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Abstract: Diversity of Freshwater Zooplankton in Thailand

Studies on the diversity of freshwater zooplankton in Thailand were reviewed, particularly those
that were supported by the BRT program. The objectives were to study species composition,
distribution, duration of occurrence, and ecological variables affecting the distributions of the
following groups: rotifers, cladocerans, copepods and anostracans. In order to conserve and manage
aquatic resources, it is necessary to gather baseline data on zooplankton for constructing keys to
identification of Thai zooplankton and to prepare a good reference collection. To date, 26 new species
of zooplankton (13 rotifers, 1 cladoceran, 9 copepods and 3 anostracans) have been described from
Thai specimens. Several new records for Thailand were added to the Thai checklist. The total
numbers of species currently recorded are 327 for rotifers, 78 for cladocerans, 45 for copepods, and 3
for anostracans, and their species lists are presented here. Among these, 18 species are regarded as
endemic to Thailand. They comprise 7 rotifers, 1 cladoceran, 7 copepods and 3 anostracans. The
majority of recorded species of rotifers and cladocerans are circumtropical species. However, many
species of copepods and anostracans are more restricted in their distributions. According to their
distributions, affinities between the zooplankton communities of Southeast Asia, South Asia and
tropical Australia are documented. A relationship between species composition and temperatures or
pH is not clearly detected, whereas it is related to salinity and conductivity of the water.

Key words:. Rotifers, Cladocera, Copepods

UNII

unasriaaugaiinuluunanideveslsinalnadsnaudsdasumnadniwm 5 nau ldur Tuslada
(protozoa), Tsdias (rotifers), aalalwan (Cladocera), ladwaa (copepods), LAz aaanNINAaa (ostracods)
(320093, 2530) dwstluunasittana (temporary waters) ﬁﬁi{'m”amwn:’ﬁ"smgNuﬁnwuﬁmfwmmﬁmﬁwﬁﬂ
2 ngw laun lssimunay (clam shrimps) uazlstiwnewn (fairy shrimps) (azeed uazatiz, 2543) UNINaan
@%’@fmwﬁ@mmsnlﬁﬂu@”"ﬁﬁﬁauaﬂqmmwﬁvn"lﬁ (Pejler, 1983) 1in Tsdwlainerfianwuluiings ldun
Keratella tecta (Gosse), Brachionus calyciflorus Pallas, Filinia longiseta (Ehrenberg) Iﬂﬂu”ﬂlfmuﬂﬁ’uﬂ%mmﬁ
WUA2E Lmaiam{'lﬁﬁm@;mmsa:mﬂagjmn (eutrophic waters) ainfiunasrinaudaianduagnuiutiuannia 1,000
A6aaaT duuLL%daiﬂﬁﬁﬁﬂqaﬂﬁﬂiﬁaa (oligotrophic waters) sinfiuwasrinaudaianduagszanos 200-500 @
@afaT (Ruttner-Kolisko, 1974) luﬂ“%gu”uﬁumm:l,ﬁfmLmeﬁ@aué'Wﬁﬂumsﬁmmﬂwﬁ@ waldiduems
fmsuaaiindan wwu lsdiwed (Brachionus plicatilis Muller) fimstwnzidssnuasiounswansmsludssinelng
(3o, 2530) wazensdszina laun njﬂ;u wazBay e (Hirayama, 1987) 'lsuas (Moina micrura Kurz) Goiduaanla
o TTiianiis LW’]ZL&TSGLﬁiasl,%l,‘f]ua’m’ﬁﬁ’m‘ﬁ_@ﬂﬂmﬁfﬂ‘ﬂ daliwmaniifmamenenafiazasd s e
nawmlsingy (@37dle) famnusaunsdiSaszaunsasamainanlianiAdslddasnanedmuun (azeas,
25417)

i ¢ AT

Tuwadinnuisoianuiieniuamansnrasvasunasinaudasinsalulsandlnefdaudhotan
ilasnanaanassadaniens (keys) Avnzaulumssuunsfiavasunastasudailuaaton Mannudimy
Tumssuunaiia %am”agaﬁugmm psunsdiaaudaliduday afisnduatinsbad aMITAMIUZAUINENTHENNS
Fafih eniuismImunInanWIs s uunasaanga Tinsandanen iuslulsandlng  ialdnmuannnw
‘uadaaﬂ‘mmjﬁﬁluﬂ%ﬁ;ﬁu waziioiduds ayAdMILMIANINEUANIRAINEANEN I TIM NN nauTa T

fsnUszmalnoluewag  FRSUNRNWIILH K SouiSeslanununanuiduunadnaauga TN g anule
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dszinelng I@mawwzmu’ia”ﬂﬁ"l@ﬁ'unuaﬁfumgumﬂiﬂsams BRT fivihmsfinwaas 4 naw leur Ta@wes, am
Tawmam, Tafinea uazlsriwnemh LﬁaamﬂLﬂunq’uﬁﬁmﬁwmﬂ%mwwnluuda‘hmwﬁwLL@:LLwiﬂi:maagﬁ"svl,ﬂ
mmmdn{ﬁ@mm rdszindlng

Bawas dudatvansmasumadniganusunuslndsanunanuuaudanan (nematodes) ingan
Inenvalsdines ilulwauls@ins  (Phylum  Rotifera) %qﬁ'@agj’lwgtﬂaﬂw&mammﬁuﬁa (Superphylum
Aschelminthes) Tagvinluls@asTanuonyszanms 40 luasau fs 2.5 fadias udsulnajinegszning so-
100 luasan (Clement and Wurdak, 1991) ﬁfﬂamsu?muuwaaﬁ@aué’@ﬂﬁ@%%‘[sﬁma%’ﬁwuﬁ'ﬁ‘[aﬂvlﬁl,ﬁ's
A1 2,000 &%« (Wallace and Snell, 1991) d'mlmgmﬁ'yag‘l,uﬁﬁ@ fiNeaszanns 5% ﬁmﬁaag’lui{’mi’aﬁ
waztianzia (Pennak, 1989) msdnmiAganuanunansiavaslsiasunnasludrslssnalasamsly
nIdylal frsnwisiuswuadidedls@ineiinuudlunivas 9 it ylad 1,350 &d3d (Berzins,
1978), 2aW3M 510 &G (De Ridder, 1987), aaalasiay 620 a4« (Koste and Shiel, 1987), uauasndn 64
GRS (Jose de Paggi and Koste, 1984) uazalNInuniteatnaas 400 aoF (Chengalath and Koste, 1983)
dmidayaluaifodilives udwdowudszana 300 ad¥d (Segers et al, 1994), AAUTud 61 addd
(Mamaril and Fernando, 1978) luila.a. 1966 Uszinelnosudulaswuls@iwesifusaiddidos (Ueno, 1966)
De Ridder (1970) wulumeanansuazinilasnuau 29 slldd naseniu Koste (1975) VL@i”ﬁws'mmﬁLm:ag;mu
ndnavsnluiiaszie uasldniteadddlng (new species) 1 wilidda Lecane junki Koste #9an
Boonsom (1984) usinsedelsaiasmasirmanuludszinelnaswan 80 adts

aarlaizas LﬂuLmeﬁmauﬁ'ﬂfﬁﬁ'@aglfl,u"lWﬁ'wmﬂwﬂﬂm (Arthropoda)  TulWaNaTELALTE
(Subphylum Crustacea) famuduwuslndfaiuwings wazy wdfawadnnd1 anwemdszanm 0.2-18.0
famwas Inenuiealamesiinuusarinlanddszanm 600 s3T# (Korovchinsky, 1996) saulwnjondbatilu
undstidawdsaiulsined  SnsdnwiAsnuanusmnransetisuninaneludnslssng  Souised
NonwAgiswnsievasemlamenludssinadne g el smdy 177 adFd (Manuilova, 1964), 830w 92
80T (Scourfield and Harding, 1966), \wasaiuit 107 al%d (Flossner, 1972), a8 109 adTd (Margaritora,
1985), 81513043305z aUd% 111 &% (Chiang and Du, 1978), sasiasiie 125 a3« (Smimov and Timms,
1983), sw3galu3m 138 sDFd (Pennak, 1989) uszanaify 62 sl (ldrs, 1983) dwsuludszinelneg
m3finsndaiites Boonsom (1984) MuTumedeamlarmaninuluunaninens § $1wmn 48 sl uedie
30 aﬁ%ﬁﬁmﬁmuﬂﬁﬁﬂgﬂﬁm)

lafinan LﬂuLmeﬁmaué’@fﬁﬁ'@agluvlw5ua1ﬂﬂiiﬂmw JulWauaTae B ugwdsnuaalaime ua
wuuwinanouUsinasnnrislwidauazimes Tasvialufanugn doud 0.5-2.0 adwas Junssiariniud
b1 3-5 fiadwas (Wiliamson, 1991) lutszindlnadnonuwihwuladwaadwin 21 a6 unguaawasd
(Calanoid) 14 &3 uazndwlalaawand (Cyclopoid) 7 a4 (Lai and Fernando, 1981; Boonsom, 1984) #1131
Uszineaniaidy uazfialds Snonwiwuledweariy 31 a3 Wunduanamend 11 addd uazlolaanond
20 &% (Lai and Fernando, 1978; Lim and Fernando, 1985)

Ism9ti Lﬂm%“m'ﬁﬁmm@Lﬁﬂﬁ'ﬂaglu"l,w&'umﬂﬂﬂﬂm 1 WauaTaIaLSy (Class Branchiopoda,
Order Anostraca) mﬁ'f_lagflmmdoﬁﬁmﬁﬁﬁwﬁ%’ﬁmm TIWEENIN UNEaUTEY U UNEIEY Wia
uggmuas”  Sreartiamdusnsuzians mmsnﬂ%’mﬁL'ﬁ'aWawﬁ'ﬂmmdam{ﬁuﬁﬁﬁwﬁLawwziuﬁ'sar]@]clu
1wﬁ'smgju§aﬁauﬁﬁwsLLﬁﬂsm{wmqﬂﬁmeﬁUﬁ]zwamvl,‘*ﬂﬁﬁl,ﬂﬁaﬂwm (cysts 1138 resting eggs) INWIKAN o
ﬁ'll,l,ﬁa"hj%agnwUamJa'aﬂaagjﬁm:agﬂmw:w”nﬁa aruanasnlvailuddaly lumsisinidudisanuas
wigduaanivde bl (szeaas, 2541n) unssandovaslstinunsh leun UaIaLaNauvaw tenianaad
Franunfitinlidn Tusssumdmunsonulninaildlussmninadouumem fsfamnauvaimnd amnrvas
Isiwnanh Teur swsawedn wwedide Tuslad ussls@ias snnulsiwenhaduedivandan wazen

u U
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douvaduuainTiiadig g lshwshadsiudamwedn udldfiilfen sdafiannuen 1.3-3.0 wudiwas dn

o, v A oA

Fwthdwan 11 ¢ (Jellvudns 5 ¢) hodmnoieslaslfindenmdesih nawidenitue 1 ¢ 4

' P al R ' o a A a A @ o o o o ¢
We 2 @ wwagn 2 vasiddamnindwasiidy Wesnnudsuuasliiwelfinmeiududonanaunig
srumoruonaandusesuanffuandy dufiofindliagmdiurias 1 g1 (azead’ uazamz, 2543) udad
neantmmnluusnaaasautu wnzdadiwwannlwaeiseuiwlaihweiduamis daulwgTadnwy
:/ = a 1 a a =3 a = a s = U 1 a g’
lwihdenowvesuguueimivewiminite glad om waziads lweBuaziueanifosldwuindlai
W asBauaNes 2 Tialint laln (1) Streptocephalus dichotomus Baird, 1860 wuluiszinansin (Belk
and Esparza, 1995) uaz (2) Streptocephalus javanensis Brehm 1955 wuludszinaduladlige (Vaas, 1952)
wninsenaasnilanwy lsihwnarudiduam 23 ana 273 vila (Belk and Brtek, 1995) THANIINAUUWINAL
A Y = A e A . . o f Y = o eda o @ A v o A
fa lahwAunlaaifidy (orine shrimp) andbagluindy idusaindanudaymaessgia uaziandudlu
WMAWAFa T nadnsifsnueynsninuuasinainsves s ludeinalnediesinn - §
NUNWVRINR WAz (2530) wazdTe (2532) wu'lsinwenh 3 ofie lwaedswiamaazineanidoanile
wazaanianqauys ud lidmyduunafiemseunsainm
& a a Ao o & v & A AR 9
nanuiidumasuuisssnuwitumuunasinausafindandnuludszinealne lasiuinuas
annaduazindnmnfldiumuainlasins  BRT swltbwadiddaguzsdiiednmnaiia  nsuwinszang
qgma'ﬁwu waUATUNRNAINENNTNAG DN TUNINIZNLVDIUNRIN ADUFAT 4 n§w lour Tsdies, aanla
wran, ladwea, waz s
aa
25019
« % ] & o &
MIAUAIDEL N UNRIANDBE
& e & o & ] & @
WAuAatIunaItnaugatanunashd 9 ludsznelng Daz 2-3 a3 auanuwsnzay lagls
IAINUNAITABY (plankton net) Nflzwiaan 60 luasew MnwwhanaasdiaWenG 5% uazai1inlady
mafinaingadunadin laun anudunsa-ang (pH), aounndl (temperature), ANXLAN (salinity), A1N13UN
19 (conductivity), AL (turbidity) uazAN@anTLaussane (dissolved oxygen)
mslaszialagvunasinawdndwiasjiians
ieethunasiaausaiandnnedludigunw (qualitative) lasnissuunsiia 1zl wazdeogy
dundasansiainimamogidagunialdmiviiamunuaznagy (camera lucida) MylaTzidIaing
vwriedndudasiramwdisndasgansaidianaseusiiadeina (scanning electron microscope) 9t
(3 v ﬂ/ ' o Qs U a & YA .
FeindudasaSouaiatedmiundaddidanases G9lE35n13089 Sancamuang and McKenzie (1993) uaz
Sanoamuang and Stout (1993) f%3ULaNFNT81989N 1T sznauM TS LuNadTdvasunaInaausaiiasae lUh
1. TsGunas éun Koste (1978); Koste and Shiel (1987, 1989a, 1989b, 1990a, 1990b, 1991);
Nogrady (1993); Sanoamuang (1993, 2001d); Segers (1995a); Shiel (1995); Shiel and Koste (1992, 1993)
IWaz Shiel and Sanoamuang (1993)
2. aalawwasn ldun Dodson and Frey (1991); Idris (1983); Korovchinsky (1992, 1993); Shiel
(1995) uaz Smirnov (1992)
3. la#inam lduA Dumont and Reddy (1993, 1994); Maas (1993); Reddy (1994); Reddy et al.
(2000), Shiel (1995) uaz Williamson (1991)
4. Tsviwreovin leun Belk and Esparza (1995); Brendonck (1995); Brendonck and Belk (1997);
Brendonck et al. (1992); Geddes (1981); Maeda-Martinez et al. (1995a, 1995b)
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LLWRJH@B%&@?Z"%W?W&IYIB\?[&H

wuuwadnaausainialnivadlan (new species) S1wansn 26 adda ulstiwes 13 addd, asla

vrasn 1 #0%« , lawwea 9 ad8d wazlviuwienh 3 8098 sosdua

Lﬁmﬁ'uamwﬁwuLLa:;‘il’ﬁmmmsﬁuwﬂﬁumovhulum‘mﬁ 1 @28814

Pasunadnaandaivialnylaizasliluawi 1-10 waz 26-60

it 1-10. lsdiefofialmivaslanfinulutszinalng, 1-2) Lecane shieli Segers and

Sanoamuang FWVIBIUAZEWARY; 3) Lecane segersi Sanoamuang Gw¥ias; 4-5)

Lecane thailandensis Segers and Sanoamuang AWVBILRZATUWAY; 6) Lecane

superaculeata Sanoamuang and Segers aurias; 7-8) Trichocerca siamensis Segers

and Pholpunthin AUTHUAZA WY BY; 9-10) Lecane baimaii Sanoamuang and

Savatenalinton (‘ﬁlm: Segers and Sanoamuang, 1994; Sanoamuang, 1996;

Sanoamuang and Segers, 1997; Segers and Pholpunthin, 1997; Sanoamuang and

A
Savatenalinton, 1999) s £ s 1
zs' & v & a . a
397 1. wnasiaeusasoiialndvadlaniwuludsanalng
JaINENATAS FONUNLAUA8E N3NN8
1. Isawlas
1.1 Lecane junki Koste J9U3zINA 2.4ATRIIIA | Koste, 1975

1.2 Lecane shieli Segers and Sanoamuang

LUBBURINT .RNAUAT

Segers and Sanoamuang (1994)

1.3 Lecane thailandensis Segers and Sanoamuang

LUBWUWINT 2.RNAUAT

Segers and Sanoamuang (1994)

1.4 Lecane segersi Sanoamuang

AUBITN LY 2.00T51

Sanoamuang (1996)

1.5 Cephalodella songkhlaensis Segers and Pholpunthin

NLANDE AN

Segers and Pholpunthin, 1997

1.6 Lecane superaculeata Sanoamuang and Segers

ARaIFIYN 2. Wmlan

Sanoamuang and Segers (1997)

1.7 Trichocerca siamensis Segers and Pholpunthin

NZLANEE 2.ANAY

Segers and Pholpunthin (1997)

1.8 Colurella sanoamuangae Chittapun, Pholpunthin, and

L =
WI L 9.9100

Chittapun, Pholpunthin, and Segers

Segers (1999)
1.9 Lecane baimaii Sanoamuang and Savatenalinton ﬂaadvjam‘u 2LUATIITRIN Sanoamuang and Savatenalinton
(1999)

1.10 Lecane isanensis Sanoamuang and Savatenalinton

nafy 3. unoIe

Sanoamuang and Savatenalinton
(2001)

1.11 Lecane niwati Sanoamuang and Segers

NATIN 2.AUAIANEY

Sanoamuang and Segers (2001)

1.12 Brachionus riverinus Sanoamuang and Kotethip

19NN 2.508L80

Sanoamuang and Kotethip (2001)

1.13 Keratella sp.

WIlAzuas .U

Chittapun and Pholpunthin (2001)

2. amlalma

2.1 Alonella orientalis Sanoamuang and Kotethip

aqnmuuviamﬁgwm
.RNIUAT

Sanoamuang and Kotethip (2001)

3. lafinan

3.1 Phyllodiaptomus praedictus Dumont and Reddy

X
UaLAEan 2.n39NwY

Dumont and Reddy (1994)

3.2 Phyllodiaptomus christineae Dumont, Reddy, and
Sanoamuang

J9U8TNA 2.UWATRITIA

Dumont, Reddy, and Sanoamuang
(1996)

3.3 Eodiaptomus sanoamuangae Reddy and Dumont

ARDITIINWI D UDWILAY

Reddy and Dumont (1998)

3.4 Mongolodiaptomus rarus (Reddy, Sanoamuang, and 1aT1A31 Reddy, Sanoamuang, and Dumont
Dumont) LARAILIND (1998)
3.5 Eodiaptomus phuphanensis Sanoamuang aqﬂmulm\‘i’manuwm Sanoamuang (2001a)
AFNAUAT

3.6 Phyllodiaptomus surinensis Sanoamuang and Yindee

ARBIFINN A.FIUNT

Sanoamuang and Yindee (2001)

3.7 Mongolodiaptomus dumonti Sanoamuang

s T
FUBURTIUITAN . UITNE

Sanoamuang (2001b)

3.8 Heliodiaptomus rangareddyi Sanoamuang and
Athibai

atha 2.903004

Sanoamuang and Athibai (2001)

3.9 Tropodiaptomus sp.

uAat lunala

NUNTTHUAZWIFRL (2542)

4 Tsvimevn

4.1 Streptocephalus sirindhornae Sanoamuang,
Murugan, Weekers, and Dumont

UatA 9. Wuedd)

Sanoamuang et al. (2000)

4.2 Branchinella thailandensis Sanoamuang, Saengphan,
and Murugan

ARDIT NN a.qwssmq?

Sanoamuang, Saengphan, and
Murugan (2001)

4.3 Streptocephalus siamensis Saengphan and
Sanoamuang

UathAI 3.MYInL3

Saengphan and Sanoamuang
(2001)
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Iséinas luedadnsmununedelsameifamanuludsanalngl3idss 80 &%& (Boonsom,
1984) WANIANINVBINZEOAT (2537), aroarTuaTAWMUNIE (2541, 2543), gAuSTing (2542), aulyn uaz
AtE (2542), 1317370 (2544), Segers and Sanoamuang (1994), Sanoamuang et al. (1995), Sanoamuang
(1996, 1998b), Sanoamuang and Segers (1997), Segers and Pholpunthin (1997), Chittapun et al. (1999),
Sanoamuang and Savatenalinton (1999, 2001) LLaz Chittapun and Pholpunthin (2001) MmNy
Lawefiduasiusnludsamalnoiniugn 247 &g Lﬂuwaslﬁﬁ;ngﬁ'uwﬂsﬁl,waﬂuﬂ‘i:mﬂvlmm’suﬂ%ﬁvu

327 &U3d @9e9N 2

3197 2. lsGmasinuludszmalng

FAMILY ASPLANCHNIDAE

Asplanchna brightwelli (Gosse, 1850)

A. priodonta Gosse, 1850

A. sieboldi (Leydig, 1854)

A. tropica Koste and Tobias, 1987

Asplachnopus hyalinus Harring, 1913

A. multiceps (Schrank, 1793)

FAMILY BRACHIONIDAE

Anuraeopsis coelata (De Beauchamp,
1932)

A. fissa (Gosse, 1851)

A. navicula (Rousselet, 1910)

Brachionus africanus Segers

B. angularis Gosse, 1851

B. angularis f. bidens Plate, 1886

B. angularis f.chelonis Ahlstrom, 1940

B. bennini (Leiszling, 1924)

B. bidentatus Anderson, 1889

B. bidentatus minor Koste and Shiel,
1980

B. budapestinensis Daday, 1885

B. calyciflorus Pallas, 1766

B. calyciflorus f. amphiceros Ehrenberg,
1838

B. caudatus f. aculeatus Hauer, 1937

B. caudatus f. personatus Ahlstrom, 1940

B. dichotomus Shephard f. reductus
Koste and Shiel, 1980

B. dimidiatus (Bryce, 1931)

B. diversicornis (Daday, 1883)

B. donneri Brehm, 1951

B. durgai Dhanapathi, 1974

B. falcatus Zacharias, 1898

B. forficula Wierzejski, 1891

B. kostei Shiel, 1983

B. lyratus Shephard, 1911

B. murphyi Sudzuki, 1989

B. plicatilis (Mller, 1786)

B. quadridentatus Hermann, 1783

B. quadridentatus f. brevispinus
Ehrenberg, 1832

B. quadridentatus f. cluniorbicularis
Skorikov, 1894

B. rotundiformis Tschugunoff, 1921

B. rubens Ehrenberg, 1838

B. sericus Rousselet, 1907

B. sessilis Varga, 1951

B. urceolaris (Muller, 1773)

B. variabilis (Hempel, 1896)

Keratella cochlearis (Gosse, 1951)

Keratella cochlearis f. micracantha
(Lauterborn, 1900)

K. edmondsoni (Nayar, 1965)

K. javana (Hauer, 1937)

K. lenzi Hauer, 1953

K. mixta (Oparina-Charitonuva, 1924)

K. procurva (Thorpe, 1891)

K. tecta (Gosse, 1851)

K. tropica (Apstein, 1907)

Keratella sp.

