b) and Poolprasert
(2012).

2.2 Data analyses

The webspinner assemblages were
determined by separating the assemblage data
(species diversity and species composition)
from the various habitat types. All assemblage
parameters in this study were calculated based



on the average density of each embiid species
in each area. The Shannon-Wiener function
(H’), Pielou’s evenness index (J) and
Simpson’s diversity index (D) (Krebs, 2013)
were used to determine the diversity among
embiopterans in each habitat characteristic
types. To determine the species composition or
relative abundance of different webspinners
employing habitats, the similarity in species
composition among habitats was determined by
a cluster analysis using Sorensen (Bray-Curtis)
distance measurement (Bray & Curtis, 1957).

The relative similarities of webspinner
present in the different habitats were
determined by cluster analysis and a cladogram
was also produced using PC-ORD version 5.10
An accumulation model was also used for
embiid diversity in this studied region. The
rarefaction value and its 95% confidence
intervals were computed (McCune & Mefford,
2006).

3. Results
3.1Diversiy and community similarity

Table 1 List of embiid species found in different
habitat types.

Habitats
. D DHM T Altitude
Spechcs PEED SR MET ™
F F F F F
F. Ptilocerembiidae
Prilocerembia sp.1 -+ + - + - . 50-600
F. Oligotomidae
Aposthonia bormeensis - - - - - 50-200
Eosembia auripecia + + 4+ 4+ - o+ 50-800
Qligotoma saundersii - - - - = - + 4+ 50200
F. Teratembiidae
Oligembia sp.1 = =+ - - - - - >800
Species richness 1 2 3 ¥ ¥ I 3 3

Remarks: DDF = dry dipterocarp forest, DEF =
dry evergreen forest, HEF = hill evergreen forest,
MDF = mixed deciduous forest, CF = coniferous
forest, TRF = tropical rain forest, MP = mango
plantation, FP = Forest park.

The embiid species associated with
habitat characteristic types were shown in
Table 1. Hill evergreen forests, mango
plantations and forest parks sheltered three

species each (60 % of the total). Two species
(40% of the total) were found only in dry
evergreen forests. Only one species each (20%
of the total) was found in mixed deciduous
forests, coniferous forests and tropical rain
forests, respectively (Table 1 and Figure 2).

Number of species

DDF DEF HEF MDF CF TRF MP FP

Natural forests Human exploited

areas

Remarks: DDF = dry dipterocarp forest, DEF =
dry evergreen forest, HEF = hill evergreen forest,
MDF = mixed deciduous forest, CF = coniferous
forest, TRF = tropical rain forest, MP = mango
plantation, FP = Forest park.

Figure 2 Number of embiid species per habitat
characteristic types.

Dealing with the known distributional
pattern, the webspinners can be classified into
three groups. The first one including those
dwelling in several plant community types at
the average level less than 800 m (Eosembia
auripecta). The second one living in specific
plant community types less than 800 m
(Aposthonia borneensis and Oligotoma
saundersii were found from residential areas
and Ptilocerembia sp 1. found from natural
forests). The third one restricting to the hill
evergreen forest averagely above 800 m high
(Oligembia sp.1) (Table 1).

Among the estimated diversity indices,
the Shannon-Wiener index (H’) for all
webspinner species ranged from 0 to 1.1. The
Pielou’s evenness index (J°) ranged from 0 to 1
and the Simpson’s diversity function (D)
ranged from 0 to 0.69, respectively. All species
indices of eight rice growing stages are
presented in Table 2.



Table 2 The webspinner diversity in different
habitat characteristic type.

Habitats Individuals Species H' J’ D

DDF 23 1 000 0 0.00
DEF 32 2 069 1 050
HEF 15 3 1.10 1 0.67
MDF 11 1 000 0 0.00
CF 16 1 000 0 0.00
TRF 8 1 000 0 0.00
MP 34 3 .10 1 0.67
FP 25 3 1.10 1 0.67

Remarks: H’ = Shannon Wiener index of diversity;
J' = Pielou’s evenness index; D = Simpson’s
diversity index

For the species accumulation curves
(observed and expected) for all habitats in this
study, the curves of all surveyed areas in the
lower northern Thailand were consistent when
survey stopped. Sampling of the webspinners
produces accumulation curves as shown in
Figure 3.
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Figure 3 Species accumulation curve for all
webspinners survey in lower northern
part of Thailand.