Plationus patulus (Mller, 1786)

Platyias quadricornis (Ehrenberg, 1832)

FAMILY COLURELLIDAE

Colurella adriatica Ehrenberg, 1831

C. colurus (Ehrenberg, 1830)

C. obtusa (Gosse, 1886)

C. sanoamuangae Chittapun, Pholpunthin
and Segers, 1999

C. sinistra Carlin, 1939

C. sulcata (Stenroos, 1898)

C. tesselata (Glascott, 1893)

C. uncinata (Muller) f. bicuspidata
(Ehrenberg, 1832)

Lepadella acuminata (Ehrenberg, 1834)

L. akrobeles Myers

L. amphitropis Harring, 1916

L. apsicora (Myers, 1934)

L. apsida Harring, 1916

L. benjamini Harring, 1916

L. bicornis Vasisht and Battish, 1971

L. biloba (Hauer, 1958)

L. costata Wulfert, 1940

L. costatoides Segers, 1992

L. cristata (Rousselet, 1893)

L. dactyliseta Stenroos, 1898

L. discoidea Segers, 1993

L. ehrenbergi (Perty, 1890)

L. elliptica Wulfert, 1939

L. elongata Koste, 1991

L. eurysterna Myers

L. heterostyla (Murray, 1913)

L. latusinus (Hilgendorf, 1899)

L. lindaui Koste, 1981

L. minoruoides Koste and Robertson,
1983

L. minuta (Montet, 1918)

L. monodactyla Berzins, 1960

L. ovalis (Mller, 1786)

L. patella (Miller, 1786)

L. quadricarinata (Stenroos, 1898)

L. quinquecostata (Lucks, 1912)

L. rhomboides (Gosse, 1886)

L. triba Myers, 1934

L. triptera (Ehrenberg, 1830)

L. triptera f. alata Myers, 1934

L. vandenbrandei Gillard, 1952

Squatinella lamellaris (Miller) f. mutica
(Ehrenberg, 1832)

S. leydigii (Zacharias, 1886)

FAMILY DICRANOPHORIDAE

Aspelta circinator (Gosse, 1886)

Dicranophorus caudatus (Ehrenberg,
1834)

D. claviger (Hauer, 1965)

D. corystis Harring and Myers, 1928

D. cf. epicharis Harring and Myers, 1928

D.grandis (Ehrenberg, 1832)

D. prionacis Harring and Myers, 1928

FAMILY EPIPHANIDAE

Cyrtonia tuba Ehrenberg, 1834

Epiphanes clavulata (Ehrenberg, 1832)

E. macrourus (Barrois and Daday, 1894)
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39N 2. (de) lsdasnnuludsznalne

FAMILY EPIPHANIDAE (cont.)
Proalides subtilis (Rodewald, 1940)
P. tentaculatus De Beauchamp, 1907
FAMILY EUCHLANIDAE
Dipleuchanis propatula (Gosse, 1886)
Euchlanis dilatata Ehrenberg, 1832
E. incisa Carlin, 1939
E. lyra Hudson f. myersi Kutikova, 1959
E. meneta Myers, 1930
E. triquetra Ehrenberg, 1838
Manfredium eudactylotum (Gosse, 1886)
Tripleuchanis plicata (Levander, 1894)
FAMILY GASTROPODIDAE
Ascomorpha ecaudis (Perty, 1850)
A. ovalis (Bergendal, 1892)
A. saltans Bartsch, 1870
Gastropus hyptopus (Ehrenberg, 1838)
FAMILY ITURIDAE
Itura aurita (Ehrenberg, 1830)
I. symmetrica Segers, Mbogo and
Dumont, 1994

FAMILY LECANIDAE
Lecane abanica Segers, 1994

. acanthinula (Hauer, 1938)

. aculeata (Jakubski, 1912)

. aeganea Harring, 1914

L

L

L

L. arcuata (Bryce, 1891)
L. arcula Harring, 1914
L. aspasia Myers, 1917

L. baimaii Sanoamuang and
Savatenalinton, 1999

batillifer (Murray, 1913)

bifurca (Bryce, 1892)

blachei Berzin§, 1973

braumi Koste, 1988

bulla (Gosse, 1851)

calcaria Harring and Myers, 1926
chinesensis Zhuge and Koste, 1996
clara (Bryce, 1892)

closterocerca (Schmarda, 1859)

crepida Harring, 1914

[

curvicornis (Murray, 1913)

L. curvicornis f. nitida (Murray, 1941)
L. decipiens (Murray, 1913)
L. donneri Chengalath and Mulamoottil,
1974

. doryssa Harring, 1914

. elegans Harring, 1914

. enowi Segers and Mertens

. eswari Dhanapathi, 1976

. flexilis (Gosse, 1886)

. furcata (Murray, 1913)

. grandis (Murray, 1913)

L

L

L

L

L

L

L

L. haliclysta Harring and Myers, 1926

L. hamata (Stokes, 1896)

L. hastata (Murray, 1913)

L. hornemanni (Ehrenberg, 1834)

L. inermis (Bryce, 1892)

L. inopinata Harring and Myers, 1926

L. intrasinuata (Olofsson, 1917)

L. isanensis Sanoamuang and
Savatenalinton, 2001

L. junki, Koste, 1975

L. lateralis Sharma, 1978

L. leontina (Turner, 1892)

L. ludwigii (Eckstein, 1883)

L. luna (Mller, 1776)

L. lunaris (Ehrenberg, 1832)

L. minuta Segers, 1994

L. mitis Harring and Myers, 1926

L. monostyla (Daday, 1897)

L. nana (Murray, 1913)

L. niwati Sanoamuang and Segers, 2001

L. obtusa (Murray, 1913)

L. palinacis Harring and Myers, 1926

L. papuana (Murray, 1913)

L. pertica Harring and Myers, 1926

L. punctata (Murray, 1913)

L. pusilla Harring, 1914

L. pyriformis (Daday, 1905)

L. quadridentata (Ehrenberg, 1832)

L. rhenana Hauer, 1919

L. rhytida Harring and Myers, 1926

L. robertsonae Segers, 1993

. ruttneri Hauer, 1938

. segersi Sanoamuang, 1996

. Serrata (Hauer, 1933)

. shieli Segers and Sanoamuang, 1994

. signifera (Jennings, 1896)

L

L

L

L

L

L. simonneae Segers, 1993
L. sola Hauer, 1936

L. stenroosi (Meissner, 1908)
L. stichaea Harring, 1913
L. superaculeata Sanoamuang and
Segers, 1997

sympoda Hauer, 1929
syngenes (Hauer, 1938)

tabida Harring, 1926

tenuiseta Harring, 1914

thalera (Harring and Myers, 1926)

[

thailandensis Segers and
Sanoamuang, 1994
thienemanni (Hauer, 1938)
undulata Hauer, 1938
unguitata (Fadeev, 1925)

-

. ungulata (Gosse, 1887)

FAMILY MYTILINIDAE

Lophocharis naias Wulfert, 1942

L. salpina (Ehrenberg, 1834)

Muytilina acanthophora Hauer, 1938

M. bisulcata (Lucks, 1850)

M. compressa (Gosse, 1851)

M. unguipes (Lucks, 1912)

M. ventralis (Ehrenberg, 1832)

FAMILY NOTOMMATIDAE

Cephalodella forficula(Ehrenberg,1832)

C. gibba (Ehrenberg, 1832)

C. cf. hyalina Myers, 1924

C. innesi Myers, 1924

C. mucronata Myers, 1924

C. cf. pachyodon Wulfert, 1937

C. songkhlaensis Segers and
Pholpunthin, 1997

C. tenuior Gosse, 1886

C. ventripes Dixon-Nuttall, 1901
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39N 2. (de) lsdasnnuludsznalne

FAMILY NOTOMMATIDAE (cont.)

Eosphora cf. thoides Wulfert, 1935

Monommata actices Myers, 1930

M. caudata Myers, 1930

M. dentata Wulfert, 1940

M. grandis Tessin, 1890

M. longiseta (Miller, 1786)

M. maculata Harring and Myers, 1924

Notommata copeus Ehrenberg, 1834

N. pachyura (Gosse, 1886)

N. pseudocerberus De Beauchamp,
1908

N. pygmaea Harring and Myers, 1922

N. saccigera Ehrenberg, 1832

Taphrocampa annulosa Gosse, 1851

Tetrasiphon hydrocora Ehrenberg, 1840

FAMILY SCARIDIIDAE

Scaridium bostjani Daems and Dumont,
1974

S. elegans Segers and De Meester,
1994

S. longicaudum (Miller, 1786)

S. grandis Segers, 1995

FAMILY SYNCHAETIDAE

Ploesoma hudsoni (Imhof, 1891)

P. lenticulare Herrick, 1885

Polyarthra longiremis (Carlin, 1943)

P. major Burckhardt, 1900

P. vulgaris Carlin, 1943

Synchaeta longipes Ehrenberg, 1887

S. pectinata Ehrenberg, 1832

S. stylata Wierzejski, 1893

FAMILY TRICHOCERCIDAE

Trichocerca abilio Segers, 1993

T. agnatha Wulfert, 1939

T. bicristata (Gosse, 1887)

T. bidens (Lucks, 1912)

T. braziliensis (Murray, 1913)

T. capucina Wierzejski and Zacharias,
1893

Pompholyx complanata Gosse, 1851

Testudinella ahlstromi Hauer, 1956

T. amphora Hauer, 1938

T. brevicaudata Yamamoto, 1951

T. emarginula (Stenroos, 1898)

T. greeni Koste, 1981

T. cf. insuata Hauer, 1937

FAMILY TRICHOCERCIDAE (cont.)

T. chattoni (De Beauchamp, 1907)

T. collaris (Rousselet, 1896)

T. cylindrica (Imhof, 1891)

T. elongata Gosse, 1886

T. euodonta Hauer, 1938

T. flagellata Hauer, 1937

T. hollaerti De Smet, 1990

T. inermis (Linder, 1904)

T. insignis (Herrick, 1885)

T. insulana (Hauer, 1938)

T. jenningsi Voigt, 1957

T. longiseta (Schrank, 1802)

T. montana Hauer, 1956

T. orca (Harring, 1913)

T. porcellus (Gosse, 1886)

T. pusilla (Lauterborn, 1898)

T. relicta Donner, 1950

T. rosea (Stenroos, 1898)

T. rousseleti (Voigt, 1902)

T. ruttneri Donner, 1953

T. scipio Gosse, 1886

T. siamensis Segers and Pholpunthin,
1997

T. similis (Wierzejski, 1893)

T. simonei De Smet, 1989

T. stylata (Gosse, 1851)

T. tenuidens (Hauer, 1931)

T. tenuior (Gosse, 1886)

T. tigris (Muller, 1786)

T. tropis Hauer, 1938

T. vernalis (Hauer, 1936)

T. weberi (Jennings, 1903)

FAMILY TRICHOTRIIDAE

Macrochaetus collinsi (Gosse, 1867)

M. danneeli Koste and Shiel, 1983

M. longipes Myers, 1934

M. sericus (Thorpe, 1893)

M. subquadratus (Perty, 1850)

Trichotria tetractis (Ehrenberg, 1830)

Wolga spinifera Western, 1894

T. mucronata (Gosse, 1886)

T. parva (Ternetz, 1892)

T. patina (Hermann, 1783)

T. patina f. intermedia (Anderson, 1889)

T. tridentata Smimov, 1931

T. walkeri Koste and Shiel, 1980

FAMILY CONOCHILIDAE

Conochilus coenobasis (Skorikov, 1914)

C. dossuarius (Hudson, 1885)

C. hippocrepis (Schrank, 1803)

C. natans (Seligo)

FAMILY FILINIIDAE

Filinia camasecla Myers, 1938

F. longiseta (Ehrenberg, 1834)

F. novaezealandiae Shiel and
Sanoamuang, 1993

F. opoliensis (Zacharias, 1898)

F. saltator (Gosse, 1886)

FAMILY FLOSCULARIIDAE

Beauchampia crucigera (Dutrochet,
1812)

Floscularia conifera (Hudson, 1886)

F. decora Edmondson, 1940

F. melicerta Ehrenberg, 1832

F. ringens Linne, 1758

Lacinularia sp.

Limnias ceratophylli Schrank, 1803

L. melicerta Weisse, 1848

Ptygyra brachiata (Hudson, 1886)

P. elsteri f. thailandensis (Koste, 1975)

P. furcillata (Kellicott, 1889)

P. furcillata f. variabilis (Koste, 1975)

P. mucicola (Kellicott, 1889)

P. tacita Edmondson, 1970

Sinantherina areprepes Edmondson,
1939

S. semibullata (Thorpe, 1889)

S. socialis (Linne, 1758)

S. spinosa (Thorpe, 1893)

FAMILY HEXARTHRIDAE

Hexarthra fennica (Levander, 1892)

H. intermedia Wiszniewski, 1929

H. mira (Hudson, 1871)

H. oxyuris (Semov, 1903)

Trochosphaera equatorialis (Semper,
1872)

FAMILY ATROCHIDAE

Cupelopagis vorax (Leidy, 1857)

FAMILY COLLOTHECIDAE

Collotheca campanulata (Dobie, 1849)

C. edentata (Collins, 1872)

C. tenuilobata (Anderson, 1889)
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HAMTISUUBIRZ00ASUASANAIINGY (2541, 2543) 49ANHIANWAINTAALENITUNINIZANEVD
IiﬁLWaﬂuLL%daﬁwﬁmmaaa‘i’am"’@@m6] Tumaazinaanidoanita $1uwan 140 undetia 50 420 A20819 52w
\iaunnedmow 2540 fanangnay 2543 lasudazunsainifudetng 3 ﬂ%mwquﬂwa wulstinadsaunadu
270 add ludrwnidulstesafialvdveslan 2 #l8d uszpfiefinuduasiwsnludsanelngsimwon
41 f13« aqaﬁﬁam%nmnﬁq@"kﬁm Lecane (66 &%) Jadadunfa Trichocerca (35 &13), Lepadella
(305%), uaz Brachionus (24 &%) ahulmﬂsﬁl,was‘ﬁwmﬂwﬁﬁ@ﬁuwim:maagwuﬁiamm:wuﬁﬂﬂlum@
touvasdnlanaziusen (Eastern hemisphere species) (m131971 3) emaghelsiasinution (common
species) LLﬂzLLWiﬂixﬁ]’lUE]gJJ'YIVI’J‘].]i:L“nﬂvLﬁLLﬁvaﬂ%W]i’ldﬁ 4 wennnigsnundriefinuiamslusanelng
L5 (endemic to Thailand) 1w 7 aildd ﬁ“ﬁﬁ@ﬁwumﬁﬁag’Lam:’l,uwmaL’Tim:fuaanLﬁmlﬁl,m:ml,%ﬂ
1¢ (endemic to Southeast and South Asia) 31WI% 6 DT LLR:?ﬁ@ﬁ@ﬂﬁﬂﬂQluLm@LaL%ﬂLLa:aaﬁLﬂiLﬁﬂ
(endemic to Australasia) shadwin 7 slds (@139 5) Fowsasihlsameslwaiafuasinaandoldd

ANNFNAUTINaTanUUTI M aTeuzadalulduazoaraTiie

517 3. sdwasludszmealnansaduastianwuludnlanazuesn (Eastern hemisphere species)

Asplanchna tropica Koste and Tobias,

1987 L. eswari Dhanapathi, 1975

Lecane braumi Koste, 1988 Lepadella discoidea Segers, 1993
L. vandenbrandei Gillard, 1952
Brachionus africanus Segers, 1994 . lateralis Sharma, 1978

B. diversicomnis (Daday, 1883)

L Scaridium grande Segers, 1995

L. serrata (Hauer, 1933) Testudinella brevicaudata Yamamoto, 1951
B. forficula Wierzejski, 1891 L. simonneae Segers, 1993 T. greeni Koste, 1981

L

Keratella javana Hauer, 1981 . unguitata (Fadeev, 1925) Trichocerca tropis Hauer, 1938
K. javana Hauer, 1937

Lecane baimaii Sanoamuang and

Savatenalinton, 1999

39N 4. IsdiwasAwuties (common species) ludszinalng

Anuraeopsis fissa (Gosse, 1851) Filinia novaezealandiae Shiel and Lecane bulla (Gosse, 1886)

Brachionus angularis Gosse, 1851 Sanoamuang, 1993 L. papuana (Murray, 1913)
B. calyciflorus Pallas, 1766
B. falcatus Zacharias, 1898

B. forficula Wierzejski, 1891

F. opoliensis (Zacharias, 1898) Plationus patulus (Muller, 1786)
Keratella cochlearis (Gosse, 1951)

K. tropica (Apstein, 1907)

Polyarthra vulgaris Carlin, 1943
Trichocerca similis (Wierzejski, 1893)

Filinia longiseta (Ehrenberg, 1834)

TN 5. lswasuszirduueslsandlng

sfadszdriuveding

(endemic to Thailand)

a o a a o a %
'ﬂu@ﬂi:mnwﬂauaLmﬂﬂmuaamamlm
uaztaifoled (endemic to S. and SE Asia)

FialsziniuvesaaaaT el

(endemic to Australasia)

Brachionus riverus Sanoamuang and
Kotethip, 2001

Lecane isanensis Sanoamuang and
Savatenalinton, 2001

L. junki Koste, 1975

L. niwati Segers and Sanoamuang,
2001

L. segersi Sanoamuang, 1996

L. shieli Segers and Sanoamuang,
1994

L. superaculeata Sanoamuang and
Segers, 1997

Brachionus murphyi Sudzuki, 1989

Keratella edmondsoni Ahlstromi, 1943

Lecane acanthinula (Hauer, 1938)

L. blachei Berzins, 1973

L. chinesensis Zhuge and Koste, 1996

L. thailandensis Segers and Sanoamuang,
1994

Brachionus dichotomus f. reductus
Koste and Shiel, 1980

B. kostei Shiel, 1983

B. lyratus Shephard, 1911

Lecane batillifer (Murray, 1913)

Macrochaetus danneeli Koste and
Shiel, 1983

Testudinella walkeri Koste and Shiel,
1980

Trichocerca orca (Murray, 1913)
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UsznelneldusaslSaoedasmng  * uaﬂmﬂf:s_l”awuaqaﬁmm”iswmmdwmﬁmayj’mwwﬂuﬂ’iﬂam%mlﬁ
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2541

W@anunTMANRITHINAL wamiﬁnmwudwq@ﬁd Wuwnasisrrumandaailaimanunainnansann
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{3 ﬁ’llﬁ'ﬂtﬂﬂﬁuﬁi'}Elx‘i'luﬂ’li‘W‘]Jﬂﬂﬁi@L‘ﬁaiﬂuﬂi:mﬂvLﬂUiim“ﬂ%é‘t«k 78 &84 (a9 6) Fewnnilu
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79N 6. amlavsafiwuludszinalng

FAMILY BOSMINIDAE

*Bosmina meridionalis Sars, 1903

*Bosminopsis deitersi Richard, 1897

FAMILY CHYDORIDAE

Acroperus harpae (Baird, 1834)

Alona affinis (Leydig, 1860)

A. archeri Sars, 1888

A. cambouei Guerne and Richard, 1893

A. costata Sars, 1862

A. diaphana King, 1853

A. guttata Sars, 1862

A. intermedia Sars

A. karua (King, 1853)

A. macronyx Daday, 1898

A. milleri Kiser, 1948

A. monacantha tridentata Sars, 1901

A. pulchella King, 1853

A. quandranularis (Muller, 1785)

A. rectangula Sars, 1862

A. verrucosa pseudoverrucosa Smirnov,
1974

A. verrucosa verrucosa Sars, 1901

Alonella clathratula Sars, 1896

A. excisa (Fischer, 1854)

A. nana (Baird, 1850)

A. orientalis Sanoamuang and Kotethip,
2001

Camptocercus australis Sars, 1896

C. rectirostris Schoedler, 1862

C. uncinatus Smirnov, 1971

FAMILY CHYDORIDAE (cont.)
*Chydorus eurynotus Sars, 1901

C. obscurirostris Frey, 1987

C. parvus Daday, 1898

C. sinensis Frey, 1987

C. ventricosus Daday, 1898

Dadaya macrops (Daday, 1898)
Disparalona hamata (Birge, 1879)

D. caudata Smirnov, 1996

Dunhevedia crassa King, 1853

D. serrata Daday, 1898
Ephemeroporus barroisi (Richard, 1894)
Euryalona orientalis (Daday, 1898)
Graptoleberis testudinaria (Fischer, 1851)
Kurzia longirostris (Daday, 1898)
Leydigia acanthocercoides (Fischer, 1854)
L. ciliata Gauthier, 1939

L. laevis Gurney, 1927

Leydigiopsis Sars, 1901

Nicsmirnovius eximia (Kiser, 1948)
Notoalona globulosa (Daday, 1898)
Oxyurella singalensis (Daday, 1898)
Picripleuroxus laevis Sars, 1862

C. pubescens Sars, 1901

C. reticulatus Daday, 1898

FAMILY DAPHNIIDAE

*Ceriodaphnia cornuta Sars, 1885
Daphnia lumholtzi Sars, 1885
Scapholeberis kingi Sars, 1903
Simocephalus exspinosus (Koch, 1941)

FAMILY DAPHNIIDAE (cont.)

S. mesorostris Orlova-Bienkowskaja, 1995
S. serrulatus (Koch, 1841)

S. vetulus (Muller, 1776)

FAMILY ILYOCRYPTIDAE
llyocryptus spinifer Herrick, 1882
FAMILY MACROTHRICIDAE
Grimaldina brazzai Richard, 1892
Guemnella raphaelis Richard, 1892
Macrothrix flabelligera Smirnov, 1992
M. laticornis (Fischer, 1851)

M. malaysiensis Idris and Fernando, 1981
M. odiosa Gurney, 1916

M. paulensis (Sars, 1900)

M. sioli (Smirnov, 1982)

M. spinosa King, 1853

M. triserialis Brady, 1886

Streblocerus pygmaeus Sars, 1901
FAMILY MOINIDAE

*Moina micrura Kurz, 1874
Moinodaphnia macleayi (King, 1853)
FAMILY SIDIDAE

*Diaphanosoma excisum Sars, 1885
D. sarsi Richard, 1894

D. volzi Stingelin, 1905

Latonopsis australis Sars, 1888
Pseudosida bidentata Herrick, 1884
P. ramosa Daday, 1904

Sida crystallina Muller, 1776
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laAinaa LLwaaﬁ@auﬁmfmjuf‘:uﬂoLﬁu 2 ng
leur anauaud (Calanoid copepods) uazlslaawass
(Cyclopoid copepods) msansaNuraInTiauadlan
woaludsznalngdudouddne. 2537 mnmsfnswes
=003 (2537), RUNTIO UASWIAR (2542), 332 (2544),
Dumont et al. (1996), Pholpunthin (1997), Sanoamuang
(1999, 2001a, 2001b, 2001c), Reddy et al. (1998),
Sanoamuang and Athibai (2001), ez Sanoamuang and
Yindee (2001) Flsinulafiwaangumauens 26 adfd
(@R 7) uaengulalaawend 20 ad3d (@77 8)
71w 45 803« Gadiy Boonsom (1984) Muwitwulan
waanguanauase 5 alEd uszngulolaawand 9 &l
3§ TaAinaafinudulny dusfiedinsuwsnszneey
wnelwaldoaziueanidedld waziadald wulw
Usndlnewieos 7 siewinis 6un  Eodiaptomus
phuphanensis, Heliodiaptomus rangaredadyi,
Mongolodiaptomus dumonti, M. rarus, Phyllodiaptomus

christineae, P. praedictus, W8s P. surinensis dmsulan

Y

24

25

il 1125, madealameniwuludszindlng,
11) Bosmina meridionalis Sars; 12-14) Chydorus sinensis
Frey; 15-17) Dunhevedia serrata Daday; 18-20) Guernella
raphaelis Richard; 21-25) Macrothrix flabelligera Smirnov

(ﬁm: Sanoamuang, 1998)

waasianwuleslulsamalngldusasidueTasvany * luansan 7 uas 8

a7ef 7. lainaanguanauand (Calanoid copepods) iwululszinelny

FAMILY ACARTIIDAE

Acatrtiella sinensis Shen and Lee, 1963
FAMILY CENTROPAGIDAE

Sinocalanus laevidactylus Shen and Tai, 1964
FAMILY DIAPTOMIDAE

Allodiaptomus raoi Kiefer, 1936
Dentodiaptomus javanus (Grochmalicki, 1915)
Eodiaptomus draconisignivomi Brehm, 1952
E. phuphanensis Sanoamuang, 2001

E. sanoamuangae Reddy and Dumont, 1998
Heliodiaptomus elegans Kiefer, 1935

H. rangareddyi Sanoamuang and Athibai, 2001
H. viduus (Gurney, 1916)
*Mongolodiaptomus botulifer (Kiefer, 1974)
*M. calcarus (Shen and Tai, 1965)

M. dumonti Sanoamuang, 2001

FAMILY DIAPTOMIDAE (cont.)

M. malaindosinensis (Lai and Fernando, 1978)

M. rarus (Reddy, Sanoamuang and Dumont, 1998)
M. uenoi (Kikuchi, 1936)

Neodiaptomus blachei Brehm, 1933

*N. yangtsekiangensis Mashiko, 1951

N. laii Kiefer, 1974

Phyllodiaptomus christineae Dumont, Reddy and Sanoamuang
1996

*P. praedictus Dumont and Reddy, 1994

P. surinensis Sanoamuang and Yindee, 2001
Tropodiaptomus oryzanus Kiefer, 1937

T. vicinus Kiefer,1930 .
Tropodiaptomus sp. WUNWIIDh LazWIAaY (2542)
FAMILY PSEUDODIAPTOMIDAE

Schmackeria sp.

a1 8. laAinaandwlslaawasd (Cyclopoid copepods) Ainuludszinelny

FAMILY CYCLOPIDAE

SUBFAMILY CYCLOPINAE
Apocyclops sp.

Cryptocyclops bicolor Sars, 1963
Mesocyclops aspericornis (Daday, 1906)
M. ferjemurami Holynska and Nam, 2000
M. splendidus Lindberg, 1943

*M. thermocyclopoides (Harada, 1931)
Mesocyclops sp.

Metacyclops sp.

*Microcyclops varicans Sars, 1918

*Thermocyclops crassus (Fischer, 1853)
T. decipiens (Kiefer, 1929)

T. oblongatus (Sars, 1927)

T. taihokuensis (Harada, 1931)
Thermocyclops sp.

SUBFAMILY EURYCYCLOPINAE
Eucyclops serrulatus (Fischer, 1851)
Ectocyclops phaleratus (Koch, 1930)
E. rubescens Brady, 1904
Macrocyclops sp.

Paracyclops fimbriatus (Fischer)
Tropocyclops prasinus (Fischer, 1860)
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a ﬂi:mﬁvlmﬂ LRAINYUAZLDUAUDIRUINAN T LLAS
maﬂanﬁ'wﬂuﬂ?mﬂ"lmu 26-27) Isﬁ Wuluwdszine ing LLRONIURNELD AV } U
~ ’ o i o N 5 UBINAN, 45-54) Eodiaptomus
I3 PWNANT USLUIN 5 VBIWAN, 34-40) G o
a3, Colurella sanoamuangae U Y U . .
’ phuphanensis Sanoamuang; 55-59)
. . Eodiptomus sanoamuangae Reddy and
Chittapun, Pholpunthin and Segers; 28- " . .
" Phyllodiaptomus surinensis Sanoamuang and
o ) Dumont; 41-44) Mongolodiaptomus rarus .
33) ANNaa, Phyllodiaptomus ] Yindee (ﬁm- Sanoamuan 2001a;
(Reddy, Sanoamuang and Dumont) (Na": ' 9 ’

Reddy and Dumont, 1998; Reddy et al.,
1998)

christineae Dumont, Reddy and Sanoamuang and Yindee, 2001)

Sanoamuang mg}"ﬁ 5 Lm:%ma@jm
vaawe] (fian: Chittapun et al., 1999;
Dumont et al., 1996)

Ifmenh  swdsuifsanuanunanaiiavaslsimaihludsandlnesudednea. 2541 Tag
AMZIY (Azaad3, 2541n, 25419; AzoaAT WazAE, 2543; UTtyan, 2544; gAnTol, 2544; gWRAT, 2544;
Sanoamuang et al., 2000, 2001b; Saengphan and Sanoamuang, 2001) "l@‘fﬁwsmvlﬁﬁwmwﬁﬁmnmeﬁﬁ@“ﬁ"ﬂ
Uazinalng szwiadlaununwug 2542 fsfamian 2543 wu'lsimnsrhafialnddiwan 3 ofia ldun 1) e
W F5UEY (Streptocephalus sirindhornae Sanoamuang et al., 2000) @3 }&"9LAd 817 1.5-3.0 LTUALNAT
urfiafinuunsnaoniisiedn wulude eses uwszwndn lwae 38 sawde ldun 2euuin 93l
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UATIITRNY YNAWIT UATHUY ANAUAT HUBINNY 1ap Tyl Analan Adas glavi ann §1uh gasdad
s (Bpams vhw gwsTosys many Ny awy3 sazy iwesys Towm griondl wazdizaudidus 2) 1y
e lng (Branchinella thailandensis Sanoamuang, Saengphan and Murugan) FRFILAINEATIA
817 1.7-3.9 iwudwas wulwaa 11 3ania ldun vauuniu amansay Jesida wammadan Tund awys
TOWMN MYanY3 NTYT FWITHYT Uazgriumil 3) Isvihunswinaeny (Streptocephalus siamensis Saengphan
and Sanoamuang) aals WiaANNBaH WIIFLAY 812 1.1-2.0 LIRS @T’;Lﬁﬁﬁ"lﬂiLﬂugﬂmwmﬁﬂmﬁmﬂﬂﬁ@
(tetrahedral eggs) \duzfiafimannann ﬂ%ﬁ;u”uwuﬁé'mi'@qmimﬁ u,a:mzyauq?wmfu Isihwnewhrisana
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Abstract: Biodiversity of Benthic Diatoms and Macroalgaein Mae Sa Stream,
Doi Suthep-Pui National Park, Chiang Mai

The biodiversity of benthic diatoms and macroalgae was investigated in Mae Sa stream, Doi Suthep-
Pui national park, Chiang Mai province from April 1997 to March 2000. The most diverse group of
organisms were benthic diatoms; 244 species were encoutered. Sixty six species of these had never been
recorded in Thailand before. A total of 75 species of macroalgae were found and eighteen of these were
new records for Thailand. The prominent benthic diatoms were in the Order Pebamplddvicula
spp., Nitzschia spp., Fragilaria spp. and Gomphonema spp. The macroalgae wer@ladophora
glomerata Kuitzing andSpirogyra spp. in the Division Chlorophyta. The organisms which could be used
as indicators the quality of water were the red macroalgae suBhtraEhospermum macrosporum
Montague, Batrachospermum vugum Agardh and Nemalionopsis shawii Skuja. They indicate
oligotrophic status. In addition, these three red macroalgal species were new records for Thailand.
Benthic diatoms that indicated eutrophication and high organic pollution®gnphonema parvulum
(Kutzing) Grunow andNitzschia palea (Kutzing) W. Smith.

Key words: Mae Sa stream, benthic algae, diatom, benthic diatom, macroalgae, eutrophication
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laazaouiuiasinfivsvanininlifuans uasdusunmasslulasiandn Iaun Achnanthes
minutissima Kitzing ganadddnlinunudenisifouudssvesamunuiagon fis Cocconeis placentula
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ﬁ’mﬂq}lm%i’m“ﬂu’mlmyj“ﬁﬁm@iu (mwﬁ 5) l6ur Cladophora glomerata Kiitzing Waz Spirogyra spp. 1t
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NANAMINLFUAI T4 Rhodophyta 6un Batrachospermum macrosporum Montague, Batrachospermum vugum
Agardh Uz Nemalionopsis shawii Skuja a:ﬂduanqmmwﬁ’lﬁua:ﬁmsmmsﬁau @"aa:wuvl@ﬂm;mﬁm”'mmaﬁ 1

81U Compsopogon coeruleus (Balbis) Montague aziiuangasnwinthunats swiuduesns 4 sheiuiu
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n’]W'ﬁl 3. “mm'w?m,m (Division Rhodophyta) Gluﬁ’]f:’]
uiE gnenuuiTAaoagnn-iy aiaigeslne (1-3
mwﬁmlﬁnﬁaaqamsaﬁ, 4-6 mwdwmnamwﬁ'ﬁa)
1,4- Batrachospermum macrosporum Montague, 2,5-
Nemalionopsis

shawii Skuja, 3,6- Compsopogon

coeruleus (Balbis) Montague &ina = 100 ym.

DIVISION BACILLARIOPHYTA
Order Centrales
Family Thalassiosiraceae
Cyclotella stelligera Cleve & Grunow
Thalassiosira weissflogii (Grunow) Fryxell & Hasle
Family Hemidiscaceae
Actinocyclus normanii (Gregory) Hustedt
Order Pennales
Family Fragilariaceae
Diatoma ehrenbergii Kitzing
Diatoma moniliformis Kitzing
Diatoma wulgaris Bory
Fragilaria biceps (Kltzing) Lange-Bertalot
Fragilaria bidens Heiberg
Fragilaria dliptica Schumann
Fragilaria lanceolata (Kutzing) Reichardt
Fragilaria ulna var. ulna (Nitzsch) Lange-Bertalot
Family Eunotiaceae
Eunoctia bilunaris (Ehrenberg) Mill varbilunaris
Eunotia minor (Kitzing) Grunow
Family Achnanthaceae
Achnanthes chlidanos Hohn & Hellermann
Achnanthes exigua Grunow varexigua
Achnanthes helvetica (Hustedt) Lange-Bertalot
Achnanthes lanceolata var. frequentissima Lange-Bertalot
Achnanthes lanceolata var. haynal dii
(Schaarschmidt) Cleve
Achnanthes undata Meister
Cocconeis placentula var. pseudolineata Geitler
Family Naviculaceae
Amphora coffeaeformis (Agardh) Kutzing
Amphora dusenii Brun
Amphora libyca Ehrenberg
Caloneis lauta Carter & Bailey-Watts
Calonessilicula (Ehrenberg) Cleve
Cymbella amphicephala Naegeli
Cymbella hustedtii Krasske
Cymbella silesiaca Bleisch
Cymbella sinuata Gregory
Cymbella turgidula Grunow

Cymbellopsis sp.
Frustulia weinholdii Hustedt
Gomphonema affine Kltzing
Gomphonema augur var. turris (Ehrenberg)
Lange-Bertalot
Gomphonema minutum (Agardh) Agardh
Gomphonema pumilum var. rigidum E. Reichardt
et Lange-Bertalot
Navicula cohnii (Hilse) Lange-Bertalot
Navicula concentrica Carter
Navicula cryptotenella Lange-Bertalot
Navicula elginensis (Gregory) Ralfs vadginensis
Navicula jaagii Meister
Navicula laevissima Kiitzing var. laevissima
Navicula mutica Kitzing var.mutica
Navicula subplacentula Hustedt
Navicula trivialis Lange-Bertalot
Neidium ampliatum (Ehrenberg) Krammer
Pinnularia rupestris Hantzsch
Pinnularia viridiformis Krammer
Sdllaphora pupula (Kiitzing) Mereschkowsky
Sauroneis producta Grunow
Stauroneis resoluta Moser
Family Epithemiaceae
Rhopalodia gibba (Ehrenberg) O. Miiller vagibba
Family Bacillariaceae
Hantzschia distinctepunctata (Hustedt) Hustedt
Nitzschia acula Hantzsch
Nitzschia angustatula Lange-Bertalot
Nitzschia bremensis Hustedt
Nitzschia brevissima Grunow
Nitzschia coar ctata Grunow
Nitzschia dubia W. Smith
Nitzschia fonticola Grunow
Nitzschia literalis Grunow
Nitzschia palustris Hustedt
Family Surirellaceae
Cymatopleura solea var. apiculata (W. Smith) Ralfs
Surirella bifrons Ehrenberg
Surirella spiraloides Hustedt
Surirella splendida (Ehrenberg) Kitzing
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DIVISION CYANOPHYTA
Order Oscillatoriales
Family Oscillatoriaceae
Lyngbya aeruginosa Gomont
Lyngbya retzii (Agardh)Gomont
Oscillatoria meslini Fremmy
Oscillatoria mucosa Geitler
Order Nostocales
Family Stigonemataceae
Nostochopsis lobatus (Dillw.)Wood
DIVISION CHLOROPHYTA
Order Chlorococcales
Family Palmellaceae
Palmella mucosa Kitzing
Order Tetrasporales
Family Tetrasporaceae
Tetraspora cylindrica C.A. Agardh
Family Gloeocystaceae
Gloeocystis ampla (Kutzing)Langerhium
Gloeocystis echinulata (J.E.) Smith
Gloeocystis longiarticulata G.S. West
Order Siphonocladales
Family Cladophoraceae
Cladophora albida Kutzing
Cladophora glomerata Kutzing
Cladophora fracta (Dillw) Kitzing
Cladophora lehmanniana Kitzing
Rhizoclonium crassipellitum West & West
Order Zygnematales

Family Zygnemataceae

Order Oedogoniales
Family Oedogoniaceae
Oedogonium inclusum Wittr
Oedogonium kjallmanii Prescott
Oedogonium rivulare A. Branum
Order Chaetophorles
Family Chaetophoraceae
Chaetophora sp.
Stigeoclonium flagelliferum Kutzing
Stigeoclonium lubricum (Dillw.) Kutzing
Stigeoclonium subsecundum Kitzing
Order Ulotrichales
Family Ulotrichiaceae
Ulothrix cylindricum Prescott
Family Microsporaceae
Microspora floccosa West & West
Microspora pachyderma (Wille) Lagerheim
DIVISION RHODOPHYTA
Order Nemalionales
Family Erythotrichaceae
Compsopogon coeruleus (Balbis) Montague
Family Batrachospermaceae
Batrachospermun macrosporum Montague
Batrachospermun vugum Agardh
Family Thoreaceae
Nemalionopsis shawii Skuja
DIVISTION XANTHOPHYTA
Order Vaucheriales
Family Vaucheriaceae

Vaucheria sp.

Mougeotia scalaris Hassall
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Abstract: Survey and Collection of Microalgal Strainsfrom Natural Sources

The diversity of microalgae from various natural sources was investigated. In phase I, a survey and
collection of microalgae from natural sources was completed with 348 samples collected, 151 of
which were taken from the surface of buildings, cement, stones and brick, while 72 samples were
from soil, 57 samples from water and 68 samples from lichens. The algae of these samples were
categorized into 5 divisions, 13 orders, 28 families, 72 genera and 93 species which can be specified
as follows: division Chlorophyta, 5 orders, 12 genera, 24 species; division Euglenophyta, 1 order, 1
genera, 2 species, division Cryptophyta, 1 order, 1 genera, 1 species, division Chrysophyta, 2 orders,
5 genera, 10 species and division Cyanophyta 4 orders, 9 genera, 35 species. In phase I1, the diversity
of microalgae from freshwater sources in the Bangkok metropolitan area and vicinity was
investigated. Three hundred freshwater samples were collected from 23 districts in 6 provinces. The
quality of these water samples was classified in accordance with the Surface Water Quality Standards
of Thailand, B.E. 2537, in the range, level 1 to level 3. Algae were distributed among 4 divisions, 16
orders, 38 families, 91 generaand 230 species. Algae in the division Chlorophyta comprised 8 orders,
18 families, 40 genera and 82 species; in division Chrysophyta, 3 orders, 10 families, 17 genera and
26 species; in division Cyanophyta, 4 orders, 9 families, 32 genera and 121 species and in division
Euglenophyta, 1 order, 1 family, 2 genera and 1 species. A total number of new records of 177 agal
species were reported from the 2 phases of this project. The isolated algal strains are preserved and an
algal database was constructed (Microsoft Access at BIOTEC and TISTR Culture Collection.

Key words: algae, survey, distribution
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A . A o o o, A a { o v
(genus) LAz 93 TUA (specie) (mww:wmmimﬂmuuﬂvl@) Faddtundrsranylaud Chlorophyta,

Euglenophyta, Cryptophyta, Chrysophyta W&z Cyanophyta ﬂvx‘imeium‘a"mﬁ 3

AN 3. MRIBNFITIAINY

faTn &y 294 ana afia*
Chlorophyta 5 12 24 14
Euglenophyta 1 1 2 -
Cryptophyta 1 1 -
Chrysophyta 2 10 -
Cyanophyta 4 35 79

Rty 13 28 72 93

WINBLAG: “LanEFNITNInd N ldanuniiFas 98

oRansanauunsifid1nands Wi areteamnnsanunssiiezianunainnansluszauassu
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unsfidsn AT fau 2194 ana afia

A0EINUA Chlorophyta 5 8 11 6

Chrysophyta 1 4 7 -

Cyanophyta 4 9 26 53

N3 10 21 44 59

A288190% Chlorophyta 4 5 6 -

Euglenophyta 1 1 -

Chrysophyta 3 5 -

Cyanophyta 4 9 23 36

U 4 10 18 35 36
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Euglenophyta 1 1 -

Cryptophyta 1 1 1 -
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W 5 12 22 51 41
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Cyanophyta 3 5** 6** 3**

W 2 4 6 7 4
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AT fau 1 ana Tha*
Chlorophyta 8 18 40 82
Chrysophyta 3 10 17 26
Cyanophyta 4 9 32 121
Euglenophyta 1 1 2 1
4 16 38 91 230

ANTBLAG: “LANENFINNTAINTN LL%ﬂvLGT

3197 7. Fnusiezassniendranuiduasiusnludssina

Inpannsesialuszesd 1 uas 2

Division FRANITIINY FRANITIINY

4 1 4,2

JeEN 1 PHIATIA
Chlorophyta 12 54
Chrysophyta - 12
Cyanophyta 49 49
Euglenophyta - 1
Rty 177 61 116

WBLAG: "duafiandslaidluniisie Algae in Thailand (OEPP,
1995) “iuriiafngslidlunisde Algae in Thailand (OEPP, 1995)

LLEI&SLHT] Ud?uﬂ?iﬁ?il%i:ﬂzﬁ 1

Division Chlorophyta
Order Volvocales
Family Chlamydomonadaceae
Chlamydomonas fenestrata®
C. gloeogama*
C. pertyi*
Haematococcus lacustris™?
Family Phagotaceae
Coccomonas orbicularis?
Order Tetrasporales
Family Gloeocystaceae
Gloeocystis gigas®
G. major?
Order Chlorococcales
Family Chlorococcaceae
Chlorococcum humicola?
C. infusionun?
Tetraedron arthrodesmifor me?
T. minutissimun?
Family Palmellaceae
Sphaerocystis schroeteri?
Family Oocystaceae
Ankistrodesmus ber nar dii?
A. densus’
A fusiformis®
Chlorella éllipsoidea™?
C. vulgaria™?
var. vulgaris**
Franceia javanica®
Kirchneriella contorta?
var. gracillima**
K. lunaris®

Quadrigula closteroides?

Q. subulosa?

Family Radiococcaceae
Coenocystis planctonica?
Radiococcus bavaricus®
R. planktonicus®

Family Micractiniaceae
Golenkinia paucispina?

G. radiata®

Golenkinopsis intergrum*

G. solitaria®

Family Dictyosphaeriaceae
Botryococcus cal car eus®
Dictyosphaerium granulatun?
Family Scenedesmaceae
Coelastrum astroideun?
var. astroideum**
var. negosum**

C. microsporum
var. microsporum**

C. morus®

C. reticulatun?

Dicellula planctonica?

Didymocystis bicellularis™?

D. planctonica?

Scenedesmus acuminatus
var. acuminatus

S acutus?

S arcuatus'

S armatus?

var. armatus**
var. bicaudatus**
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ATWAN 8. (da)

K. pinguis! S. bicaudatus®

Monoraphidium ar cuaturm? S lefevrii®

M. braunii? S. ovalternus®

M. caribeun? S. polymorphous®

M. circinale? S. praetervirus®

M. contortun? S. producto-capitatus®

M. dybowskii? S. quadrispina®

M. griffithii? S. serratus?

M. pusillun? S. spinosus®

Oocystis solitaria? S. spinulatus®

Tetrachlorella alternans’ Navicula agustata?
var. alternans** N. minima®

T. coronata® N. petersenii?

Tetradesmus cumbricus® Family Nitzschiaceae

Tetrastrum glabrum? Nitzschia radiosa?

Family Hydrodictyaceae
Pediastrum boryanum
var. boryanun**
var. brevicorne**
P. duplex
var. duplex**
var. gracillimumt*
P. simplex
var. simplext*
Order Ulotrichales
Family Microsporaceae
Microspora amoena’
Order Chaetophorales
Family Chaetophoraceae
Protococcus viridis?
Family Desmidiaceae
Closterium leibleinii
var. brevius**
Division Chrysophyta
Order Chromulinales
Family Chrysosphaeraceae
Chrysosphaera gallica®
Family Hydruraceae
Hydrurus foetidus®
Order Pennales
Family Achnanthaceae
Achnanthes conspicua’
A. exigua
var. heterovalva**
Family Fragilariaceae
Synedra fascicula?
S minuscula?
S ulna?
var. contracta**
Tabellaris fenestrata®
Family Naviculaceae
Gyrosigma obtusatun®
Synechocystis aquatilis?
Family Entophysalidaceae
Chlorogloea fritschii?
C. microcystoides™?
Order Chameosiphonales
Family Pleurocapsaceae
Myxosar cina bur mensis*?
M. spectabilis?
Order Oscillatoriales

Division Cyanophyta
Order Chroococcales
Family Chroococcaceae
Anacystis compacta®
Aphanocapsa biformis'?
A. delicatissima®
A. elachista?
A. koordersi?
A. montana®
A. pulchra?
A. roeseana®?
Aphanothece castagnei*?
A. microscopica’
Chroococcus cohaerens’
C. gomontii?
C. hansgirgi?
C. minor™?
C. pallidus?
Cyanodictyon reticulatur?
Gloeocapsa aeruginosa®
G. atrata®
G. calcarea®
G. compacta?
G. crepidinun?
G. decorticans
G. livida®
G. polyder matica®
Gloeothece pal ea?
G. samoensis®
var. major**

Merismopedia aeruginea?
Microcystis pul verea?
M. robusta™?
M. viridus
Synechococcus aeruginosus’
S cedrorun®
S elongatus*?
Phor midium africanum*
P. ambiguum®
P. angustissimum®2
P. calcicola?
P. cebense*
P. foveolarum®?
P. hieronymusii?
P. jenkelianum*?
P. luridum*

NenwmIIeelulasens BRT 2544
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ATNAN 8. (da)

Family Oscillatoriaceae
Arthrospira platensis*?
Lyngbya baculum®?

birgei*?

contorta?

cryptovaginata™?

gracilis'

lachneri®?

mesotricha®

por phyrosiphonis®

rivularianun?

shackletoni?
spiralist?

Microcol eus acutissimus*

M. subtor ulosus®

Oscillatoria amoena™?

O. amphigranulata®

O. annae™?

O. claricentrosa*

rrrrrrrrrrr

O. foreaui’
O. jasorvensis'?
O. limnetica®

var. acicularia**

O. limosa?

O. majuscula
O. obscura’
O. okeni?

O. pseudogeninate*

O. spiralis*

O. subtilissima®?
O. subuliformis®
0. willeit

P. pachyder maticum®
P. rotheanum*
P. rubroterricola®
Spirulina labyrinthiiformis*
S maxima?
S. subtilissima?
Symploca muralist
Order Nostocalea
Family Nostocaceae
Anabaenopsis circularis®
A. elenkinii?
Nostoc calcicola™?
N. coeruleun?
N. punctiforme
var. populorum**
Family Stigonemataceae
Hapal osiphon baronii?
Family Scytonemataceae
Plectonema dangear dii*?

P. gracillimum*?
P. hansgirgi®

P. notatun?

P. puleale?

Scytonema bohneri?