On the basis of the coefficient of
community indices calculated for all possible
combinations of the eight habitat characteristic
types, no habitat had an index value higher than
0.5 (Table 3). However, the assemblage
recorded of embiid species in the natural
forests between dry dipterocarp forests and
mixed deciduous forests had the highest
similarities (0.50). In the same manner, the
most similar habitats (0.50) were mixed

deciduous forests and tropical rain forests. In
addition, mango plantations and forest parks
shared the highest similarity (0.50).

Table 3 Pair-wise combinations of the assemblage
of species recorded in natural forests and human
habitats. Values are coefficient of community
indices (upper right) and number of species shared
in common (lower left).

DDF DEF HEF MDF CP TRF MP FP

DDF - 040 033 050 000 050 033 033
DEF 1 - 044 040 040 040 029 029
HEF 1 2 - 033 033 033 025 025
MDF | 1 1 - 0.00 050 033 033
Ccp 0 1 1 0 - 000 000 0.00
TRF 1 1 1 1 0 - 033 033
MP 1 1 1 1 0 1 - 050
FP 1 1 1 1 0 1 3 -

Remarks: DDF = dry dipterocarp forest, DEF =
dry evergreen forest, HEF = hill evergreen forest,
MDF = mixed deciduous forest, CF = coniferous
forest, TRF = tropical rain forest, MP = mango
plantation, FP = Forest park.

Similarity (%)
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Remarks: DDF = dry dipterocarp forest, DEF =
dry evergreen forest, HEF = hill evergreen forest,
MDF = mixed deciduous forest, CF = coniferous
forest, TRF = tropical rain forest, MP = mango
plantation, FP = Forest park.

Figure 4 Dendrogram of the communities of
webspinners in the various habitat
types, obtained by the cluster analysis.

The dendrogram produced from the
cluster analysis (Figure 4) appears to indicate
that the communities of webspinner from the
eight habitat types were somewhat different.
The three habitat types of natural forests among
dry dipterocarp forest, mixed deciduous forest
and tropical rain forest habitats were more
similar to each other than those found at the
various other habitats. Similarity, the



cladogram showing the results of cluster
analysis indices that wenspinner communities
in mango plantation and forest park were more
similar to each other than to the other types of
human habitats.

4. Discussion

In the survey of species richness of
webspinners along with an altitudinal gradient
of 50 meter to over 800 meters and various
habitat (Table 1). All of three species and two
morphospecies, five genera and three families
were reported. The total number of species
collected per family per altitude was deferent
influenced by the interaction between insect
family and altitudes. It might be indicated that
the distribution of webspinner communities in
lower norhthern Thailand varied with altitudes
and in which family of particular webspinners
was in. Many researchers have used altitude, an
indirect environmental variable, as a surrogated
variable for temperature (Sanders, 2002;
Thakur et al., 2008). However, this parameter
is complex and may co-vary with other climatic
factor such as wind, rainfall and cloud cover
and with the isolation degree on the summit of
mountains. A negatively respond along the
altitudinal gradients with insect species
richness has been reported in different
ecosystems (i.e., in mountain forests by Idris et
al., 2002).

Ptilocerembia sp.1 could be found at
both low and high elevations (50-600 meters)
in tropical evergreen forests i.e. dry evergreen
and hill evergreen forests where multiple crops
occurred. This species can be also encountered
in coniferous forests were only pine occurred.
It would be suggested that in the more humid
areas of those habitat characteristic types where
this species found are being inhabit restricted
habitat.

In the present survey, the habitat of
Aposthonia borneensis was always on the bark
of shade trees and near residential or developed
areas at the elevation (50-200 meters), such as
orchards, forest parks (ornamental plants) and
plantations (mango), but it was never found in
forest habitats (Poolprasert et al., 2011a). This

species is an anthropogenic “weed or alien”
species with a wide distribution in the
commercial areas of many localities in
southern Asia, Indonesia, Laos and Malaysia
and has previously been recorded from Nan
Province in Thailand (Ross, 1978). These
records suggest that this species is now
relatively common and widespread throughout
Thailand.

From surveys from the mountainous
forest regions to the lowland areas of lower
northern Thailand, Eosembia auripecta was
fairly common in this study and was able to be
encountered in both residential areas and
natural forests at the low to high above sea
level (50-800). According to Ross (2007), this
species can be occurred in the same habitats of
other species such as Ptilocerembia spp.