S. chiastun?

S. pseudohofmanni*

S. variunt
Division Euglenophyta
Order Euglenales
Family Euglenaceae
Euglena gaumei®

1 a do ]
ANELAG. ’ﬁuﬂ‘ﬂmsnwﬂmw:w1

2~ A | i N | p
TUANFITIIWL L Izeizh 2 MUNUTNFITIINULUITEEN 2

amaNlAUvlIENTIRIEIIIENAT g3 lwanelszine

AuaudAvdizmavasmmiefdmmawusanaaiaidnonuludiiszing (Paimer and Square

1977) adusadluanaef 9 lasaziuiaseunguiiissuidiusassmiefidmanulundnmaiafiigm 83d

saununsweinaludsunalnadasrinmsansiuidy i'smﬁammaauqmamﬁﬁ'j%ﬂwﬁmﬁmﬁuﬁwulu

' = [ s fn‘l ' v @ A g :/
mqﬂs:mﬂmavl,u I@]EILﬁlW’]zﬁ']ElW%ﬁq‘Y]@ﬂ\‘1‘1_]53LWﬂIﬁLﬂ%ﬂ%uUG“EQMﬂ’]W%’]

il 9. aumuAnlimarasswhsfidmawussanasieniinenuludiiszing (Paimer and Square, 1977)

arINY naa- ARG kel nay AFNLA
Agmenellum BG E, SP, &t Cymbella D SP, St
Anabaena BG E,SP, &, T Dermocarpa BG SP
Anabaenopsis BG SP Diatoma D E
Anacystis BG E I, SP, St Dictryosphaerium: G SP, St
Ankistrodesmus: G E, I, SP, St pulchellum F Pl
falcatus PF, PI, SP Eudorina elegans Fl PI, PF, SP
Botryococcus braunii G Pl Euglena Fl E I, St, SP
Colothrix BG E, SP Fragilaria: D , SP
Chlamydomonas Fl I,PE,SP, &, T capucina Pl
Chlorella: G I,E, SP, St crotonensis E P, S, F
ellipsoidea Pl Gloeocystis: G E, SP
vulgaris PF gigas A
Chlorococcum humicola G PF, SP, St Golenkinia radiata G Pl, SP, St
Cladophora G A, E, SP, St Gomphonema D I, SP, St
Closterium: De E I, SP, St Gyrosigma D E
acerosum PF Hydrurus YG C
minoliferum F Kirchneriella: G SP
Coelastrum microporum G E, PF, PI, St lunaris Pl
Crucigenia quadrata G Pl, SP, St Lyngbya: BG E, SP
Cyclotella: D E I, SP, St lagerheimii A
meneghiniana F, PF putealis A
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MTWAN 9. (d0)

nau

Y AUINLG EAVEAL] nayl ARNLA
Microcoleus BG C, PE Pleurosigma D Pl
subtorulosus Scenedesmus: G E, I, SP, St
Navicula: D E, I, PE, SP, St bijuga Pl

exigua C obliquus PF
Nitzschia: D E, I, SP, St quadricauda PF, PI
palea Al PFF Sphaerocystis schroeteri G E, PI, SP
Oedogonium G Al SP Spirogyra G A, E, SP
Oocystis G E, SP, St Spirulina: BG E, SP
Oscillatoria: BG E, I, SP, St major A, PE
agardhii PI subtilissma SP
chlorina PF Stephanodiscus D E
limosa PF Stichococcus G SP
splendida PF Surirdla: D E, SP, St
Pandorina morum Fl EI,P,SP,T ulna PF, T
Pediastrum: F E, SP, St Tabellaria: D EFST
boryanum PF, Pl fenestrata FT
duplex Pl Tetradesmus G SP
Phacus Fl I, SP, St Tetraedron G SP
Phormidium BG A, F1,SP, & Tetrastrum G SP
Pinnularia D SP Tolypothrix tenuis BG A

RNULAG: ﬂﬂ&l D= vlﬂﬂw@]ﬂ&l G= mmwm’um BG= mwsmamwmmmmm FI= LLWﬂﬂLi]aLﬂ(ﬂ De= Lﬂm\lﬂ YG = m%ﬁummaumm"um

ﬂmﬁ&lll(ﬂ A—Umn%, C= ‘W]ﬁ.ya’]ﬂ E ‘W]‘Y]&l‘]_]‘i&l’]mﬁ’ﬁa’]ﬁ’]iﬁd F= aﬂ@]%l,ﬂiﬂdﬂ'ia\‘l 1= muuwﬂmmwm PF= ‘W]i]ﬂﬁﬂﬂ'iﬂ

PI= LLWENﬂ@]auW"EsLWY] SRR, SP= uamm St=A1113, T= Lﬂﬂﬂﬂ%LLﬂ“"ﬁﬁ

P o o oA o 4
§13WN 10. ﬂﬂﬂﬂ'lwrrli%’]ﬁ']'ﬂi’lUﬂaﬁi?ﬁ]WUqu”ﬂﬂizlﬂ'ﬂu

mslouse Lot

: a o A
RIRNYNAALRDN

ABEILINRAY
NAAWRIIBEZDA (Hy)
faauaisluena (No, So,)

Chlorophyta/Cyanophyta Tfiafididszintmwlumnfeusalalasiau
Chlorophyta Tliaasgdulald@n pH dwan wiw Chiorella,
Scenedesmus

ﬁ']ﬁ‘m{’uﬁﬂ (Euﬁﬁ/aﬁm‘%ﬁ/msﬁw Tane Chlorophyta L% Chlorella, Scenedesmus
sl Cyanophyta L7% Aphanothece, Chroococcus, Oscillatoria, Phormidium
fuMINEaI Cyanophyta ﬂawma"l,uIMLauvlﬂ Wi Anabaena, Calothrix, Fischerella,
ﬂU’H’Jm‘W Hapalosiphon, Nostoc Scytonema, Stigonema, Tolypothrix
a’]iﬂiuﬂyiﬂidfﬁ’mﬁu Chlorophyta/Cyanophyta ﬂéj&lﬁﬁ%”m polysaccharide LT
Chlamydomonas, Nostoc
miﬁﬁ@ﬁ'ﬂgﬁ"ﬁ Cyanophyta nawnemaa’liaaﬂqmwwmmwmw,wmLL@“TWW’H LT
Fischerella, Hapalosiphon, Scytonema
2IMIFAT Chlorophyta %% Chlorella, Haematococcus, Scenedesmus
Cyanophyta %% Arthrospira, Spirulina
@T’lua@lmwﬂﬁu Chlorophyta 1% Chlorella, Cyanophyta i Spirulina, Nostoc
mmi!,amammw
Carr:| Chlorophyta \B% Haematococcus, Cyanophyta \T% Anabaena, Spirulina

Qiﬂ1mﬁu1§i5uﬁ? (polyunsaturated fatty acid)
TAunaaa (lubricant oil)

Cyanophyta L3 Spirulina
Chlorophyta L‘Eu Botryococcus

LARTATUHN Cyanophyta ‘YlNmﬂﬁ’liaaﬂt}ﬂﬁﬂ’l\‘i‘mﬂ’mﬂ@]’lu’i]au’ﬂiﬂa’lL‘I/W]Iiﬂ b
gt EJ\‘]LauVLSH&I msmﬂuwwmmﬂma \T'W Fischerella, Hapalosiphon,
Scytonema
nITON Chlorophyta L% Spirogyra
PULAFTATUH
Atk . Cyanophyta L4 Spirulina
M3angnEMetinw Cyanophyta laglawizluaad Stigonemataceae

‘u‘nmﬂ

mmvxmﬂvxmwaaw@wuﬁmmwum'@ﬂsl,uﬂiwmﬂvlmmnﬂﬂuwuuaﬂmﬂ Warsunufidnenwadlan
mq mmwnuﬂ?mmmvnummwnaﬂm Laammﬁmamsmmmuimaamwmmlunaumfluamam YA
VL@mﬂmsmmwaaquuqau‘n‘su M. LNEN 2 e m&l’]iﬂ’wu“ﬁuﬂ'ﬂﬂ&IG’W%Lﬁ%ﬂ‘NLL‘Sﬂ"lJaO'iJ‘SWLV]ﬂVLY]Uﬂdﬂ’J'] 177
'ﬁﬁ(ﬂ ANADLN 648 @288 %aaaﬁoi’aﬁav 27 ‘uam”’sazmﬁl,ﬁu agslsiaunsdnsIndudautsnunm
dlassnamninng auwnmmaaﬂswmﬂimmww LuEINE AR g maammnuﬂmmﬂmaaﬂmuamas’mm
mumaa’nﬂuamomwmamuﬂnﬂm?wmna WINENIIEINEURT U UEIUEL Y U AN19I9 SufTalan
u,am@mm\amaﬂummaauammmflumumﬁumsmwm LN mﬂuwugm‘nuum’[uﬂﬁmmlwwmﬂswmﬂ

NenwmIIeelulasens BRT 2544 BRT Research Reports 2001

{Zg’ BRT



@aamum‘smuﬂuﬂmmmsmsmL@mImJaammwmaS] lagawzamefindamsisluunaasii 4 Besana
ATENUaHNINIITINIdanIs e TEa LA an aum%uwl%mlumﬂmwmua Z0ARINNTIY iz
n$wennsdeiidudesiannasyiulauszmawanndszing aiu m3samInsnennsinrilueiliinm
wazqanw Jadududaadnmsnaunuluszes s_ml,wamvl,ﬂammmUuslumﬂ"ﬁﬂsiwu maaﬂmwm‘n‘l@mn
MmN I esemhasunumidueshaannlugiuil

naansIndsend
wamuﬁa‘fﬂﬁvl@ﬁ'unuaﬁfuagumﬂiﬂsqmiw”@umaoﬁmmjl,l,a:ﬁﬂmuiﬂmﬂmsﬁ]”@msw%'wmﬂiﬁamw
lutszinelng (lassms BRT) s'ﬁ\ﬁ'am“'@@%l@ﬂﬁwﬁfmmﬂamuaﬁfuagums’iﬁ'ﬂ WAZEUINUTUAZIAINTTALAL
waluladfrnmnuisnd swalassns BRT 139040

Lanmié’waa

ATKENIINMIRIIARONUAITNG. 2537, mmmuﬂmmmmaam IR IENIIIMIR AR DA ITARTLT 8. NINAILY
AN, NIENTIANLIENRAS £ alulsBusziowradon, TssaiguyuamnIimansesuAsLamang. nanwy,

wsund lnawn. 2518. migsmnelwansinensoimas aamwﬂmmu mmuwuﬁﬂsmmmmummm WA INEN AL
Muasunsilia dszauias.

favind aura. 2540 msﬁnmmﬁmaamm’wﬁl,ﬁryuuﬁuﬁa Lm:'i%'maaumiﬁslﬂumw”usfamsw'%tymaamm’w.
Ineninus m.a. (mﬂIuIaSmiu’%ms?unﬂﬁau) W IneapNAas. 113 wiin.

yads  duszme. 2517 mgmemwieiialuaaunnanlwguazadiasy nIINWEMIUAT.  IeniwusIgnn
wninudie v Inenseeswasuny e dreauier.

2NIAN WAITUT, TRIWT WHTUWTH use WIFMW SuazSnuwit. 2538. suieiudngmwiisenswam. Inemensuas
alulad D7 10 atfuf 3 fuenow-swaaw 2538,

01 TA AMTUT uaznigws Wiguuwn. 2539 n. ﬂaammﬂmmuwuﬁmmw anuwanraenaianniiem i luls
Yszlomd. Snenenaasuaznalulad advdl 2 3 11 wowmeu-Famay 2539, ni 3-18.

01 Tal WmTUs, algws Wiguudu, Amiud viaui, ae dJveu, me HOIWA, WITIatl Saulsd uasinwiu nas
8973, 2539 2. NIFIIIIUAT musauswmuwuﬁmmwmmmmmma 9 lussumd. Monuadusuystiaue
guiunimnisnuazinaluladfinwuiema, 99 wil.

01 TA WMTUT, 1IyTFeN WANAT, 'ms nagnad, we3 mﬁmmwu 13 qUdiud, a3 gzams, a9aTait laniatesia,
PWIE 1NaM, ﬂﬁNWS wuma@ am@ fiwna uazisan asmiwliad 2541, mydmauasuTIUTINEEWUS
MU NNUREIAN 9 Ty mm‘wﬂmmaamam‘nmﬂgamwumuﬂmawﬂsumma. safiuniTan
1as9n15398 BRT 139040. 91 wi.

01NEa AW IUS, TR La,auﬂi V1 N8ENaY, Ned mﬁmm@uu 1 §UDEWA, 7103 gEms, aiaTend landeiTadnia, Sgwed
1N, ﬂﬁ&lWi wumaﬂ §7@ flana uazinam asm"lwisau 2543 n. mmwzﬂmmmmaﬂmﬂﬂsamwumuﬂmaw
Pumme: assilsznavvesmin. mmmamuawmﬂ“[uian atfufl 1 unMAv-wENEw 2543, Wik 3-20.

9nIad AWMU, 1syTgen WANES, % fauns, wyl mﬁmm@uu wazinan ayoelwlsad. 2543 . swoluunsoi
ﬁmmesamwumuﬂmmﬂwmsna msuwinszag. ngeaesuszinalulad. atuf 2 WO EAAL-FINIAN
2543, "1 73-86.

onnsarl umngus. 2543 . snswindanunsliseloml u: ?qwﬁfluvlﬁua:ﬂm: Wssantn1I), unanuysrainuide

MuanurannaemITInwlnlszinelng. Work Press Printing NN, Wil 39-65.

APHA, AWWA and WPCF. 1975. Standard Methods for the Examination of Water and Wastewater. APHA Inc., New York, USA.

Carmichael, W. W. 1992. Cyanobacteria secondary metabolites-the cyanotoxins. J. Appl. Bact. 72:445-459.

Kunpradid, T. and Y. Peerapornpisal. 1999. Biodiversity of phytoplankton and macroalgae in Mae Sa strem, Doi Suthep-Pui
National Park, Chiang Mai province. In Baimai, V. et a. (eds), Research Reports on Biodiversity in Thailand, 56-60 pp.
Biodiversity Research and Tranining Program (BRT), Work Press Printing, Bangkok.

Mahakhant, A., M. Tungtananuwat, K. Kaya, K. Tachibana and V. Arunpairojana. 1999. Bioactive compounds producing
cyanobacterial strains at MIRCEN, TISTR. International Conference on Asian Network on Microbial Research.
November 29-December 1, 1999. Chi ang Mai, Thailand. 95-103 pp.

Office of Environmental Policy and Planni ng (OEPP). 1995. Algaein Thailand. Integrated Promotion Technology Co., Ltd., Bangkok.

334 pp.

Palmer, M.C. and K. Square. 1977. Algae and Water Pollution. U.S. Environmental Protecting Agency, Ohio, U.SA.

Sournia, A., M.-J. Chretiennot-Dinet, and M. Ricard, 1991. Marine phytoplankton: how many species in the world ocean? Journal of
Plankton Research 13: 1093-1099.

Steiner, R.Y., R. Kunisawa, M. Mandel and G. Cohen-Bazire. 1971. Purification and properties of unicellular blue-green algae
(order Chlorococcales). Bact. Rev. 35: 171-205.

Vonshak, A. 1986. Laboratory techniques for the cultivation of microalgae. In: Richmand, A. (ed.), CRC Handbook of Microalgae
Mass Culture. CRC Press Inc., Florida, U.S.A.

West, W. and G.S. West. 1902. Freshwater Chlorophycese. In: Schmidt, J. (ed.), Flora of Koh Chang, contributions to the knowledge
of the vegetation in the Gulf of Siam. Botanik Tiddsskrift 24(4): 157-186.

Wetzel, R.G. 1983. Limnology. Saunders College Publishing, Philadelphia, U.S.A.

BRT Research Reports 2001 { . NewnIielulasens BRT 2544
]



P BRT 2001
weIBRT 51891umM33981u TnT9M5 BRT 2544 Research Reports

A Review of Invertebrate Pathogenic Clavicipitaceae of Thailand
Nigel Hywel-Jones
BIOTEC-Mycology Laboratory, NSTDA, 73/1 Rajhdevee, Bangkok 10400

Abstract: Five ‘hot spots’ in the Fungal Kingdom have evolved close relationships with insects. In
1989 <10 species of invertebrate-pathogenic fungi were reliably documented from Thailand. That figure
is now 313 morphotaxa. Of the 313 species recorded from Thailand two major classes of fungi are
represented: Ascomycota and Zygomycota. Six teleomorphs of Clavicipitaceae were represented by 131
species (45%) while their asexual states had 163 species recorded (55%). Gfittd @& ps from an
accepted total of 282 Thailand accounts for 30% of the World total. The next most diverse genus was
Torrubiella with 24 taxa recognised from Thailand; accounting for 43% of all described species. Of the
16 species oHypocrellarecorded 12 (75%) have anamorphs recorded Asalhersonialn Thailand,
Torrubiella has been linked witEngyodontiumGibellula, Hirsutella, Paecilomycesand Verticillium.
Cordycepshas the broadest host range. Of 84 tax&afdycepswhere the host could be reliably
determined eight insect orders are represented Aaseaeand Fungi. By contrasfTorrubiella is

limited to two insect orders (the Hemiptera/Homoptera and Lepidoptera) and spidanea@ in
Thailand. WhileCordycepsaccounts for 14 species as hosts of Homoptera this is only ca. 17% of all its
hosts compared with 45% foorrubiellaand 100% foHypocrella This work in Thailand demonstrate

the value of year round surveying in tropical forest. This study of invertebrate-pathogenic fungi is the
longest-running and most complete mycological survey conducted in Thailand.

Key words:. fungal kingdom, invertebrate-pathogenic fungi, mycological survey

Introduction

Compared with other biodiversity groups (eg higher plants, mammals or birds) the fungi of
Thailand are very poorly known. As recently as 1989 there were three times more bird species
documented for Thailand than fungi. And yet current numbers of fungi in the world outhnumber birds
by 8 to 1. However, importantly, in the last ten years the significance of fungi in man’s understanding
of global biodiversity has increased. This is largely due to the Presidential Address of Hawksworth
(1991) who produced estimates of fungal diversity from an analysis of a wide range of literature. Then
ca. 68,000 species of fungi were considered described for the world - compare@vaddo species
of birds. However, Hawksworth (1991) estimated some 1.5 million fungi were awaiting discovery
based on figures from the UK which showed a ratio of 6:1 for fungi and higher plants.

Most fungi have evolved relationships with higher plants; as pathogens, mycorrhizae,
endophytes etc. Of the 75,000 fungal species currently accepted less than 4000 have been described
from invertebrates. This undoubtedly reflects the small number of researchers that have worked on the
biodiversity of these fungi. Fungi have been known from insects for more than 2000 years when
Aristotle recorded that bees suffered from disease. There is evidence of Chinese herbalists using
Cordycepsspp. as long ago as 2000 years (Pegler, Yao and Li, 1994). Fungi on insects exist in several
forms including pathogens, saprobes and commensals. They are also cultivated by certain social
insects. It is, however, beyond the bounds of this review to deal with all fungus-insect associations.

Thailand has presented unparalleled opportunities for collecting, isolating and studying ‘insect
fungi’. Hywel-Jones (in press) recognises five ‘hot spots’ in the Fungal Kingdom where fungi have
evolved close relationships with insects. Excluding the specialised ectoparasitic Laboulbenialiales and
Eccrinales there area. 700 species of invertebrate pathogens accepted (Hywel-Jones, in press). Most
of these are found within the family Clavicipitaceae (Hypocreales). Of all fungal families this one is
unique in having plant pathogens (€tpviceps Balansia and Epichlog that have evolved from
invertebrate pathogens rather than the other way round. Recent ecological, morphological and
molecular phylogenetic studies have confirmed this unique development (Hywel-Jones and Samuels,
1998; Sullivan et al., 2000, Artjariyasripong et aD01).

This study of invertebrate-pathogenic fungi is the longest-running and most complete
mycological survey ever conducted in Thailand. Most work has been done at Khao Yai National Park
as this is easily accessible from Bangkok-based laboratories. In 1989 <10 species of invertebrate-
pathogenic fungi were reliably documented from Thailand. That figure is how over 300 species. How
this figure has been arrived at is the subject of this review.
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Methods

In Thailand there is a network of National Parks and wildlife reserves which account for 11%
of the land area and include all of the major habitats of Thailand. These were all easily accessible by
road and it proved possible to establish good field laboratories. The sites were usually surveyed on a
monthly basis with 4-5 days sampling depending on distances involved. Surveys were usually carried
out in the morning with processing of material in the afternoon and evening.

From 1989 to 1993 only Khao Yai was used for field work. Since late 1993 a programme to
survey 11 other national parks on a monthly basis was established. The aim of this work was to survey
all eleven parks at different months throughout the year. With the detailed work conducted at Khao
Yai over a five year period (1989-1993) and which still continues there is a baseline for comparison.

Observations indicate that the invertebrate-pathogenic fungi (as with other fastidious groups)
do not lend themselves easily to isolation in extreme environments. Early work (1989 and 1990)
demonstrated that field isolation needed access to microscopes. Without this follow-up cleaning of
cultures contamination due to associated organisms reached 100% within a few days. To be sure that a
successful isolation is made there must be access to microscopes and sterile nutrient plates.
Observation in the field and in the laboratory has demonstrated that there is not a real need for sterile
cabinets. Aerial contamination can become a problem in dirty microbiology laboratories but so long as
care is taken in minimising the exposure of the plates to the air it is possible to secure clean cultures
with the aid of the microscopes.

Only good, undisturbed sites were chosen for surveys. Experience showed that any
disturbance resulting in loss of forest would result in declines in insect populations and declines in the
numbers and diversity of fungi. An apparently mature forest that had re-grown over 100 years lacked a
diversity of invertebrate-pathogenic fungi because the insects had not effectively re-colonised the
forest and allowed the pathogens to re-establish.

I dentification

Identification of invertebrate-pathogenic fungi is hampered by the lack of organised keys.
There are guides and atlases to some representatives (Cooke, 1892; Kobayasi and Shimizu, 1983;
Samson et g1.1988; Shimizu, 1994; Sung, 1996). Given the diversity of the fungi encountered, the
difficulty of finding them and the apparent restricted geographic ranges of many of these fungi all of
these guides suffer limitations. Shimizu (1994) was used until recently forCidrdiycepsuntil a
survey in Japan led this author to conclude there was little overlap between Thai and Japanese species.
Identification is also hampered by the lack of access to herbarium material. Ultimately, final
identification of many species will require careful examination of material from a range of sites.

Important surveys were made in Sri Lanka (Petch 1920’s); Japan (Kobayasi from 1930's to
1980’s); the Congo (formerly the Belgian Congo; Moureau, 1940’s); Ghana (Evans, 1970’s). More
recently significant long-term investigations have been made in Taiwan (Tzean and co-workers) and
Korea (Sung). All of these works have offered a basis for comparison of Thai material.

Results and Discussion
From 1989 to 2001, 313 morphotaxa of invertebrate-pathogenic fungi were recorded from
Thailand (Fig. 1). The identification and naming of these is still in progress and names are only
provided when there is full confidence that this is correct. Where there is doubt the taxon is ‘compared
with’ (cf) a known taxon.

The Hosts of Invertebrate-Pathogenic Fungi

These fungi have often been called ‘entomopathogenic’, ‘entomogenous’ or ‘insect fungi'.
These names are often inappropriate since the Clavicipitaceae contains species thiais@diect
Araneae(spiders and mites) arkelingi. The one connecting theme of these three apparently disparate
host groups is the presence of chitin as a protective barrier to physical invasion. The subject of inter-
kingdom host-jumping has recently been treated (Nikoh and Fukatsu, 2000) and clearly suggests that
fungal pathogens evolved from insect pathogens. Of the 313 taxa, 75% were from 12 insect orders,
17% were specific to spiders and mites while 2% were specific to fungi. About 3% of taxa could not
be assigned to a host while another 3% belonged to taxa acknowledged to be opportunistic pathogens
with broad host ranges. For examplerticillium lecanii has been reported as a pathogen of insects
(mainly Homoptera: aphids and scale insects), eriophyid mites and other fungi (eg rusts) (Hall, 1981).
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Of the 313 taxa of ‘invertebrate-pathogenic fungi’ by far the largest proportion is on the
Hemiptera/Homoptera (Fig. 2) which accounts for ca. 33% of all hosts. Lepidopteraramehe

(spiders and mites) also account for ca. 17% each meaning that three host groups account for 68% of
all the fungi recorded.
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Figure 1. Increasing numbers of invertebrate-pathogenic fungi from Thailand.
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Figure 2. The hosts of invertebrate-pathogenic fungi recorded from Thailand.

Reviewing the host orders most of the hosts have associations with plants. Major orders such
as Hemiptera/Homoptera and Lepidoptera are plant-feeders. The Hemiptera/Homoptera are phloem-
feeders while Lepidoptera larvae are leaf or root feeders mainly. The Hymenoptera have a range of
feeding strategies. This Order is unique in the Thai work in that all pathogens have been recorded from
adults. Usually the immature insects are the more susceptible to attack (Kobayasi, 1941). Where
predators have become infected these have usually been hosts with close relationships with
microhabitats where pathogens are present. The assumption is that a pathogen of a plant-feeding host
has jumped over to an associated predator. The hunting spiders have especially proved susceptible.
Significantly, there are no records (in Thailand or elsewhere) of a clavicipitaceous fungus becoming a
pathogen of the more sedentary web-spinning spiders although these may be susceptible to
opportunistic pathogens.

The Taxonomy of the Fungi

Of the 313 species now recorded from Thailand two major classes of fungi are represented:
Ascomycota and Zygomycota (Table 1). The Ascomycota represented the largest element of the
collecting accounting for ca. 95% of the total records with <5% belonging to the Zygomycota.

This is in apparent contrast to temperate regions where the Zygomycota appear to be the
dominant invertebrate pathogens (Evans, 1982). Significantly, extended work in Thailand suggests
that Zygomycota may be more diverse than previously considered. In temperate regions these delicate

NenwmIIeelulasens BRT 2544 %%LSF BRT Research Reports 2001
ST



specimens can persist for several days during summer months (Hywel-Jones, 1984). However, in the
tropics there is every indication that the death of the host and completion of sporulation possibly
occurs within a twelve hour period of the night time and early morning (Hywel-Jones, unpubl. obs.).
Fresh specimens of Entomophthorales were collected in the early morning in natural forest but rarely
in the later afternoon. As many Entomophthorales have high host specificity they will likely be found
on insects that are more communal; especially insects that might use the underside of leaves for resting
during the night. The underside of basidiomycete fruit bodies would also make an ideal environment
for Entomophthorales to develop on mycophagous insects. The very few records of Zygomycota
recorded from Thailand does not hint at their absence, rather a lack of survey. This is an area of
research that is ripe for follow-up.

Of the 298 Ascomycota, all were from the order Hypocreales and all but four (98%) were
from the family Clavicipitaceae. Six teleomorphs of Clavicipitaceae were represented by 131 species
(45%) compared with their asexual states (distributed in 16 anamorph genera) which had 163 species
recorded (55%) (Table 1). The ger@ardycepswvas, by far, the largest collected (86 species) and this
is a reflection of its great species diversity in the world. Kobayasi (1982) recorded 282 species of
Cordycepscompared with 56 of orrubiella. Evans and Hywel-Jones (1990) reported on 38 species of
Hypocrella An up-to-date review of the numbers @brdycepshas yet to be made but probably
approaches 330 species now. The picture is further complicated by the presence of anamorphs. The
fungi are unique in often having separate names attached to the sexual and asexual states of what is
essentially the same genetic material. The significance of anamorphs in biodiversity assessments is
treated below.

Thailand usually accounts for about 5-10% of global diversity when compared with major
groups that have had their diversity well-researched. For example, by 1989 918 species of birds were
recorded out of a World total of ca.

9000 (ca. 10% of World total) (Gray Table 1. An alphabetic list of genera pathogenic to invertebrates

Piprell and Graham, 1994). O recorded from Thailand 1989-2001.
mammals, 282 Thai species are knov  Gens Class
from a world total of 4000 (ca. 7% o
World total) (Gray, Piprell and
Graham, 1994). Of the above thre
genera, Cordyceps is the most
intensively studied on a global scal
Significantly, the figure of 30% is ar
under-estimate of the increasin
diversity of the genus since many ¢

Anamorph or Number of

teleomorph Species

Akanthomyces Ascomycota Anamorph 16

Aschersonia Ascomycota Anamorph 15

Basidiobolus Zygomycota 1

Beauveria Ascomycota Anamorph 5

Conidiobolus Zygomycota 1

Cordyceps Ascomycota Teleomorph 86

Cosmospora Ascomycota Teleomorph

Engyodontium Ascomycota Anamorph

Entomophaga Zygomycota

the Cordycepsfrom Thailand are now
regarded as new. Recent molecul
phylogenetic work indicates that th
genusCordycepsis in need of major
revision (Spatafora and Blackwell
1993; Nikoh and Fukatsu, 200C
Artjariyasripong et al., 2001). With 8¢
Cordycepsfrom an accepted total o
282 Thailand accounts for 30% of th
World total. A figure three times
higher than normal for Thai
biodiversity (Table 2).

The next most diverse genu
was Torrubiella with 24 taxa being
recognised from Thailand; accountin
for 43% of all described species (Tab
2). Those on spiders (11 species) ¢
especially in need of careful taxonomi
study. Unfortunately, in any one surve
there is wusually only a single
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Entomophthora

Erynia

‘Other Entomophthorales”
Fusarium

Gibellula

Granulomanus

Helicoma

Hirsutella

Hymenostilbe

Hyperdermium

Hypocrella

Metarhizium

Neozygites

Nomuraea

Paecilomyces

Peziotrichum

Peziotrichum teleomorph

Phytocordyceps

Pleurodesmospora
Podonectria
Polycephalomyces
Pseudogibellula

Sphaerocordyceps
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Zygomycota
Zygomycota
Zygomycota
Ascomycota
Ascomycota
Ascomycota
Ascomycota
Ascomycota
Ascomycota
Ascomycota
Ascomycota
Ascomycota
Zygomycota
Ascomycota
Ascomycota
Ascomycota
Ascomycota
Ascomycota
Ascomycota
Ascomycota
Ascomycota
Ascomycota

Ascomycota

Anamorph
Anamorph
Anamorph
Anamorph
Anamorph
Anamorph
Teleomorph
Teleomorph

Anamorph

Anamorph
Anamorph
Anamorph
Teleomorph
Teleomorph
Anamorph
Teleomorph
Anamorph
Anamorph

Teleomorph
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representative of dorrubiella found on a Spider. Taple 2. A comparison of totals of major clavicipitaceous
Consequently, large enough populations have teleomorphs compared with world totals.

been collected yet to adequately determine spe Genus Species fron  Reported for | Thai % of
separations. However, with continued isolations Thailand | theworld | the World
L b . Cordyceps 86 282 30
the Torrubiella and their Gibellula anamorphs | Hypocrelia 16 38 42
molecular work will allow clarification of this | Torrubiella 24 56 43

genus in the coming yeatrs.

Hypocrellawas comparable tdorrubiellain accounting for 42% of the World diversity (Table
2). Hypocrellais a genus where few new species have been recorded from Thailand. By comparison
some 60% of the 8€ordycepsrecorded will need to be named as new species. The lower species
diversity ofHypocrellais possibly a consequence of its restricted host range (Homoptera: Coccidae and
Aleyrodidae) and its apparent recent evolution f@ondycepgArtjariyasripong et al., 2001).

The Importance of Anamorphs

Occasionally anamorphs and teleomorphs can be found together and the links immediately
made. Of the 131 species of Clavicipitaceae recorded from Thailand 51 (39%) of these have had
reliable anamorph links made (Table 3). Of the 16 specid$ypbcrellarecorded 12 (75%) have
anamorphs recorded — all belonging to the gefsishersonia(Table 3). Of the fouHypocrella
species that do not have Aschersonieanamorph known from nature two of them have produced
anamorphs in culture. One i&schersonidike while the other (the anamorph dfypocrella
schizostachyi) has affinities to nectriaceous anamorphs (Hywel-Jones and Samuels, 1998). Both
Hypocrella scutataand H. schizostachyi have features (especially the absenca&sdifersonia
anamorphs) that suggest these might need new genera naming to accommodate them. Further, as they
bear little similarity to each other it is expected that two new genera will be involved. Molecular work
is in progress to determine the relationshipypocrellaand other Clavicipitaceae.

Table 3. Teleomorph-anamorph links currently accepted in Thailand.

Teleomorph Corresponding Anamorph Cordyceps sp01 on locust eggs Hirsutella sp01 on locust eggs

Hypocrella badia Aschersonia badia Cordyceps sp02 on cricket Hirsutella sp02 on cricket

Hypocrella acutispora Aschersonia acutispora Teleomorph Corresponding Anamorph

Hypocrella javanica Aschersonia coffeae Cordyceps sp02 on termite Hymenostilbe sp02 on termite

Hypocrella mollii Aschersonia confluens Cordyceps sp02 on elaterid Hirsutella state of Cordyceps sp02 on

Hypocrella hypocreoidea Aschersonia hypocreoidea elaterid

Hypocrella reineckinana Aschersonia marginata Cordyceps sp03 on cricket Hirsutella sp03 on cricket

Hypocrella oxystoma Aschersonia oxystoma Cordyceps sp03 on termite Hirsutella sp03 on termite

Hypocrella palmicola Aschersonia palmicola Cordyceps sp08 on Lepidoptera Hirsutella state of Cordyceps sp08

Hypocrella raciborski Aschersonia placenta Cordyceps sp21 on Lepidoptera Hirsutella state of Cordyceps sp21 on

Hypocrella discoidea Aschersonia samoensis Lepidoptera

Hypocrella tamurai Aschersonia tamurai Cordyceps sp22 on Lepidoptera Paecilomyces tenuipes

Hypocrella tubulata Aschersonia tubulata Cordyceps sphecocephala Hymenostilbe sphecocephala

Cordyceps brongniartii Beauveria brongniartii Cordyceps tuberculata Akanthomyces pistillariiformis

Cordyceps brunneapunctata Hirsutella brunneapunctata Cordyceps unilateralis Hirsutella formicarum

Cordyceps cf acicularis
Cordyceps cf obtusa on elaterid
Cordyceps cf obtusa sp02 on cicada
Cordyceps cylindrica
Cordyceps dipterigena
Cordyceps humberti

Cordyceps irangiensis
Cordyceps myrmecophila
Cordyceps nipponica
Cordyceps nutans

Cordyceps pseudolloydii
Cordyceps sp.01 on termite

Cordyceps sp01 on cricket

Hirsutella cf acicularis

Hirsutella cf obtusa sp01 on elaterid
Hirsutella cf obtusa sp02 on cicada
Nomuraea atypicola
Hymenostilbe dipterigena
Hirsutella sausserei

Hymenostilbe aurantiaca
Hymenostilbe aurantiaca
Polycephalomyces nipponica
Hymenostilbe nutans
Hymenostilbe pseudolloydii
Hirsutella sp01 on termite

Hirsutella sp01 on cricket

Torrubiella tenuis

Torrubiella pruinosa

Torrubiella state of Gibellula pulchra
Torrubiella luteorostrata
Torrubiella cf alba

Torrubiella hemipterigena
Torrubiella iriomoteana
Torrubiella siamensis

Torrubiella state of Gibellula sp03
Torrubiella state of Gibellula sp04
Torrubiella state of Gibellula sp05

Torrubiella of Engyodontium sp02

Hirsutella state of Torrubiella tenuis
Hirsutella versicolor

Gibellula pulchra

Paecilomyces cinnamomeus

Gibellula sp10 alba

Verticillium hemipterigenum
Hirsutella state of Torrubiella iriomoteana
Hirsutella state of Torrubiella siamensis
Gibellula sp03

Gibellula sp04

Gibellula sp05 brown one

Engyodontium sp02 on spider

Of the 24 species oforrubiella recorded from Thailand 50% have well-documented
anamorphs (Table 3). Unlikdypocrellg a single anamorph is not a feature of this genus. In Thailand,
to date, Torrubiella has been linked witlEngyodontium Gibellula, Hirsutella, Paecilomycesand
Verticillium. Verticillium is a genus with wide associations and is increasingly the subject of molecular
work to determine affinities (Spatafora pers. comigticillium lecanii was the firstVerticillium
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linked to Torrubiella and this was reported from Thailand. Significantly, Tleerubiella state ofV.
lecanii (Torrubiella confragosphas not been found in Thailand. Therrubiella-Gibellula link is of
special note.

The anamorph genuSibellula is exclusive to hunting spiders (especially Salticidae and
Thomisidae) and is only associated with the teleomdrpirubiella. By comparisonHirsutella,
PaecilomycesndVerticillium have links with other teleomorphSibellula was the subject of studies
by Samson and Evans (1973), Samson and Evans (1992) and Tzean, Hsieh and Wu (1996). From these
studies 10 species @ibellula have been accepted. By contrast, Kobayasi and Shimizu (1982) have
described some 34 species Tadrrubiella from spiders which may be expected to h&ibellula
anamorphs. Significantly, of the nine specie&difellula known for the world only two of these have
been reported from Thailand. Sixteen other specigSiloéllula are now known from Thailand and
will require naming as new. No monographic treatment has been ma@ébeifula. The large
collections ofGibellula from Thailand and, significantly, the many isolates that have been brought
into culture will allow a major contribution to be made to knowledg€asfubiella-Gibellula. Evans
(pers. comm.) made a large collectionGibellula from the Sulawesi (Indonesia, 1980’s) and it is
notable that few of these specimens match with those recorded from Thailand (Evans and Hywel-
Jones, unpubl. obs.). Undoubtedly there are many more specibietiila present than the current
record of 23 species for the World would suggest.

Table 4. Synanamorphs currently accepted in Thailand.

Teleomorph Anamorph Synanamorph

Torrubiella state of Gibellula pulchra Gibellula pulchra Granulomanus state of Gibellula pulchra
“Presumed Torrubiella’ Gibellula sp08 Granulomanus state of Gibellula sp08
‘Presumed Torrubiella® Gibellula sp09 Granulomanus state of Gibellula sp09

‘Presumed Cordyceps Hirsutella petchabunensis Helicoma state of Hirsutella petchabunensis

The Further Complication of Synanamor phs

Unlike higher plants and animals, the fungi have extremely plastic life-cycles. There is no
‘typical’ life-cycle. Although effort is being made to link up asexual and sexual states within genetic
species the matter is further complicated by the presence (sometimes) of synanamorphs. In Thailand,
synanamorphs have occasionally been found. The g&rausilomanudas been found exclusively with
the anamorplGibellula and so, by inference, is related to the teleomdmptiubiella (Table 4). It is
always found in the entangling mycelium covering the host spider or occasionally growing on the
Gibellula conidiophores instead of the more typiGébellula phialides. Field observations suggest this
is formed in response to increased humidity or water availability. Another synanamorph recorded from
only a single collection was a helical one associateditifdutella petchabunensiglywel-Jones, Goos
and Jones, 1998). This synanamorph was linked with the helicosporoudHgéinamaalthough this is
probably not a good name. Although no sexual state has been recorded the growth foHiraittia
and the Lepidoptera host strongly suggeSoedycepsof the ‘epicarposomagroup’ (Kobayasi, 1982).
Many specimens have been found that are being compared Gatbyceps cf. acicularis
(‘epicarposomagroup’) but in everyone of these examined no further examples of a helical
synanamorph have been found. If further specimens or species were found a use might be made for
establishing a new genus sirtdelicomais an anamorph dfubeufiaandThaxteriella(Goos, 1986).

The Disposition of Hosts Amongst the Three Major Genera:
CordycepsTorrubiella

Table 5. Hosts of the three main clavicipitaceous teleomorph genera in Thailand.

and Hypocre”a do not have Cordyceps hosts Torrubiella hosts Hypocrella hosts

the major host groups equally % % %
divided amongst them (Tab|e Lepidoptera 2 28.5| Araneac 11 45.8|Homoptera 16 100
5). Important|y1 Cordyceps Coleoptera 15 17.9 [ Homoptera/Hemiptera 11 45.8

Homoptera/ 14 16.7 | Lepidoptera 2 8.4

has the broadest host range
Of 84 taxa of Cordyceps

Hemiptera

Hymenoptera

9
where the host could be|. e ;
reliably determined eight |omopen 5
insect orders are representegtu: 4 48

3
2

83

6.0

plus Araneae and Fungi |*" 36
(Table 5) By contrast, Diptera

24
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Torrubiella is limited to two insect orders (the Hemiptera/Homoptera and Lepidoptera) and spiders
(Araneag in Thailand. Finally, the genusypocrellais only known from Homoptera and specifically
from two families; coccids and aleyrodids.

While Cordycepsaccounts for 14 species as hosts of Homoptera this is only ca. 17% of all its
hosts compared with 45% fdrorrubiella and 100% forHypocrella Especially significant is that
while Cordycepsinfects many insect orders the Lepidoptera alone accounts as host to 29% of all
CordycepsThe type species @ordyceps- Cordyceps militarigL.:Fr.) Link — is from Lepidoptera
and there is every indication that the ge@asdycepssensu strictawill prove to be largely confined
to Lepidoptera and some Coleoptera.

The Distribution of | nvertebrate-Pathogenic Table 6. Major sites where first records were
Fungi in Thailand first reported in Thailand.
These fungi were found from sea level (Phu To- fntrerd
Daeng) to the summit of Doi Inthanon. They can be found
disturbed ecosystems, agricultural ecosystems and ur

J
Khao Yai National Park 189

Btln Inthanon National Park 25

a0 National Park 17

areas (Bangkok). In all such areas the diversity is 0w (<1 ksachan National Park 13
spp). They are best found in primary forest where diversity |igon Nakha vildie reserve o
high. For Khao Yai more than 200 species have now begip s pwkieo sibap 7
reported. Of the 313 records, 189 were first reported frofyje e Mo Fak ‘

Ul Cale bl el Dol

Khao Yai (Table 6).

Conclusions

With the recent global interest in biological diversity there has been increased interest in
surveying the fungi that are present in tropical forests. Some of this work has been spurred by
pharmaceutical companies wanting access to new and interesting fungi. This work on invertebrate-
pathogenic fungi has demonstrated that in Thailand there is a very rich diversity. Kobayasi recorded
ca. 62 species @ordycepsrom Japan over a fifty year period. Almost 90 species have been recorded
from Thailand in just 12 years. This work in Thailand demonstrates the value of year round surveying
in tropical forest. It is only in this way that the rarities will be found and that industry’s thirst for novel
or different fungi to put through its screens can be satisfied.

Some invertebrate-pathogenic fungi which are currently confined to natural habitats may have
potential as biological control agents. Others may be significant as sources of novel metabolites. Until
detailed surveys are made of these fungi in their natural habitats it is not possible to determine their worth.
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Pteridophytes Flora of Khun Korn Waterfall Forest Park, Chiang Rai Province
Thaweesakdi Boonkerd and Piyapong Ratchata
Department of Botany, Faculty of Science, Chulalongkorn University, Pathumwan, Bangkok 10330

Abstract: Khun Korn Waterfall Forest Park is situated in Muang District, Chiang Rai Province, and
covers a mountainous area of approximately 18 &m625-1,635 metres above mean sea level. An
enumeration of the pteridophytes of this forest park is presented. This is the first report for the area and
includes 154 species and 11 infraspecific taxa in 24 families and 66 genera. Collecting has also resulted in
two new records, i.eSelaginella ciliaris (Retz.) Spring (Selaginellaceae) abietanopteris linearis (Burm.f.)

Underw. var. montana Holtum (Gleicheniaceae) for the flora of Thailand. Furthermore, unusual distributions of
fourteen pteridophyte species were discovered. Comparison with other protected areas in the vicinity
showed a high diversity in this plant group. However, two endemic fern species originally collected from
Chiang Rai province could not be foufirdm this area, and has probably been extispated e
country. Undoubtedly, habitat degradation througmam activity has reduced pteridophytes diversity in

the park.

Key words: Pteridophytes, ferns, fern allies, new records

Introduction

As a tropical country, Thailand contains between 15,000 and 20,000 species of plants which
account for 8-10% of the estimated total number of global plant species (OEPP, 1992; Phengklai, 1989).
It is expected that, with continuous site-specific botanical excursions, new species or new records will
be found (OEPP, 1996). Thus botanical research in some specific areas of Thailand are needed to add
new knowledge to the Flora of Thailand Project (Santisuk et al., 1991).

Being the northernmost province in the Thai kingdom, Chiang Rai is rather suited for this
purpose because this province is still rich in plant diversity. Botanical expeditions to Chiang Rai are
rather few compared with the neighboring province, i.e. Chiang Mai. A preliminary expedition to Khun
Korn Waterfall Forest Park discovered an endemic species of femagramma grossoserrata
Holttum. This fern species is known only from the type collection place in Phrae Province (Tagawa and
Iwatsuki, 1988). It is believed that the forest park also houses other endemic species, such as
Antrophyum winitii Tagawa & K. lwats. that has been found only once in Chiang Rai (Tagawa and
Iwatsuki, 1988). As a result, this research project aimed to explore plant diversity at Khun Korn
Waterfall Forest Park with specifieference to the diversity of pteridophytes.

Study Area

Khun Korn Waterfall Forest Park was established in 1979. It is located on the western side of
Mae Lao Forest and on the eastern side of Mae Kok Forest in Muang district, Chiang Rai Province (Fig. 1),
which is northwest, about 26 kilometres from the city center. This area occupies parts of Tumbon Mae
Korn and Tumbon Huai Chomphu, and has a total area ¢” *~
km?. The park is marked out approximately by the geograpt
coordinates of 1951 -19° 54 north latitude and 9935 -99°
39 east longitude. It is bounded on the north by Doi Mae K
at Ban Pang Takhrai and Ban Pang Khon, on the south by
Chang and Doi Mae Mon at Ban Li So Mae Mon, on the eas
Huai Ya Dee and on the north west by Doi Kia.

Khun Korn Waterfall Forest Park is a mountaino
area, lying in the Continental Highlands. Pendelton (19
(cited in Robbins and Smitinand 1966) described t
physiographic region as a southward extension of the £
Hills of Myanmar. Its elevation varies from about 6:
meters above sea level along road number 1208 to 1
meters at the summit of Doi Kia.

The climate of the area is monsoonal based upc
strong alternation of wet and dry seasons. The wet-ci Figure . Maps showing the location of Khun
northwest monsoon coincides with heavy rain duri korn Waterfall Forest Park.
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August-September. February is the driest month and coincides with the occurrence of the dry northeast
monsoon. The Chiang Rai meterological station at 394 m above sea level is the nearest station. The
climatological data fronr1970-2000 (Meterological Department, 2000) show wrage annual rainfall

of 1755.3 mm. The annual relative humidity is about 77%, while the highest relative humidity during
August-December is 95%. The average annual temperature is abofiC24 he average maximum
temperature is about 34°8 in April, and the average minimum is 12M@in January (Fig. 2).

According to Smitinand (1977), the vegetation of Khun Korn Waterfall Forest Park can be
classified into Moist Upper Mixed Deciduous Forest, Dry Upper Mixed Deciduous Forest and Hill
Evergreen Forest. Some parts of the forest park, especially the Hill Evergreen Forest, are disturbed by
Hilltribe people.

studies of ferns and fern allies in Thailar 60
were performed predominantly by botanis
from aboard. Their work contributed greatly 1
Knowledge of the Pteridophyte Flora 0
Thailand. The taxonomic surveys of vascul

plants that include ferns and fern allies tr 40
have been conducted, so far, in northe 22:
Thailand are as follows. = ] ] [ } - } [ l

During 1902-1932, Dr. A.F.G. Kert ] ]
was among the pioneer botanists wi
explored plant diversity in Thailand. Dr
Kerr collected plant specimens mostly fro
northern Thailand. His collection numbere
about 25,000 specimens, including seve
type specimens. Most of specimens we
sent to Kew Herbarium for identification
At that time, fern materials were studied k
Dr. Eryl Smith. Most flowering plants were
studied by Dr. W.G. Craib who publishe
his taxonomic work inFlorae Samensis  Figure 2. Climatological data during the period, 1970-2000, from
Enumeratio based on Dr. Kerr's collectior Chiang Rai Station at 394 m above sea level (Data from the
(Larsen, 1979). Department of Meteorology, Bangkok, Thailand).

H.B.G. Garret, an Englishman who
worked at the Forest Department during 1902-1951, collected plant specimens from Doi Angka and Doi
Chiangdao, Chiang Mai Province. His collection comprised more than 1,500 in number, and now these
specimens are deposited at the Bangkok Forest Herbarium (BKF), British Museum (BM), Kew Herbarium
(K), and other herbaria in Europe. Unfortunately, most specimens in Europe were destroyed during the
Second World War (Larsen, 1979).

In 1904-1905, C.C. Hosseus, a German botanist, collected 830 plant specimens from northern
Thailand; most of them were deposited in Munich and others in Berlin, Germany (Larsen, 1979).

In 1912-1920, Phya Wanapruek Phichara (Vanpruk), in cooperation with the Forest Department,
Bangkok, collected about 1,200 plant specimens, mainly from northern Thailand. Most specimens were
deposited at BKF and K. He publishetst of Common Tree and Shrubs of Sam in 1923 (Larsen,

1979).

During 1914-1931, Phya Winit Wanandorn (To Komes), and other important staff of the Forest
Department, collected more than 2,000 specimens, mostly from the north of Thailand (Larsen, 1979).

Between 1919 and 1921, J.F. Rock collected 1,912 plant specimens from northern Thailand in
his 3 trips to Chiang Mai. Most of his specimens were deposited at the US National Herbarium (Larsen,
1979).

During 1957-1960, Dr. R.E. Holttum of Kew collaborated in “Studies in the Flora of Thailand”. He
recorded 157 species of ferns; many of them were reported for the first time, and new species were found. It
was the first time that a study of the fern flora of various parts of Thailand was made (Bruun, 1961).

Previous Study 10
In the past, collections and taxonom 807 l l l l ] ] l l l l l

207

Relative humidity (per cent)

Temperature (degree C)

o o

s
&

H
5
Mean monthly rain days

Mean monthly rainfall (mm)
o8B BEBEEES

o o

BRT Research Reports 2001 E‘ﬁgh 7 NewnIielulasens BRT 2544
g3



During 1963-1975, Danish botanists, together with Dr. H. Sleumers, Dr. E. Hennipman, Dr. A.
Touw, Dr. H.P. Nooteboom, Dr. C.F. van Beusekomd and Dr. R. Geesink, made several visits to
Thailand; consequently, 4,200 specimens were collected and depositehynherbaria in Europe
(Hennipman and Touw, 1966).