The majority of habitats of Oligotoma
saundersii in this study were found on the tree
bark of shaded trees and near to residential
areas, such as in mango plantations and forest
parks at the low level of elevation (50-200).
Oligotoma saundersii was never found
inhabiting exposed places during the dry
season, but rather they were found to disappear
into crevices and under the bark of trees and
other humid and shady places (Poolprasert,
2012). This probability shows the moist
atmosphere is suitable for them. This species
was dominant at this altitudinal sites.

Only Oligembia sp.1 was limited in
specific area, hill evergreen forest where high
moisture occurred, at the high altitude (over
800 m). It was considered as rare and elusive
species because of its camouflage beneath
pulverized bark particles and feces.

5. Conclusions

A total 164 individuals -- representing
three species and two morphospecies from five
genera under three families of webspinners --
were recorded. Most of the websinners in this
study are widely distributed in different habitat
types and at a wide range of elevation. The
number of species associated with each habitat
type, elevation and season are more limited.
From this study alone there are still few



morphospecies that are not published that
would likely further change poorly known
embiid fauna status in Thailand. It is plausible
that a rich fauna exists. The results from this
study increase the available information on the
zoological distribution of order Embioptera
within Thailand. Additionally, the webspinners
could be usefully applied as the indicators of
the forest condition and also the acquired data
could be used as a guideline for suitable habitat
management.
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ARADUNITLAILNAITLAN ARSI UNIIANBINIAIWLTaLEaINEN

idegafinesdsiatanaanages 70% uan 24 59 lus srowniu13lusiaen
AYRAN (Davidson 's fixative ) MNUWIN RN TN dehydration 628 70%
ethanol, 90% ethanol, 95% ethanol Waz n-butanol @NEAL L& lUEWATZLIRANT
infiltration &4} paraffin wax Tagla xylene Wuaanans mu"?%mmg’m (Humason,
1979) 4N paraffin block mauftmﬁavl,ﬂé'@ section @Twm'%'ad rotary microtome ‘ﬁm’m%m
Uzanm 57 llaswas udin secion  Alddaunaladninua udsiludoud
hematoxylin uaz eosin MN3ITHIAIFIU (Humason, 1979) fwaziBuadsit
NITUINNIT paraffin method AL H&E stain

1. Fixation théragsfiivansnuaninl Lﬁa%q@ﬂixmumimamﬁ 15}
ﬂﬁﬁ%mmaaéﬁashmé’omnﬁl,ﬁﬂ%%LLﬁ’J@”’m Davidson's fixative (Dietrich and Krieger,
2009)

N3L@38N Davidson’s fixative

Formaldehyde (37-40%) 200 UARANT
Glycerol 100 NaRANT
Glacial acetic acid 100 UaAAAT
Absolute ethanol 300 NARENT

TagvinnistAuaadnglils Davidson's fixative 17114281 24-48 TIL39 KAIAINTH
vimstaalagne il alcohol 70%
2. Dehydration (Humuson, 1979) ATTUIBANTANKNaaN

Transfer tissue from 70% alcohol to

95% ethanol | 2 771w
95% ethanol Il 2 771w
Absolute alcohol 2 %LQIW
Absolute alcohol 12 2lug wiafisly 24 T2 lus

3. Clearing T4 alcohol 8aNANNLTAR
Xylene 1-2 1214
. . & v ¢ A o9 o ¢ & P oo .
4. Infiltration BU§ UL wax ngmaa Lwamlmsﬁammo Lwaﬁ]zvl,m@ section
1ede
Transfer tissue to:

Xylene + Wax (1:1) 30 Wl
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Wax, 1 T1N4
Wax, 1 T2 189
Embed in Wax 3
AszuIwMTHardaarinlu paraffin oven
5. Section cutting
° o A A o a . v & A °
AnIaatitatiiagioiaIad microtome 1% laihattaunsuuwia 5-7 Wwlasuas in
LLNuLﬁaLﬁamaﬁgﬂﬁmﬁwzmmaaﬂuuﬁ'sﬁ’lﬁqmﬁgﬁﬂi:mm 40  AIALTALTYR
o~ o = & A & 2 o \ & o v 4+ & A a
L‘walmawumguumawamﬂﬁ ANHUIILANLHWR FRA U Ta WA LWL L H RO LI
slaq
6. Staning N3 UR
NN3gauFA28 Eosin Waz Hematoxylin
U
NITUIWBNIYBNE
1. Jualadaslu Xylene iluiian 5 wafl tWalen Wax aan