Other important botanists were G. Seidenfaden and T. Smitinand. G. Seidenfaden, a former
Danish ambassador to Thailand, initiated fruitful Thai-Danish cooperation. Expeditions were taken
mainly in the North and the Northeast of Thailand, and about 4,000 specimens were collected
(Seidenfaden and Smitinand, 1959).

In 1966, J.0. Sawyer and C. Chermsirivatana collected plants from Doi Suthep and Doi Pui in
Chiang Mai. Twenty-one genera and 33 species of fern were listed (Sawyer and Chermsirivathana, 1969).

Several expeditions to Thailand were made by Japanese botanists. During 1965-1966, Dr. M.
Tagawa and Dr. K. Iwatsuki from Kyoto University collected more than 7,000 specimens of
pteridophytes from many provinces of the country. These specimens were deposited at BK, BKF, Kyoto
University (KYO), and herbaria in Europe and USA. Their contributions to Pteridophytes were
published in thd-lora of Thailand, Vol. Il part 1-4 (see Chayamarit, 1996). A total of 633 species, in
132 genera from 34 families of pteridophytes were enumerated. Twenty five new species were found,
and 21 species of these were endemic to Thailand.

Recently, Boonkerd and Pollawatn (2000) compiled data from various sources as well as from
their own field trips. Consequently, a check list of ferns and fern allies in Thailand was made. Totals of
671 species, 4 subspecies, 28 varieties in 139 genera from 35 families were enumerated. This checklist
included 27 new records for Thailand.

From the above literature review, it can be concluded that botanical survey of pteridophytes in
Chiang Rai Province was scarce. Therefore, the continuous site-specific collection of plants should be
made in this province.

Methods

Collections were made from October 1997 until October 1999. Six duplicates of plant
specimens were collected along forest trails throughout the study area. Attempts were made to visit all
habitats and areas every month so as to ensure accurate records of all species. The families of
pteridophytes in this paper are arranged according to Boonkerd and Pollawatn (2000) with the genera
listed alphabetically. Voucher specimens have been deposited at the Professor Kasin Suvatabhandhu
Herbarium, Department of Botany, Chulalongkorn University (BCU) with complete sets of duplicates at
the Forest Herbarium (BKF).

Results
A total of three hundred and fifty-seven specimens of ferns and fern allies were collected from
15 forest trails. Appendix 1 enumerates 138 species and 11 infraspecific taxa in 62 genera of 21 families
of ferns and 16 species in 4 genera of 3 families of fern allies, together with their habits, habitats, and
abundance of each species or variety.

Discussion

Pteridophytes versus Habitats

It was found that ferns and their allies in the study area thrive in various habitats; they are terrestrial,
epiphyte, lithophyte or rheophyte (Table 1). Among the collected species, terrestrials were the richest in
number (96 species), whilst rheophyte were the least common (1 species). The rheophyte that occurs in this
forest park isMicrosorum pteropus. It is a medium-size fern that usually occupiesks in streams or
waterfalls. During the rainy season it can withstand a flood for a considerable period of time. It is not
surprising to note that this rheophyte is very common among water plants in aquaria worldwide. The
distinction between terrestrials and lithophytesratevery apparent. As used here, lithophytes gretopn
or beside rather bare rocks. These pteridophytes develop fine, extensive root systems, enabling them to
penetrate rock crevices where moisture is available. Apparently, terrestrials include species growing on thin
IayerS of soil or over rOCkS; for exam pjﬂbm’s heteroclita (Presl) Ching ex C. Chr., Bolbitis virens (Hook. and Grev.) Schott var. virens,

Oleandra undulata (Willd.) Ching andwicrosorum cuspidatum (D. Don.) Tagawa. and also the fern allies SUChSa@inella minutifolia Spring.
Apart from nine true rock species, two species of ferns were found in two habit@tsina grossoserrata Holttum
terrestrialr lithophyte andDrynaria bonii (epiphyte or lithophyte).

Table 1. The number of Pteridophyte species according to their habitats.
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Group/Habitat Terrestrial Epiphyte Lithophyte Rheophyte
Fern allies 14 2 0 0
Ferns 82 49 9 1
Total 96 51 9 1

Diversity of Pteridophytes and Vegetation

Moist Upper Mixed Deciduous Forest exists @levations of 650-800 m. This type of forest is
characterized by high air humidity, as well as a shady environment. The soil forébeis usually
loamy, originating from either calcareous or granitic rocks. Such physical environments are preferable
for most ferns and fern allies. It is evident that there are 80 species of Pteridophytes found in this forest:
59 terrestrial species, 9 lithophytic species, and 11 epiphytic species. The common ferns and fern ally
families are Polypodiaceae (16 species), Thelypteridaceae (13 species), Selaginellaceae
(8 species) and Dryopteridaceae (7 species (Figure 3).

Dry Upper Mixed Deciduous Forest is found along th
ridges at elevations of 650-800 m. The soil is either sandy lo¢
or lateritic. To sum up, this type of forest is much drier an
more exposed than the first one. Moreover, the ground flora
this type of forest is frequently destroyed by fire, especiall
during January-April. Fifty two species of pteridophytes wer
collected; including 39 terrestrial species and 13 epiphyt
species. They are members of the Polypodiaceae (11 speci
Thelypteridaceae (7 species), Parkeriaceae (5 specie B voist Upper Mixed Deciduous forest
Dryopteridaceae (4 species) and Selaginellaceae (4 speci L Dry Upper Mixed Deciduous forest
etc. (Fig. 3). B Hill Evergreen forest

Hill Evergreen Forest is confined to upper elevations
of 800 m upwards. The soil is either red granitic brown-blackgure 3. A summary of ferns and fern
calcareous or yellow brown sandy loam. The relative aff'es collected in each forest
humidity is rather high, especially over the rainy season. This
type of forest is an ideal habitat for epiphytic species. In all, 80 species (Fig. 3) of pteridophytes were
found. They comprised 41 species of epiphytes and 39 species of terrestrials. Polypodiaceae (25
species), Dennstaedtiaceae (7 species), Selaginellaceae (6 species) and Davalliaceae (6 species) are
among the common families.

Widespread Species

Appendix 1 summarizes the pteridophytes of Khun Korn Waterfall Forest Park. The following
fifteen species are found throughout the study area; they were distributed over all altitudinal ranges and in all
kinds of forests. These widespread species includggddium flexuosum (L.) SW., zygodium polystachyum Wall. ex T.

Moore, Lygodium salicifolium C. Presl (SChizaeaceaellicrolepia speluncae (L.) T. Moore, Peridium aquilinum (L) Kuhn var.
wightianum (. Agardh) RM. Tryon (DeNNStaedtiaceae)orium barometz 1. sm. (Dicksoniaceae)jndsaea ensifpiia sw. (Lindsaeaceae)
Adiantum philippense L. (Adiantaceae)isplenium nidus L. (Aspleniaceae); Tectaria polymorpha (Wall. ex Hook.) Copel.(Dryopteridaceea); Amphineuron
terminans (J. Sm.) Holttum, Pronephrium lakhimpurense (Rosenst.) Holttum (The|ypteridaceae)£glaomomha coronans (Wall. ex Mett.) Copel., Drynaria
parishii (Bedd.) Bedd., and Pyrrosia stigmosa (Sw.) Ching (POlypodiaceae)

Rarely Found Species
There were some rarely found species in this study area (see Appendix 1) as they were found only
once. These species included;chium ianuginosum Wall. ex Hook. and Grev. (Ophioglossacea€lectaria faurei Tagawa,
Polystichum attenuatum Tagawa and K. Twats. (Dryo pteridaceae»ephm/epis delicatula (Decne.) Pic.-Serm., Nephl’ol epl sfalcata (CaV.) C.
Chr. (Oleandraceae!)j)lenium macrophyllum Sw. (Aspleniaceae); &hmomis chinend's (L) Maxonvar. divaricata (H. Christ) K.U.
kramer (Lindsaeaceaeplechnum orientale L., Woodwardia japonica (L.f.) Sm. (Blechnaceaepipiuzium siamense
C. Chr. (WOOdSiaceae))rynaria rigidula (Sw.) Bedd. Phymatosorus cuspidatus (D. Don) Pic. Serm. (Polypodiaceae). AmOng theseTectaria

faure Tagawa is a species confined to northern Thailand and its present distribution suggests its membership
of Sino-Himalayan elements. Whereas the other species are dispersed throughout the country; they were
hardly observed in this study area.
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Endemic Species
Of the 154 species of Pteridophytes, 4 species endemic to Thailand were found in this study
area, i.eSdaginedla lindhardii Hieron, Anthophyum winittii Tagawa and K. lwatSpistelia siamensis Tagawa

and K. Iwats. @Nd Lomagramma grossoserrata Holttum. Selaginella lindhardii Hieron is a small plant,

existing naturally in Tak, Bangkok and Ratchaburi. Its prés#istribution shows a relationship with
Indo-Burmese plant groups (Tagawa and Iwatsuki, 19%8hophyum winittii Tagawa & K. lwats. was

known only from a type specimen which is now kept at the Herbarium and Library, Botanic Gardens, in
Singapore. Whilé.omagramma grossoserrata Holttum is known only from the type collection in Phrae
Province (Tagawa and Iwatsuki, 1988), this species thrives healthy along the streams or near to
waterfalls at altitudes of 650-800 m in Moist Mixed Deciduous Forest. So far, its present distribution is
restricted to northern Thailand and it should be a member of Sino-Himalayan elementscMdilst

siamensis Tagawa & K. Iwats. WS cOllected from Phu Miang in Phetchabun and Phu Luang in Loei (Tagawa and

Iwatsuki, 1988), the present distribution of this species reveals its membership of Sino-Himalayan
elements.

New Records

Included in this study were one species of fern and one species of fern ally which had
previously not been recorded in Thailand. The fern ally newly recorded for Thailangchagisella
ciliaris (Retz.) Spring. It is distributed in Mainland China, Taiwan, Philippines, India and Austglia.
Khun Korn Waterfall Forest Park, this species is abundant in slightly exposed areas on mountain slopes
at 670-800 m altitude. The other new record this time of a feBidsanopteris linearis (Burm.f.)
Underw.var. montana Holttum. This newly recorded variety is distributed in Tropical Africa, Asia and
Australia. At Khun Korn Waterfall Forest Park, this variety occurs on mountain ridges in rather dry
forests, at altitudes of about 950-1,300 m.

Expected Species

According to Flora of Thailandvolume lll, part 1-4 (Tagawa and Iwatsuki, 19798591988
and 1989), 155 species of ferns and fern allies were described from Chiang Rai Province. These
included 3 species of ferns, nameBolbitis tonkinenss (C. Chr. ex Ching) K. Iwats.
(Lomariopsidaceae)Anthophyum winittii Tagawa & K. lwats. (Vittariaceae) ar@yathea chinensis
Copel. (Cyatheaceae). These three species were only collected from Chiang Rai Province and it was our
intention to search for them. Unfortunately, they were not found during the collecting period though effort
was made to thoroughly seek them. However, it should be note@dhuiis tonkinensis (C. Chr. ex
Ching) K. Iwats. is one of the very rare species in Thailand since only one collection of this species was
made in Chiang Rai at altitudes of 550-950 m (Tagawa and Iwatsuki, 1988). Mearnthitghyum
winittii Tagawa & K. Iwats is also a rather rare endemic species, since it is known only from a type
specimen. A tree fernCyathea chinensis Copel.is also a rare species in this country. So far its
southernmost limit of distribution is in Chiang Rai Province (Tagawa and Iwatsuki, 1979).

Khun Korn Waterfall Forest Park is one of the mountainous areas where shifting cultivation is
still active. The Hill Evergreen Forest and Dry Mixed Deciduous Forest were strongly influenced by hill
tribes that conducted shifting agriculture in the past. For the present situation, it is fairly safe to say that
no part of the areas has recently been without human influence. In some areas, the hill tribes completely
removed the vegetation and replaced it with their cultivation, whereas in other areas some hills were
selectively cut of trees, burned, and pastured. The destruction of vegetation was much more permanent
in some places than in the othespecially in the hill-tribe villages, as shown wtiewas permitted to
return naturally. Due to the deforestation in the study area, it can be assumed that some species of
pteridophytes were extirpated as well as some other wild vegetation were completely cleared, probably
long before this study had been done.

New Discovery of Pteridophytes Distribution in Thailand

Among 154 species and 11 infraspecific taxa collected during this study, 79 taxa had already
been recorded for Chiang Rai (Tagawa and Iwatsuki, 1979, 1985, 1988 and 1989), whereas 86 taxa were
not recorded in Chiang Rai previously. Some of them are distributed throughout the country, such as
Bolbitis appendiculata (Willd.) K. Iwats.,Blechnumorientale L., andTectaria angulata (Willd.) C. Chr.

However, there are 14 species which had never been found in northern Thailand, and they are
noteworthy for their existence in the northern 8tid region. The first speciesAsplenium
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macrophyllum Sw., found in the eastern, south-eastern and peninsular floristic regions. It is
known to be distributed in the Tropics of the old world and extends northwards to Tonkin and Taiwan
(Tagawa and Iwatsuki, 1985). Hence the new distribution of this species in Thailand is still in agreement
with its present geographical distribution.

Another species ofsplenium, Asplenium perakense Metthew & Christ was recorded only at
Khao Luang, Nakhon Si Thamarat Province. Its occurrence in Chiang Rai is rather different from its
knowing geographical distribution as noted in Flora of Thailand (Tagawa and Iwatsuki, 1985).

A polypodaceous specieBelvisia mucronata (Fée) Copel., was found in Chanthaburi, Nakhon
Si Thamarat (Khao Luang), and Yala (Betong). Its familiar distribution is from Sri Lanka to Polynesia,
stretching out northwards to Vietham (Tagawa and Iwatsuki, 1989).

A filmy fern, Hymenophyllum acanthoides (van den Bosh) Copel., was recorded in Nakhon Si
Thamarat (Khao Luang), anhla (Betong). Its present distribution is from Indsia to New Guinea,
north to Taiwan. This new distribution of this filmy fern in Thailand is still in accordance with its noted
distribution (Tagawa and Iwatsuki, 1979).

An uncommon species of Khun Korn Waterfall Forest PBrkranopteris curranii Copel., was
previously found at Nakhon Nayok (Khao Yai), Ranong (Muang Laen), Trang (Khao Chongjaland
(Bannang Sta). Tagawa and Iwatsuki (1979) noted its present distribution in Malesia (type from Luzon).

Diplazium petri Tard. was formerly collected from Chanthaburi (Khao Soi dao, Pong Nam Ron)
and Nakhon Si Thamarat (Khao Luang). Its present distribution is in Indochina, Ryukyu and Taiwan.
Accordingly, occurrence of this species in Chiang Rai is in compliance with its noted geographical
distribution (Tagawa and Iwatsuki, 1988).

Diplazum simplicivinium Holttum was once recorded in Nakhon Rachasima (Sakaerat
experimental station), Kanchanaburi (Khao Ngi Yai), Uthai Thani (Ban Rai), Surat Thani (Klong Ton),
Nakhon Si Thamarat (Khao Luang), Phangnga (Khao Pok), Trang (Khao Chong), Satun, and Yala
(Muang Wing). Its present distribution is in Malaysia and probably in Borneo. This species seems to
have a wider distribution, extending northwards to the northernmost province of Thailand (Boonkerd,
1980; Tagawa and lwatsuki, 1988).

An epiphytic fern,Lepisorus suboligolepidus Ching, was previously found only in Loei (Phu
Kradueng). Its present distribution is in SW China and Taiwan. So its incidence in Chiang Rai is in
accordance with the published geographical distribution (Tagawa and Iwatsuki, 1989).

Pronephrium glandulosum (Blume) Holtum Was lately recorded only in Yala (Bannang Sata). Tagawa and

Iwatsuki (1988) noted its distribution in W. Malesia. Accordingly, Chiang Rai will be the northernmost
limit of this species.

Pteris tripartita Sw. was formerly collected from Nakhon Ratchasima (Kathok), Trat (Ko
Chang), Phangnga (Thap Put), and Yala (Betong, Kue Long Falls). This species is widely distributed in
the tropics, and extends southeast to Australia and Polynesia (Tagawa and Iwatsuki, 1985). The
presence of this species in Chiang Rai indicates a further extension northwards of its distribution which
had never previously been recorded.

Pyrrosia varia (Kaulf.) Farw. was lately collected from Nakhon Ratchasima (Pak Thong Chai),
Chanthaburi (Takhamao Falls), Kanchanaburi (Wangka), Nakhon Si Thamarat (Khao Luang), Phangnga
(Takua Pa), Trang (Khao Chong), Satun (Thung Wa), and Pattani (Bacho). Its present distribution is
throughout Malesia and it has been recorded from Polynesia (Tagawa and Iwatsuki, 1989). Khun Korn
Waterfall Forest Park is likely to be the northernmost station of this species.

A fern ally speciesSelaginella wallichii (Hook. & Grev.) Spring, was previously recorded from
Ranong (Nam Chuet), Surat Thani (Ban Kop Kaep), Nakhon Si Thamarat (Khiriwong, Khao Luang),
and Yala. Its published distribution is in South Myanmar, Indochina, Malaysia, Sumatra and Borneo
(Tagawa and Iwatsuki, 1979). So far, Khun Korn Waterfall Forest Park is the northernmost limit of this
species.

Another species of filmy fernJrichomanes bimarginatum van den Bosch, was previously
recorded from Surat Thani (Khao Nong), Phangnga (Khao Bangto), Nakhon Si Thamarat (Khao Luang),
Trang (Khao Chong), and Yala (Khao Kalakhiri). It is widely distributed in SE Asia and in Samoa and
Queensland, Australia (Tagawa and lwatsuki, 1979). So far Chiang Rai Province dappearthe
northernmost limit of this species.

Vittaria angustifolia Bl. was formerly recorded in Chanthaburi (Khao Soi Dao, Khao Sabap),
Nakhon Si Thamarat (Khao Luang), Trang (Khao Chong), Krabi (Phanom Bench&pglar{hao
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Kalakhiri, Bla Hat). Its present distribution is throughout Malesia, and extends eastwards to
New Caledonia (Tagawa and Iwatsuki, 1985). The result from this study indicates its northernmost limit
in Chiang Rai Province.

Among the 14 species mentioned above, their previous absence from northern Thailand may be
due partly to inadequate taxonomic studies in northern Thailand in the past. Moreover, some species
may have been wiped out from the mountainous areas of the north due to slash-and-burn agriculture,
which destroyed the forests, as well as the habitats of these plant groups.

Comparison of the Pteridophytes found in Chiang Mai and Chiang Rai

In the past, taxonomic study of plants in the north was usually restricted to some protected areas
in Chiang Mai,so the species number of ferns and fern allies innkKKorn Waterfall Forest Park was
compared with Doi Chiang Dao, Doi Inthanon, and Doi Suthep- Pui in Chiang Mai and Doi Luang in
Chiang Rai.

Doi Chiang Dao

Doi Chiang Dao is situated between latitudes 19° 21-"19° 27" N. and longitudes 98° 50°-98° 58"
E, and is about 65 km north from central Chiang Mai. It is an eastern outpost of the Upper Tenasserim
Range, situated on an almost flat, alluvial plain of about 350 m elevation in the broad valley of the Ping
River, covering an area of about 60%rm outline, it has steep slopes on all sides, topped by conical
peaks. In base plan, it has a horse-shoe shaped valley with very steep slopes and with three peaks
arranged side by side. The highest peak is about 2,200 m above sea level. The climate is similar to that
of Chiang Mai. The rainy season occurs from May to September, while the highest rainfall is in
September. The annual rainfall is about 1,300 mm. The cold and dry season occurs through October to
February, and the hot dry season is from March to April (Nanakorn, 1998; Smitinand, 1966).

Ninety eight species in 46 genera from 18 families of ferns and fern allies have been recorded
(Nanakorn, 1998). It was found that 87 of these 98 species are also recorded from this study. These
species comprised 80 species of fern and 7 species of fern ally.

Doi Inthanon

Doi Inthanon is a granitic massif rising to 2,565 m above sea level. It is part of the Thanon
Thongchai Range, a southern extension of the Shan Hills of Myanmar. The mountain and surrounding
area is about 272 KmSandy loam is the predominant soil on the mountain. Doi Inthanon experiences a
strongly monsoonal climate. The annual rainfall is about 2,000 mm, most of which is between May-
October. The coldest months are December and January when ground frost may cover the exposed
ridges near the summit and where a low of —8 °C has been recorded (Graham, 1991).

A total of 171 species in 67 genera from 24 families of ferns and fern allies has been found
(Koyama et al., 1986). Of these, 72 species of ferns and fern allies were in common with the species found
in Khun Korn Waterfall Forest Park. They include 62 species of ferns and 10 species of fern allies.

Doi Suthep-Pui

Doi Suthep (elevation 1,601 m above sea level) and Doi Pui (1,685 m above sea level) are part
of a geologically ancient ridge forming the western boundary of the Ping River Valley and covering an
area of 261 ki The bedrock of the park is almost entirely granitic. The park comprises deciduous and
evergreen forest. Annual rainfall of about 2,000 mm is recorded each year, mostly from May to October.
The dry season comes between November and March. The average annual temperature, recorded near
Phu Phing Palace, is 20 °C, with maximum and minimum average temperatures of 24 °C and 17 °C,
respectively (Graham, 1991).

One hundred and sixty nine species in 59 genera and 23 families of pteridophytes have been
recorded (Tagawa and Iwatsuki 1979, 1985, 1988 and 1989). Of these, 84 species of ferns and fern
allies, also occur in Khun Korn Waterfall Forest Park. They comprise 76 species of ferns and 8 species
of fern allies.

Doi Luang

Doi Luang National Park is situated between latitudes 19° 02°-19° 43" N, and longitudes 99°
297-99° 51" E, and is about 60 km south from central Chiang Rai. This park covers an area of 4,170 km
The elevation ranges from 400 m to 1,710 m at thmensiti of Doi Luang, but 86% of the park lies
below 1000 m. The climate is seasonal with a mean annual rainfall of 1270 mm at Phan District.
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Vegetation includes Mesic evergreen (4.6%), Evergreen/bamboo (9.3%), Deciduous/bamboo
(10.1%), Deciduous+evergreen (25.0%), Dry Dipterocarp (12.8%), Hill evergreen (5.5%) and Xeric
evergreen (3%) forests. Degraded areas, open areas and unclassified vegetation are also included and
covere about 29.7% of the whole park area (Anusarnsunthorn, et al., 1999).

Eighty seven species in 48 genera from 21 families of pteridophytes have been found
(Anusarnsunthorn et al., 1999). Of these, 47 species of ferns and fern allies are also found in Khun Korn
Waterfall Forest Park. They comprise 44 species of ferns and 3 species of fern allies.

Of the three protected areas in Chiang Mai, Doi Chiang Dao tends to share the same
pteridophyte flora as Khun Korn Waterfall Forest Park as evidenced from the common species found in
these areas. About 89 percent of pteridophytes occuring at Doi Chiang Dao also flourish at Khun Korn
Waterfall Forest Park. Geographically, these two sites are located in different mountain ranges, but
about 95 km apart. In terms of geological features, they differ, though calcareous soil can be found in
some parts of the park. Khun Korn Waterfall Forest Park houses a higher species diversity than Chiang
Dao despite its smaller area. This discrepancy in species number may due to the difference of habitats. It
can be postulated that Chiang Dao, as a limestone mountain, has a more severe environment for
pteridophyte life than Khun Korn Waterfall Forest Park.

Khun Korn Waterfall Forest Park and Doi Luang National Park are only the two protected areas
in Chiang Rai Province in which botanical inventories have been conducted. These two sites are about
60 km apart. Appendix 2 shows 47 pteridophyte species in common between these two sites. The lowest
species number of pteridophytes of Doi Luang National Park (Table 2) may be due in part to the lowest
annual rainfall of the five sites and to the vast degraded areas of the park.

Pteridophytes Diversity

To evaluate diversity of pteridophtes found in the parlgumber of species and genera of
vascular plants in some nearby protected areas was compiled. Table 2 shows comparisons, using
species/genus ratios of five protected areas in Chiang Mai and Chiang Rai. It can be seen that the
species/genus ratio for Khun Korn Waterfall Forest Park is 2.33, whilst the highest and lowest values
were observed in Doi Suthep-Pui and Doi Luang, respectively. The approximate values of species
/genus ratios for these five sites despite their difference in total areas, may indicate that Khun Korn
Waterfall Forest Park is one of the protected areas that is rich in pteridophytes diversity.

Table 2. Summary of pteridophytes diversity in five protected areas.

Protected area Geological Altitudes Total area Family Genus Species/
feature (m) (km?) Species genus ratio

Doi Chiang Dab Limestone 300-2,225 60 18 46 98 2.13

Doi InthanoR Granite 300-2,565 272 24 67 171 2.55

Doi Suthep-PL?i Granite 350-1,685 261 23 59 169 2.86

Doi Luangj1 Granite, 400-1,710 1170 21 48 87 1.81
Limestone

Khun Korn Granite, 625-1,635 18 24 66 154 2.33

Waterfall Limestone

Forest Park

Note:™ Nanakorn (1998) Koyama et al(1986)° Tagawa and Iwatsuki (1979, 1985, 1988 and 1988)sarnsunthorn et.§1999)

Miscellaneous Uses

In this study some species of ferns were recorded by a Thai herbalist as medicinal plants, for
example ‘wan kip raet’Angiopteris evecta (G. Forst.) Hoffm. Rhizomes of this fern are valued for their
fever reducing properties. ‘Wan kai noCjbotium barometz (L.) J. Sm., is another medicinal plant; the
golden hairs at the apex were used as a styptic for dressing wounds (see Boonkerd, 1996).

The young fronds of ‘kut kin’Diplazium esculentum (Retz) Sw are locally consumed as a
vegetable. The adventitious root from the trunkmfha sadam’Cyathea gigantea (Wall.ex Hook.)
Holttum, was used as orchid media (see Boonkerd, 1996; Tagawa and Iwatsuki; 1979, 1988).

Last but not least, the stipeslofgodium flexuosum (L.) Sw., L. polystachyum Wall. ex Moore
and L. salicifolium Presl are used commercially for weaving handicrafts such as handbags, jewelry
boxes, bangles, fans etc. (see Boonkerd, 1996).
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Conclusions

1. Khun Korn Waterfall Forest Park is one of the protected areas in northern Thailand that is rich in
vascular plant diversity.

2. Continuous site-specific survey and collection of plants resulted in finding more new species or
varieties.

3. New information on the geographical distribution of plants can be recorded.

4. Attempts should be made to encourage taxonomic studies of both vascular and non-vascular plants
in certain specific areas.
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Appendix 1. The Pteridophytes of Khunkorn Waterfall Forest Park. Abbreviations are as follows:
Habit: T= terrestrial herb; E= epiphytic herb; L= lithophytic herb; R= rheophytic herb.

Habitat: 1= Moist Upper Mixed Deciduous Forest; 2= Dry Upper Mixed Deciduous Forest; 3= Hill Evergreen Forest.

Abundance: R= rarely found; UC= uncommon; C= common; A= abundant.

Pteridaceae
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Family/Species Habit Habitat & Abundance
L ycopodiaceae
Huperzia hamiltonii (Spreng.) Trevis. E 3,uUC
Lycopodiella cernua (L.) Pic. Serm. T 2,C
Selaginellaceae
Selaginella amblyphylla Alston T 1, UC
Selaginella ciliaris (Retz.) Spring T 1, UC
Selaginella delicatula (Desv. ex Poir.) Alston T 3,C
Selaginella helferi Warb. T 2, 3, uc
Selaginella inaequalifolia (Hook. & Grev.) Spring T 1, uc
Selaginella involvens (Sw.) Spring E 3, uc
Selaginella kurzii Baker T 2,3,UC
Selaginella lindhardii Hieron. T 1,3,UC
Selaginella minutifolia Spring T 1, 2.UC
Selaginella monospora Spring T 1, uc
Selaginella pennata (D.Don) Spring T 2, 3, uc
Selaginella tenuifolia Spring T 1, UC
Selaginella wallichii (Hook. & Grev.) Spring T 1, uc
Equisetaceae
Equisetum debile Roxb. ex Vauch. T 1, UC
Marattiaceae
Angiopteris evecta (G. Forst.) Hoffm. T 1,C
Ophioglossaceae
Botrychium lanuginosum Wall. ex Hook. & Grev. T 3,R
Ophioglossum petiolatum Hook. T :I_Y C
Hymenophyllaceae
Hymenophyllum acanthoides (Bosch) Roscenst. L l, uc
Hymenophyllum exsertum Wall. ex Hook. E 3,uUC
Hymenophyllum polyanthos (Sw.) Sw. E 3,C
Trichomanes bimarginatum Bosch L l, uc
Gleicheniaceae
Dicranopteris curranii Copel. T 2, uc
Dicranopteris linearis (Burm.f.) Underw. var. linearis T 2, 3, C
Dicranopteris linearis (Burm.£.) Underw. var. montana Holttum T 2, UC
Schizaeaceae
Lygodium flexuosum (L.) Sw. T 1, 27 3; C
Lygodium polystachyum Wall. ex T. Moore T 1, 2Y 3, C
Lygodium salicifolium C. Pres] T 1,2,3,C
Dennstaedtiaceae
Hypolepis punctata (Thunb.) Mett. ex Kuhn T 3, uc
Microlepia calvescens (Wall. ex Hook.) C. Presl T 3, C
Microlepia speluncae (L.) T. Moore T 1,2,3C
Microlepia strigosa (Thunb.) C. Pres] T 3,C
Preridium aquilinum (L.) Kuhn var. latiusculum (Desv.) Underw. ex A. Heller T 3,A
Preridium aquilinum (L.) Kuhn var. wightianum (J. Agardh) R.M. Tryon T 1, 2, 3, C
Preridium aquilinum (L.) Kuhn var. yarrabense Domin T 2, 3, C
Dicksoniaceae
Cibotium barometz J. Sm. T 1,23C
Lindsaeaceae
Lindsaea ensifolia Sw. T 1,2,3,C
Sphenomeris chinensis (L.) Maxon var. divaricata (H. Christ) K.U. Kramer T 2,R
Cyatheaceae
Cyathea gigantea (Wall. ex Hook.) Holttum T 1, uc
Adiantaceae
Adiantum caudatum L. T 2, ucC
Adiantum philippense L. T 1,2,3,A
Cheilanthes belangeri (Bory in Belang.) C. Chr. T 2,C
Cheilanthes tenuifolia (Burm.£.) Sw. T 2,C
Pityrogramma calomelanos (L.) Link T 2,C
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Preris aspericaulis Wall. ex. J. Agardh
Preris asperula J. Sm.

Pteris biaurita L.

- -

3,UC
1,UC
1,2,C

Appendix 1. (cont.)

Family/Species

abit Habitat & Abundance

Pteris linearis Poiret

Preris longipes D. Don

Pteristripartita Sw.

Preris venusta Kunze

Pteris wallichiana J. Agardh

Pteris vittata L.
Vittariaceae

Antrophyum callifolium Blume

Vittaria angustifolia Blume

Vittaria sikkimensis Kuhn
Aspleniaceae

Asplenium macrophyllum Sw.

Asplenium nidus L.

Asplenium obscurum Blume

Asplenium perakense B. Mathew & H. Christ

Asplenium unilaterale Lamk.

Asplenium yoshinagae Makino
Blechnaceae

Blechnum orientale L.

Brainea insignis (Hook.) J. Sm.
Woodwardia japonica (L.f.) Sm.
L omariopsidaceae

Bolbitis appendiculata (Willd.) K. Iwats. subsp. vivipara (Hamilt. ex Hook.) Hennipman

Bolbitis heteroclita (C. Presl) Ching

Bolbitis sinensis (Baker) K. Iwats. var. costulata (Hook.) Tagawa & K. Iwats.

Bolbitis virens (Wall. ex Hook. & Grev.) Schott var. virens

Elaphoglossum stelligerum (Wall. ex Baker in Hook. & Baker) T. Moore ex Alston & Bonner

Elaphoglossum yoshinagae (Y atabe) Makino
Lomagramma grossoserrata Holttum
Woodsiaceae
Athyrium dissitifolium (Baker) C. Chr.
Diplazium esculentum (Retz.) Sw.
Diplazium leptophyllum Baker ex H. Christ
Diplazium muricatum (Mett.) Alderw.
Diplazium petri Tardieu
Diplazium polypodioides Blume
Diplazium siamense C. Chr.
Diplazium simplicivenium Holttum
Kuniwatsukia cuspidata (Bedd.) Pichi-Serm.
Dryopteridaceae
Arachniodes henryi (H. Christ) Ching
Dryopteris cochleata (D. Don.) C. Chr.
Pteridrys cnemidaria (H. Christ) C. Chr. & Ching
Polystichum attenuatum Tagawa & K. Iwats.
Tectaria angulata (Willd.) C. Chr.
Tectaria devexa (Kunze ex Mett.) Copel.
Tectaria fauriei Tagawa
Tectaria fuscipes (Wall. ex Bedd.) C. Chr.
Tectaria impressa (Wall. ex Hook.) C. Chr.
Tectaria polymorpha (Wall. ex Hook.) Copel.
Thelypteridaceae
Amphineuron terminans (J. Sm.) Holttum
Christella arida (D. Don) Holttum
Christella crinipes (Hook.) Holttum
Christella dentata (Forssk.) Holttum
Christella papilio (C. Hope) Holttum
Christella parasitica (L.) H. Lev.
Christella siamensis Tagawa & K. Iwats.
Christella subelata (Baker) Holttum
Cyclosorus hirtisorus (C. Chr.) Ching

Macrothelypteris ornata (J. Sm.) Ching
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Macrothelypteris torresiana (Gaudich.) Ching
Pronephrium asperum (C. Presl) Holttum
Pronephrium glandulosum (Blume) Holttum

Pneumatopteris truncata (Poir.) Holttum

1,UC
1,2,UC
1,UC
1,C

=4 =4 444

Appendix 1. (cont.)

Family/Species

Habit Habitat & Abundance

Pronephrium lakhimpurense (Rosenst.) Holttum
Pronephrium nudatum (Roxb.) Holttum
Davalliaceae
Araiostegia pseudocystopteris (Kunze) Copel.
Araiostegia pulchra (D. Don) Copel.
Davallia trichomanoides Blume var. lorrainii (Hance) Holttum

Davallia trich ides Blume var. trich

Humata repens (L. f.) J. Small ex Diels

Leucostegia immersa C. Presl
Oleandraceae

Nephrolepis delicatula (Decne.) Pic.-Serm.

Nephrolepis falcata (Cav.) C. Chr.

Oleandra undulata (Willd.) Ching
Polypodiaceae

Aglaomorpha coronans (Wall. ex Mett.) Copel.

Arthromeris amplexifolia (H. Christ) Ching

Belvisia mucronata (Fée) Copel.

Belvisia henryi (Hieron. ex C. Chr.) Raymond

Colysis pothifolia (Buch.-Ham. ex D. Don) C. Presl

Crypsinus cruciformis (Ching) Tagawa

Crypsinus oxylobus (Wall. ex. Kunze) Sledge

Drynaria bonii H. Christ

Drynaria parishii (Bedd.) Bedd.

Drynaria propingua (Wall. ex Mett.) J. Sm. ex Bedd.

Drynaria rigidula (Sw.) Bedd.

Goniophlebium amoenum (Wall. ex Mett.) J. Sm. ex Bedd.

Goniophlebium argutum J. Sm. ex Hook.

Lemmaphyllum carnosum (Hook.) C. Presl

Lepisorus contortus (H. Christ) Ching

Lepisorus heterolepis (Rosenst.) Ching

Lepisorus nudus (Hook.) Ching

Lepisorus scolopendrium (Buch.-Ham. ex D. Don) Mehra & Bir

Lepisorus subconfluens Ching

Lepisorus suboligolepidus Ching

Leptochilus decurrens Blume

Loxogramme chinensis Ching

Loxogramme involuta (D. Don) C. Presl

Microsorum membranaceum (D. Don) Ching

Microsorum pteropus (Blume) Copel

Microsorum punctatum (L.) Copel.

Microsorum rubidum (Kunze) Copel.

Microsorum zippelii (Blume) Ching

Phymatosorus cuspidatus (D. Don) Pic. Serm.

Platycerium holttumii Jonch. & Hennipman

Platycerium wallichii Hook.

Pyrrosia adnescens (Sw.) Ching

Pyrrosia lingua (Thunb.) Farwell. var. heteractis Hovenkamp

Pyrrosia lingua (Thunb.) Farwell. var. lingua

Pyrrosia mannii (Giesenh.) Ching

Pyrrosia mollis (Kunze) Ching

Pyrrosia nuda (Giesenh.) Ching

Pyrrosia stigmosa (Sw.) Ching

Pyrrosia tokinensis (Giesenh.) Ching

Pyrrosia varia (Kaulf.) Farw.

T 1,2,3¢C
T 1,2,A
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Appendix 2. Pteridophytes in common between Khunkorn Waterfall Forest Park and Doi Luang National Park, Chiang Rai.

Family/Species Habit
Selaginellaceae

Selaginella helferi Warb. T

Selaginella minutifolia Spring T
Equisetaceae

Equisetum debile Roxb. ex Vauch. T
Schizaeaceae

Lygodium flexuosum (L.) Sw. T

Lygodium polystachyum Wall. ex T. Moore T

Dennstaedtiaceae
Microlepia speluncae (L.) T. Moore T
Pteridium aquilinum (L.) Kuhn var. wightianum (J. Agardh) R.M. Tryon T
Dicksoniaceae

Cibotium barometz J. Sm. T
Lindsaeaceae

Lindsaea ensifolia Sw. T
Adiantaceae

Adiantum philippense L. T

Cheilanthes tenuifolia (Burm.£.) Sw. T
Pteridaceae

Preris biaurita L. T

Preris venusta Kunze T

Preris vittata L. T
Aspleniaceae

Asplenium obscurum Blume L

Asplenium yoshinagae Makino

Blechnaceae
Brainea insignis (Hook.) J. Sm. T
Woodwardia japonica (L.f.) Sm. T
L omariopsidaceae
Bolbitis appendiculata (Willd.) K. Iwats. subsp. vivipara (Hamilt. ex Hook.) Hennipman L

Bolbitis virens (Wall. ex Hook. & Grev.) Schott var. virens

W oodsiaceae

—

Diplazium esculentum (Retz.) Sw.

—

Kuniwatsukia cuspidata (Bedd.) Pichi-Serm.
Dryopteridaceae

Arachniodes henryi (H. Christ) Ching

Dryopteris cochleata (D. Don.) C. Chr.

Pteridrys cnemidaria (H. Christ) C. Chr. & Ching

- = - -

Tectaria impressa (Wall. ex Hook.) C. Chr.
Thelypteridaceae

Amphineuron terminans (J. Sm.) Holttum

Christella crinipes (Hook.) Holttum

Christella parasitica (L.) H. Lev.

Christella siamensis Tagawa & K. Iwats.

Christella subelata (Baker) Holttum

e I I I

Pronephrium nudatum (Roxb.) Holttum

Davalliaceae

m

Humata repens (L. f.) J. Small ex Diels
Oleandraceae

Oleandra undulata (Willd.) Ching T
Polypodiaceae

Aglaomorpha coronans (Wall. ex Mett.) Copel. E

Crypsinus oxylobus (Wall. ex. Kunze) Sledge E

m
.

Drynaria bonii H. Christ

Drynaria propingua (Wall. ex Mett.) J. Sm. ex Bedd.
Drynaria rigidula (Sw.) Bedd.

Goniophlebium amoenum (Wall. ex Mett.) J. Sm. ex Bedd.
Lepisorus nudus (Hook.) Ching

Microsorum pteropus (Blume) Copel

Microsorum punctatum (L.) Copel.

Platycerium wallichii Hook.

Pyrrosia adnescens (Sw.) Ching

Pyrrosia lingua (Thunb.) Farwell. var. lingua

mmmTMmim?2@DOmMmimimm

Pyrrosia stigmosa (Sw.) Ching

Abbreviations are as follows: Habit: T= terrestrial herb, E= epiphytic herb, L= lithophytic herb and R= rheophytic herb
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Abstract: Taxonomic Studies on some Plant Familiesin Thailand

Taxonomic studies oRolyalthia, Clerodendrum, Vitex, Phyllanthus and Trigonostemon in Thailand,
on Eriocaulon and Polygonum in the northeast and on Commelinaceae, Poaceae and Zingiberaceae in
Phu Phan National Park were conducted between 1996 and 2000. Specimens were collected and
studied. We recognize 28 speciesPmlyalthia, 35 inClerodendrum, 16 inVitex, 34 inPhyllanthus, 13
in Trigonostemon, six genera and 21 species in Commelinaceae, 57 genera and 89 species in Poaceae
and 9 genera and 45 species in Zingiberaceae. Keys, descriptions and ecological information are
provided for all taxa. Three species are new to scieBuesenbergia baimaii S. Saensouk and Larsen,
Eriocaulon pseudoescape A. Prajaksood and Chantar. alRdyllanthus chayamaritae Chantar. Nineteen
species new to Thailand have been found and another 23 species are expected to be new species. Pollen,
anatomy, chromosome and numerical taxonomy were studied in some plant groups. The data provide
both good and not good evidence for classification in each group.

Key words: Polyalthia, Clerodendrum, Vitex
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Abstract: Zingiberaceae of Thailand

Zingiberaceae is an important natural plant resource that provides many useful products for food,
spices, medicines, dyes, perfume and decorative items. It is one of the largest families in the plant
kingdom, comprises approximately 50 genera and 1000 species and has its center of distribution in
Southeast Asia. More than 21 genera and 200 species are now recorded from Thailand. The taxonomic
knowledge of Tha Zingiberaceae is scarcely known. However, in recent years more studies on this
family have been achieved and several new taxa have been described. The genera which have been
revised include Boesengia (17), Caulokaempferia (5), Geostachys (3) and Kaempferia (16). Three large
genera, Curcuma (~50), Hedychium (~20) and Zingiber (~40), are under revision. In this paper, the
species diversity of each tribe including descriptions and distributions are discussed. Photos of some
species are also presented.

Key words: Zingiberaceae, Thailand, diversity
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A &a . . | o @ a o & Aada € & <
N1196T4 (Zingiberaceae) (uunssdidvasnfanmrisInm ANty lomidouysdoinnn Ny
A o @ A o Ao A ° o o oA a P
Aanlidua1mns weesna s13nslsn #aw 1a3add019 wantduliuszauiNaanuasny Snausiion
33nnud wazthanlguselomiaounswanonialan wgu 499 (Zingiber officinale Roxb.) autaiduiantidsunld
Uszlombduiananosasduiug? ﬁqLﬂuméaqmmﬁmLLsﬂa”mmfuaaﬂﬁ‘*maqiiﬂj{n uanmnaﬂ%ﬂ‘gﬁa
2IMILATLATBIANLAY TeIauTolTInEnlsn lananoaiia viu lsanda lo Uravias Judesniay wazlunsu
1udn 18w (Curcuma longa L.) 1wa3asinandangesriduwdsussdszinaunuiaifoasivaaniieale 1o
Wudulsznaudayuasaionns adan tn3add1a09 wazsnmlsanaiesia 11w withariad o959 duaw
o A A o ¢ a o ¥ o v o o A A
wwRea wazineanulsagiunda Wudu ludstulszmalneldWamnamswusionassiialuana Curcuma
& [l { v QJ 1 a U 1 1 U 1
Tafiteaanfiarsnuuazainu idulddszdveangaaauazidufudrdsaandridszinadis ou Unuwn
(Curcuma alismatifolia Gagnep.) Aariae (C. parviflora Wall.) WWSIAN (C. thorelii Gagnep.) wazt lniam (C.
rhabdota Sirirugsa and Newman) tudu wudWmddaduimiasegianday b
A [ A A " AN va A & Ao ¢ A Y
unanueIny ‘wisairsdiaedlng & ldisousosdulasdiaguasdifoinounidayalu
A ca o o 4 @ = A e o A da
nmwrsaanTRTdiiinuludszinalng anuiinifenunsfnsfsdi Suwuanausziiand
mMsdansnas ldussonalaste miﬂszmywvmf NIDNGIAIWUITLNOUVBINTAIDEN1ILIITRAA dI1
Nuazduagaulamannduaiiindulannenasdedendnngegluunanai

L o = £a
anﬂm:ﬂﬂﬂ‘ﬂmwma A9

A ea L. o A g A Ada o ¢ & o ) A A
WDIIEAU (Zlnglberaceae) ﬂﬂLﬂ%ﬂQNW"EIULaﬂdLﬂU']ﬂN?qwuqﬂqifﬂG?ﬂﬂﬂuﬂ aﬂ‘iﬂms'ﬂﬂﬂﬂa L'ﬂuw"ﬁ

'
[ a

sugnnfengylenaiung (perennial herb) fsnduldauuuylsloy ﬁmmsnl’ﬁ‘umaﬂ"uﬂﬁdm Saunitadmdn
fduiiion (pseudostem) AtAiaanmululeudauru sanaaniute lassaivasnandsznaudas nAULEE
(sepal) wraLin liiazqaan nasudunaan assdasuonidu 2 wia 3 uan nfuaen (petal) waauidunaaa
iwaeny asslasusnids 3 wan dnidunduieasn inasag (stamen) i A iAo 1 8 mmﬁ’s@ﬁ
Lﬂu%m"’umﬁuuLLﬂaagﬁi’N"Lﬂﬂa’mr]ﬁmﬂan \3un91 lateral staminodes $1wI% 2 iy (WIaenvnazUnily)

waztfoulUidunduiin (labellum %3a lip) SansazasunivasnizwdoInudn 1 ndu wazdusiunfaua
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InjNgavasaan mmJﬁﬂuuﬂmﬁmﬁ'wmmwaqma‘sé”njﬁﬂuﬁﬁuﬁ ledinaonguijefurslilu Holttum
(1950) 334 (ovary) § 3 anfiwa 0198 3 a9 wiaTesdsd Taaniwa (stylodes) \inaginitasly wauanled
WU capsule w38 liLANLUL berry ﬁlfﬁaﬁﬁﬁﬂﬁwam:mﬂﬂszmagﬂvﬁvlﬂlunﬂﬁ'sumaawd’ﬁ Tagiawizognsds
Tulslowazdunnninsiniu sevnliioediadnduamsswdusnwaeidufaunsadin duiolu st ldviud
ﬁmaﬁﬁmaufuaglflun“ﬁmmﬂ%”au%u guinavzasunainiznowutagluaiaifoariveanidosld aadind
aglulanyszanm 1,000 zfia lu 50 ana (Dahigren et al., 1985)
N3ARIALRAI AN VBIRL AT
Reddssnansosuunleiin 4 tibe snwaiduuaILAas tribe 639 (Smith, 1981)

Alpinieae : 1) nm%'mﬁ"maﬂuagi’Luumsﬁmanu%‘[mm

2) Lateral staminodes aajUaunduuwaianinnniaaranyly

3) 591l 3 a9 WalTUANTALUNUIIN (axile placenta)
Globbeae : 1) maspvaslusilitaauinawn wieasaniulslo

2) Lateral staminodes tJuuHuasanauaan (petaloid) wonidudaszarnnaudan (lip)

3) munasd (filament) asniuazldndoauoy

4) s9ladveadsn wasuaauuwiazdy (parietal placenta)
Hedychieae : 1) n13i3usaazasluagluuwivminuiylslaw

2) Lateral staminodes (Juuduaaaniuaan wonidudaszannavulin

3) 391l 3 To9 waTUaTOLLAUIIN WIaTI LN TaAen WanlTUaN JoUuAY

(free—central placenta) AIDNRLTUMTOUUNUAIN (basal placenta)

Zingibereae : 1) muSpsvasluaglunwwivwunylsloy

2) Lateral staminodes (uurnaseniuaen wazidendanunaulin

3) $9lUd 3 Fas waTUATALUAKTIN

@ '

4) MulnasaaLily (style) asnunitaduiInkunn uazaznnyinagens anther—crest

9 U
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TBYANNFAUANURAINHAE u,a:agﬂmﬁmwuaoﬁ'maﬁﬁﬂuﬂixmﬂmﬁh awﬂdnvl,ﬁ'hﬂ'aj"ﬁ'u
Wowan ANwan Larsen (1980) "L@i”ﬁﬁmﬁwammﬁmﬁ'umsa‘imuﬂaqa WU IAUITINUANBULYDIANA
yoaRafdsuadlng lunsas “Natural History Bulletin of the Siam Society” G9la@nuwianiialnivasland
wulndsznalnganudmassie uaslud a.0.1996 ldiauensnudasduisriunedeiorddludszina
lny Geanainfidszanm 200 wia lu 21 ana ﬁfudmﬂwﬁagaﬁﬁﬂsﬂwﬁ@iamsﬁﬂmﬁmo?fﬁwaﬂmiu
ﬂ%]@u”ul,ﬁua 91N msﬁﬂmﬁma%ﬂmﬁmwaaw"”mw’?@aU”avl,ajl,a%amgmiﬂ%'wﬁ Fedelaimunsndnunly
Mimanssacliszdntueslng wie “Flora of Thailand” 'lef aghslsfiany aannsdnwnagnsdaiiiolasin
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1. Tribe ALPINIEAE wuluszinalnaudasszanm 8 ana
.. ' Ao a = ea ' ' A a a A