2. nnuugaaladadlusiazanaengg dadalud

N-butanol 3 U7
95% ethanol 3w
90% ethanol 3wl
70% ethanol 3wl
Wnau 3 w19l
Haematoxylin 3w
Wnau 3 w1l
Differentiator 10 Jw
szt IUNITNI section L/l
70% ethanol 3wl
90% ethanol 3wl
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95% ethanol 1 W
N-butanol | 1 W
N-butanol Il 2 Wl

3. dlag Xylene 11 {uiian 3 WAl waz Xylene IV 1duiaan 5 wfl
4. U@ coverglass lag DPX mountant f19& Lo @ bALLAS

FANTLLAG MILGTBN 1% eosin Laz Delafield’s Hematoxylin
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NIILA3YN 1% eosin

Eosin Y 1.0 N3y
70% ethanol 994  UARAGI
Glacial acetic acid 5 Y8889

Wavnanlt 138919678 70% ethanol 1Lilw 0.5% eosin WAALAN acetic

acid 2-3 B
N3LA38d Delafield’s Hematoxylin

>

Hematoxylin 4.0 ny
NRRAT

22D

Aasolute ethanol 25
Ammonia alum NH,AI(SO,),.12H,0 U3zu1th 6 NIW/H,0 400 Naras
nuwAuld flask aanolSluddfiuss 35 S shwnnses lagdiy 100 ml
glycerine uaz methanol 100 Jadaas s iiAaliingnasiadunm 6 §aw wazifiu
i ilumauzidesin
N13tA38¥ Buffered Formalin
10% formalin 1,000 Aaf§a®I (conc.100 + H,O 900)
NaH,PO,.H,0 40 N3
Na,HPO, 6.5 N3
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Your nasdn, uaaLaemn nauIaN, Aang wadlszady, 5ws WFusn, fadty wwusail uas
ws Sunsaiad . 2557, fgamﬁmmmzﬁmﬁmﬁmaas:uuﬁuﬁufﬁéa%uauﬂu
533091 Catopsilia pomana (Fabricius, 1758). MINFANMFATUAzINA Ll
URINNUTITNANEAS DA 22 atfUft 1 (Wn3aN — Twran): . 1-10. (MEIRUN)

MW §9n198 , @ty wwded, wnsy sunsadad , Tuns yndl waz  WNAS A
Usziady. 2556. ﬁ;amsﬁmﬂLLa:fgamaﬁmﬂmﬁmaszuwaaﬁau{wﬁu Epicauta
waterhousei (Haag-Rutenberg, 1880) LWALNE&EIUTING. IFITITININAIINLAL
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(Fang and Chaux, 1949) MIMTAnemaasuazinalulad smInsnassssuanaas U
22 atfuft 1 @nTan — Swran): . 1-11. (F8IRuN)

AnuTe Lawiad, WAEY wallszaly uss 2Bws \fiusin. 2556. mmﬂ'&‘wuﬂaagaﬂw%’m
voda Tt ETARFURUTIaIUAaiNoUNas Barbonymus altus (Giinther, 1868)
MNutad SINTAnASHITIINIT. NI INGALQUNTITIN . U9 15
atiufl 2 (Wqeey —NINGIAN): . 1-10.

AnTe LEwIIa, LB tNBAINA, 2338k 379INIANA UAL ‘ﬁﬁﬂ;ﬁj waseiasg. 2555. M3
Lﬂ?&"ﬂuLLﬂaamagamu%mﬂmaaﬁu audauuazla vasdanzlW (Puntius stoliczkanus
(Day, 1869)) NNUAITNAT T9IWIARATATTTINTIT . MNTEIMsLlszas DA 65 atiufl 5
(MWD - AAAY): . 353-359.
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o9 Q1
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Uszasy. 2556. wllauazmauniniznpvasunasiuloludimiafivalanuaziu

=

Indifss. undadalunatszguizms PWNBAIWIFINTITA 11 (neaImamile
Aauan). w1 45. (30-31 NINYIAY)

fim o, nilug) A, @Imesd 33a3, Jund Baundu, Dews nesiu ua: ARug wa
Usziay. 2556,  unadnginuazdazsIIum@luszuuineasratnibuni
undagalumstszgaisms swnwasusmsassd 11 (nwasmamilonauss ).
Wil 46. (30-31 NINGYIAN)
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-, DD
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