1.1 Alpinia (8na1) Wusnandswnsfiaannananisnasnsdds sulwgaswuainnuoy sadde ulailide

wazuaiiiien anatdiszina 250 oila madludsandlnofidszanm 20 siia Magwiwululszmelng
A X e b . oc . -
1.1.1 Alpinia conchigera Griff. (1181) vouduaglufilas nsznewudagluanaidy uazduds lu

UsznalnowulauSaiuans wsavauthausu uizanaziaandumaian wanau agniiiuaise ua
3 =1 U 1 6 a a U U s
Wdin Sidukugugnansdszana 7 fafwas leloulgudlsaladeaniay
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1.1.2 A. galanga (L.) Willd. (11) dgnasuwinmsmdsznauidunaimimwia unidsznalunou
dsazineanidudld lanudusiianuiuan éwﬁumﬁaﬁugaﬂizmm 1-2 LUAT TaNaN2aNATILAN LAZAI
P o A '
a3t aanfifn lslawldiduialesnadysudsenns uazdumayulng
1.1.3 A. javanica Blume (Jufriuiiiosmasuniady nazaewut lddunzamn uazguan Tudsuna
a VA v o v l a il a =1 il
InswuuSahsusesmald ddugs 2-3 1wy Feaensanasiven Juwalny ndvihndvwalng vau
2717 VS NaNSLHUNREN LLasﬂizﬁaﬂﬁgmLLas%ﬁum
o ' & { I
114 A. mutica Roxb. (Ua) niznrewudagluauayniuay savduluiigy ludsinelnawuna’ly
v A 5 . H o X a
lasiawzlumald uSimalas veuth duwdune gevszanm 1-2 was luuauiSed nAuauuuss aenua
Ing) nfuaanfu nuthnuas uazeafinias wagniau
, & A . . .
1.1.5 A. zerumbet (Pers.) Burtt and R.M. Smith iJuizsAuLdasvasduifoaziuaanidaaniio win
wazdulodu ludszinalnawufignouwuism@ianan a.g9u 0l dugetzan 2 Lwas Teaanaanasiven
1dwe aandautnalng nduaaniyni nAulnAuasuauinaad

'
d

116 A. aff. rafflesiana Wall. WUl 84009 9.0287 danBMzATIBASINL A raflesiana 71 Wallich Lo
wssneld udsifanwaAnandanude Arrfaiidnduaondun uwnuiendudsuedinfiatnadu wonanin
Tanssiaaanduihnddnsazansiude i “auide” asuSinmgu dntu Sadasdinmndaluhiisiazdurdie
Insinsald

1.2 Amomum L. (81aN3211%) Lﬂuﬁqaﬁﬁﬁ‘hmumﬁﬂmnﬁﬂaqawﬁwao’m@?"'ﬁa 213du1nnin 150 vha lu
ﬂizmﬂ‘l‘nUﬁ'ﬁaqaﬁﬁa"l,xi"l,@i”ﬁn'ﬁﬁﬂH'mumu anaiwuleUszanm 1520 wiia 181529 # mEe uazame
(2543) 5'1mm’j'lwuﬁmqaﬁhﬂwaﬁm-mm $ruan 7 iia sregeinuludsainalng

121 Amomum aculeatum Roxb. nyzanuwutagluuiaidy imzguian uazdwds ludsnalnowy
Tunald dunitadunanidune seaaniasyanlsloulndgusesidu fMutedu aandesamunuuiud
snwuzAautronay snwuziania aanswmidunsulnifndssauduan fyauazidutszfuas uazlduduge
an wagniudszmuld

122 A. bifforum Jack Wuassuwsnidis suaide ns:mUw”mfﬁ";vLﬁmamﬂmﬁa“uaammuﬁa Uaz
malduasdsznelng susniuunissiiedisosnsmedeluitas lsloudaudronanung susrsvasufon
douthn drudanslusniadews deaendsznaudisaaniies 2-3 aan dunduthndfenn Sunufindern

NANANNENIVBINAULRZYWILAILLTUTLAS
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¥ =]

123 A. hastilabium Ridl. \Junoviasduvasnnarids ludsanalnonwuluaald aud 2.033 8
TULAW N B-NLALTe ﬁwsﬁ”umﬁaﬁuga 2.0-25 LWAT TOABNBANINALAUAL LAUABNEY %’aﬂi:@”ﬂﬁmanﬁﬁ
1A 9aniFEYY FRTUNALUNNEITLALARABIUTIUNAILEY Vauradndutndanwasdaunddduaan

Py a '

1.3 Elettariopsis Bak. (snaia&) anaftenadalaijannuuwinansinludsuinelng unssfialuiinduads

v Aa a ° A A X ¥ A ° =y S X P a &
waan aurissdudsnihlusfiafinduimgn wiadlaiminunuuusan woldmlludhduguvesanuayns
v e waznaldvastazinalng nesnaduszanm 10 siia ludszinalnoonanwuld 4-5 fia dratdsnnuly
Usznalng vou
. . . .. A & oA A & Aa o A

1.3.1 Elettariopsis curtisii Bak. .U tWwL 83209018408 wuasawsnndng lwdszinalnowuuSiom
Auasvasthavsusesnald lslounenung drdwniladudsznovadinly 15 lu gedszunm 20-30
wudiuas gaaanaaniinlsloulndgiusasirdu Jfndes ludnduauadsuusan adlsfiony wuiissiie
Fax X . a e .
andulusnsnuion lidnduaudindfild

1.3.2 E. smithiae Kam nizanowuslunuaife uazmaldvesdszinalny danszadiony E. curtisi
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wdluffdodn uazadninann Asanaldgaian mululaudauiuuiu duwitadulsznaudely 3-8 lu ga
aanaanlnagiuian aandmnias nduthnazuaunitsiiausn
1.4. Etlingera (Giseke) R.M.Smith (Fan1an) ﬁmqﬂaﬁtﬁéﬂ@Tumﬁaé?mmﬂumm@slmyﬂ'haqa5%6] Tu

29614 913d6ugs 5-6 LWaT Burtt and Smith (1986) Vl,ei”ﬁ,'laqa Achasma, Geanthus W& Nicolaia 31570N 0%
8NA Etlingera ﬁg\‘iaqaﬁﬂizmm 60 19ia ludseinalng Ti8a wazAme (2543) T8I §1329NL 16 Tia 11
1a1a1-u1a1 war Maknoi (2001) a3 esdtiuTii e ouaulns-vuaide I 2.0za0 wazuning
FeNWIND 10 The sragefinuludszinalng wu

1.4.1 Etlingera corneri J. Mood and H. Ibrahim fausndialuviaids usznaldvaslsznalng
J. Mood and H. Ibrahim (2000) 'ldussensusziauaiduiizaiialnsivalandos g il laedethsfoduuuui
N 2 uBNE Muganans 9y udeuss aendesdsilszeuiuaiansasit Fosoadautuuinununuaani
é(guuama”m@aﬂqﬂmu Wnlilssauiansa

1.4.2 E. hemisphaerica (Bl.) R.M. Smith (N"M%A81¥iad) %a'ﬁaa: Nicolaia fulgens (Ridl.) K. Larsen n3z318

[ 1

witadludulafide s uszmaldvasdsanalng rdwnilodu goldt 5 was anensandrudrsvasi
fu IMutasnIdd 1 1Nas LAUTaaana® aanNiSustannudilanuusaaudininay 52U5a0 wazndulnid
WA

1.4.3 E. littoralis (Koenig) Giseke (Q@ﬂﬂdﬂﬂ) Tawes: Achasma megalocheilos Griff. ns:ﬁrmw”mfag_ﬂu

- o A a A a X < a - P A A R

vSnmmaldvastdszmalng aaide uazdulafids JunalUuSmwuaszasthduan mmumua@ugﬂ@m 3
way luvwnalwgjeafls 80 iBudiuas uaznitefis 15 1uGuas teaandiugasu deagldau Mumsdiusng
YDITD I ﬁaﬂmﬁu@aﬂmuﬁ@aguuﬁaﬁu NAUUNARLAIRIN BIaRLAIVALLAR DY 1u1°ﬁtﬁummgu"lw5 Tay
ﬁmw‘huﬁag@'ﬁ TR0 11

1.4.4 E. maingayi (Bak.) R.M. Smith (ﬂ:m“’fl‘LLu’J) Fawas: Nicolaia maingayi (Bak.) K. Larsen n3z31¢
a 6 Il a a a A a a U 0 Gl U =3 =1
wugaglumtmsﬁﬂ duladiide duldy warnialdaauarszasdszinalng Nodusuuiiuanidadnzaznizas
LGy AduniloAugilzanm 2 was Fananaanantskoy Fanusaunitadn fMutaaanyidszunm 30
LTUALNAT Tananiaandanituiy Aaud4nay NAUUNNAFUITLAIRG HATLAI FILNRE

1.4.5 E. metriocheilos (Griff.) R.M. Smith JaWad: Achasma phaerocephalum (Bak.) Holtt. n3¥318
W’unf‘l.uml,ms?m fuldy wazniabdvasdssinalng dduniladugitszunme 5 a3 saaensnyzunm 15
LTUALUAT Naaglﬁﬁu Tuaniaduianzsiulansds Januumsiauda 310Ul Fuadty Juu vaainasaLdy
aA U = o
fRuastuLNaum

1.4.6 E. punicea (Roxb.) R.M. Smith TaWad: Achasma puniceum (Roxb.) Loes. ﬂi:ﬁ]’lslwyufag:slum’l:
GEREERIIH ludsznalnawunhanar-unan a.umnsng fdwnitadugis 3 13 Fananaane utnalng
AU Mutatiesnaa lWUwARGAY s1Uszan 5 L Euduag fyunquniuiis navihniianyuzasutau §u
MudFuasvauinaad sndanoNdunHuifuas wazdidunanifiniad

1.4.7 E. venusta (Ridl.) RM. Smith TaWa4: Nicolaia venusta (Ridl.) K. Larsen n3zanuWusatiuw
ANUEYNTNIANY wazludsznalnowundranan-unan .43 s dduniladugs 3-5 Luas Tananiiuaen
872 60 LTUALNAT nIandniu LlszauFTY SeTaunuuin vligenandansmenay SHUszaudaudnelIy
laAgnde deansivay wandulilszeu aaeanldaun

1.5 Geostachys (Bak.) Ridl. (anayaiuty) Wrana@fdvszunm 19 ofla nazaveglusiade no uas
dulaihifo wuannluanaids 49 Holttum (1950) ldduiinli 12 afia lulszinalnofied 5 ofia lddnm
. . g - . X A v , .

nunulas Larsen (1986) AnUziduBINTENAkAD Vl,ﬂsnum@agmﬁawmu WazilTINAN9U (stilt roots) 2
= o & a A A -4 A o ' A '
falalounuiudu uazduisivaudulufigungs Mmeadvnwuludszinalng gu
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1.5.1 Geostachys angustifolia K. Larsen Wuﬁ 29N (L’JJ']WE]GI’ma’NLLﬁ"J) Lm:‘ﬁl LUATAITITUINT
(ENEUURITIALLIMA) Larsen (1986) IetianadsduRnoiialmi lagldaasnefinduuuuan 2. W Augs
Uvzanme 60 LFuALLAT "Lﬂsﬁuﬁsméwgu Tananaanmuing Tanuian uazaananladsand aandfinisisan
winnduhndiadszauas

1.6 Hornstedtia Retz. ﬁ"mqaﬁﬁﬁwﬁumﬁaﬁuuaﬂwm@lmy'ﬂﬁwuaqamvxm LARIUVDINDNITUANG
% I@mmww:nﬁuﬂmmaoaqaﬁamﬂu 217 uazdinazeay wuannluusnahduusesuiafe uaznszany
uSmmaldvasdsznealng ﬁﬂuaqaﬁﬁﬂs:mm 35 wiia ludszindalnoananyledUszanm 4-5 wia daothsi
wuludszinelng 1w

161 Hornstedtia conica Ridl. Wudsiuiiasasunads lulsnalnawuivsnsmeouanlng-
By 1.unine dduniladn gatszanm 3 was liloueiy genansanduiiiuInmgusasidu 3
afanszay SaUsaudeudnauds Taugouruusin aondnduthnian JUTIHBNLAZENY FTUNBN

1.6.2  H. leonurus (Ridl) Ridl. nsznswuslusnaide uaznmaldvesdszinalng vom a.uinine
fdwnitadu 9049 4 AT ﬁaﬂamﬂaglﬁﬁmﬁauﬁmmﬂa@ AaNAFUAILT

16.3 H. ophiucus (Koenig) Retz. lslaaudansnelal ﬁ'ﬂﬂamgaﬂaglﬂﬁﬁaﬁu fdugolszanm 3 was
TeaandizUiaaenzaiy '%v'aﬂs:@”ugﬂ"l"ﬂﬂﬁ”w Betouwniiibn aandnautnFuasuaun?

1.7 Pommereschea Wittmarck Liusimuiasvasnain ludsznelnefifossfiodionda Pommereschea
lackneri Wittmarck wuﬁu’%nmmﬁuﬂ“u aaedan lag Larsen (1973)

1.8 Siamanthus K. Larsen and J. Mood Lﬂuaqaﬁvl,@ﬁ'umsmua@ﬁLﬁuﬁwaqaiwajmaaiaﬂiuﬂ f.9.1998 lag
Prof. K. Larsen ua Mr. John Mood Wasuuuifivanniraugulu 0.8 1withd a.undng I@Uﬂqmﬁuﬁnﬁf%i’ms
mmﬂgﬂﬁmuum“ﬁ .7813 §mIuAgINTALLL Lﬁuagﬁﬁﬁﬁﬁmﬁﬁ’ﬁwﬁﬂma”sjmi‘qa dsineawanin

1.8.1 Siamanthus siliquosus K. Larsen and J. Mood Lﬁu‘ﬁ’ﬁ“ﬁﬁmﬁmluaqa Siamanthus @ani
snwaziwenanunide naulased 2 uan flﬁawu"l.@i”mnluaqaﬁu nauaan 2 NaUT9 (lateral corolla lobes)
waaudanuuNunduLN lateral staminodes aaguminly Muwnasdagdasiann a1afis 20 1Gudwas uis
fiitenanuwalng Saanfusauaziniasaa FLOAAILATEILIINAN
2. Tribe GLOBBEAE i 4 ana lutlzindlnowy 3 ana da

2.1 Gagnepainia K. Schum. LJuismienndnsudssinelng G0uiinld 2 ofia (Larsen, 1996)

2.2 Globba L. (ANa1151 #Iansdiin) Lﬂuaqaﬁﬁﬁ‘hmwﬁﬁ@ﬁ’nmﬂﬁﬂaqa%ﬁa‘uaaﬁmaﬁﬁwaa%ﬂ mainlu
Usznalnedig 40 oiia dylaldinadnmnuniudueunininm ud ldiddnawsaiununudiedaiu iy
ARsH AT anEwis Siufinimuludsanelneud 34 viia (Larsen, 1996) sragnsfinuludsandlng wu

221 Globba albiflora Ridl. [uimiwiasuasnnialdy niznewuiuTnmnaldvedizinalng ud
AOUTINLEIN LABWLANANUSWAT 2.58978 dugaLlIzns 60-80 LEUALNAT TananiiaaniIoanTznuwig
AONVWIALANEV?

222 G. cernua Bak. \Juizriasinvesnnaifodnoianits uwaznzewul U8 8was Tulszndlng
WUUSIITIEULARANALE LT 2.8281 WazwINTINE 7780 (2543) WAz Maknoi (2001) lasgsunufivsiimin
gan-unan ufiriiieenaeny Teaensanasslasyaavasddi 31U uaraanifinissas

223 G. patens Mig. nizapwutaglunnads uszmaldvasdszinalng v 9. pzan uaz
w1 aendnmwdidunszanaglaeta Sfnaes wiaddw mansfazthanwanwldlssay

224 G. winitii Wright (wadiAin) uimsziniuveslng FaRaitlaasdufssduinszoninasiuas
ﬁannwmam‘g}”ﬁ%aLﬁmmaavlmu WURINNNMAREBLRZNIANAY TonanaanaIvUa1LHaaUaIRGIbILE?
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Wouas Tiszauuwalng dnisfadiauaziun saomuann lanandwlivszduuninasldialan
2.3. Hemiorchis Kurz Larsen and Triboun (2000) léssaunuasiusnludssinelng 1 ofia de
H. rhodorrhachis K.Schum. 310 3.uigadzat
3. Tribe HEDYCHIEAE $idszanau 10 8na
3.1 Boesenbergia O. Kuntze (3NaN3z111) w"'mqaﬁﬁﬂszmm 60 viia ludszimalnelafins@nsnuniu

udlaofidou wazlavuiinliduin 13 ofia (Sirrugsa, 1992a) dan Larsen (1993) lawuziialnidwiy
Uszndlnedn 1 afiaan 2.n3:4 uas Larsen (1997) lasasunusiialnian 2 e an LUNTIYT UBZATI
w%auﬁgavlﬁgmaqa Curcumorpha Vl,ﬁJLﬂuaqa Boesenbergia ¢ Nrsnanszmaidunraugnuwaian wuidu
Rosusneialduesthdutu lumalduaslszmelng uazwoldiduonsuisludnsaly lumamilauaznna
duq dadninuludsznalng wgu

3.1.1 Boesenbergia basispicata K. Larsen ex Sirirugsa (nsxmmmm'saﬂ@mjﬁw) W‘].Iﬂ‘ﬁ‘il,l,iﬂﬁ
ONENUUAITIALINA 2.UAIATTIINTT lag Dr. Kerr o) a.6.1926 uazldaataiduizrialnivaslanlud
7.¢.1987 (Sirirugsa, 1987) Arrfiaidlslounanung fnauwtasunn duwinitadugaslszunm 30-50 LEuALNAT
mulufififondeuas dmsevedluifidoisen niaidurFouns Tensnsandutrsfanuirau Ysznaudin
$lsedn (bract) 1389 aWNbLIH #uAIAdN Taaangdisaasniiegwning Aoy Soalumdanese aand
aLan §17 nduLhn (ip) llwnszwsdaudidn Sududuaslszlnuasinansunn

3.1.2 B. curtisii (Bak.) Schitr. Lﬂuﬁmﬁ%auﬁ{uu?nmmﬁugu wusnusmneldaiud LTUNT 14
faumBang nadunuien 13w 2. 78Y5 Maany’ 17Y3 wazlszaduditul daaendsznaudinaantas
Fruann sarmuin Tadaudos fianavduszniamulugluge

3.1.3 B. plicata (Ridl) Holtt. wusnnustamnald nszsanszanerialuasud 2. 7uNT fampuaning-

= a J a a a vd 1 é a ] 1
NLRLDY VY 9.8 LASWINDIR %aumumnmmmuﬂuu Wrrhahianwumsiduia Taaan %dLﬂﬂﬂgit‘Wﬂﬁ

@
A A

mulugﬂuq@ fau1as1 2198194 25 LEUANAT ﬁmﬂm'sﬁq@luaqau feuneanaanfniad LazU9aUa8n
U a . d N . .
ABNFLAY Holttum (1950) leuanafinaanfuadidudn variety wiks @a B. plicata var. lurida (Ridl.) Holtt.
&, g Vo { ~ a 1
314 B. prainiana (Bak.) Schitr. (nziauad) vaudwlunTulnadnss wui 2.Uaand vzan uazuinsne e
aandzUienane ‘Nl MA ualianasdn wasTlssauiimdsnsau wananti Fmuluuazsnluniionin
315 B. pulcherrima (Wall) Kunize (111)) wu"l,@ﬁﬁauﬁ'mﬂmﬂmaoﬂizmﬂvlmU WAWLNNLS LI DA
mawiite 1w 2.5 09lna ﬁ‘]ﬂﬂ:ﬂﬂﬂ wazann usdu Jdrawniladudautnnau gaﬁa 50 LTUALNAT ﬁa@amﬁ@ag’
izwmmusl,ugfl,uq@ u,az“g“ﬁamﬁamﬂmﬁu"ﬁf@mu AaNAFUNIMIBNRIWIA WAz UDURLAIUANDEINAIUHINAY
ihn
3.1.6 B. rotunda (L.) Mansf. (n3z118)) Tewasfa B. pandurata (Roxb.) Schitr. iduanlgniunialulu
A a ' & A A A XA A P’ ° @
Uszinalng aunsoiduiziassaivadiini esenlslovusznnaasdvsfieiinaunen Rouinanlgdiiu
19309 TIudITRaNMNT LLa:ﬂ”aLfJuﬁ“ﬁaqu"st@Tm ﬁa@angn‘[auﬁmﬁ’aUﬂ'lulugﬂuqmw,ﬁauﬁm watafanuin
J v & v 1 Qs a
azpiwnitanululiiduldadataian aaniifiaing
3.2 Caulokaemferia K. Larsen (aqmﬂi’l:ﬁu) ﬁ“ﬁaqaﬁvlﬁgmmnaana'maqa Kaempferia lag Larsen
(1964) naznvusaInddwdsaeawnite ndidszinaiuaauld uazdszinalng wuludinelnedszanm 5
A A & A o Aa X , A o o @ ' P '
e Gansnuadunrlszirduvadng LLaxmuaglumnmmn@ aratanwuludsznalng 1w
o QI e g a a
3.2.1 Caulokaempferia saksuwaniae K. Larsen Wunrdseddiuans 3.W90 waumumnmmmugu
%4 A = o A A o A a &
wazlndinen iuRsrwalan duNaNL1d aenfnaeIre Iaidunslssnnminsiani
3.3Cautleya Hookf. anatilsznaudisdrizanm 5 viia lulwinalnowoiisssiiadoide Cautleya

. a e e e & da_ o . A &
gracilis (L.) Dandy Lﬁuﬁ"’naomﬂﬂagumu"luﬁu TOUPUWUYLVINTITAVAINFINN datduNTmen shad
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3.4 Cornukaempferia J. Mood and K. Larsen Liuizanalndvassddsanndszineing Farauasslay Mr.
John Mood LLaz Prof. K. Larsen (1997) LLa‘:TﬁmL‘iﬂﬁvLﬁ/Uiimﬂ fa Cornukaempferia aurantiaca dann lawy
'ﬁﬁmlmluaqaﬁﬁn'ﬁﬁwﬁaﬁa C. longipetiolata (Mood and Larsen, 1999) ﬁ“ﬂuaqaﬁﬁlmﬁmﬂﬁaﬂmaqa
wazann Lwiﬁai'mﬁl,mﬂ@i'mﬁuﬁmmsn%@Lﬂuaqalm"l.@i”ﬁa ganvasnauin nddseuuasen lddsesuan
1w 2 §9w uazdl anther crest fiznauasldsae 99 2 snwmcaIns azlaiwulaanaing

3.5 Curcuma L. (aqamﬁu—ns:tﬁm) Lﬂuaqaﬁﬁa’hmmﬁﬂmﬂﬁnaqaﬂﬁa dmivlutszndalnpagluszning
MIANHNNUNIUGIUBYN TN TT I a‘im%’u’ﬁagaﬁaa@i”uﬂmﬁu"lﬁ’h mawuﬁﬂuaqaﬁluﬂsxmﬂ%ﬂvl,@]”hj@i;'m'j'l 50
2fa NI BNTAa lels2 26 ila (Sirirugsa, 1996) wazdaunnnin 10 wdia fdainenduriialndvasian
ansmzvasizlusnanszisfe ddulddutznaudinmii (ootstock #ia bulb) fanwa Iwiesan R
ssnaamiegdlyl uszdnedudam vwnadnislng ﬁLﬁumuquﬁﬂmwﬁm 1-8 1Fuda uazdnidulsloy
LANUDHINNATINUT IR TS SNDAIITUR SanaenEnan (tuber) J31/319naw WisARENTZAIY
FATURZRNDIYNT TEABND1DANATIEINLDAVDIBG Y WI A UT19VIANGUN |6 ANMULId UV ITanande
Uszneudssnlsauiifawalwg ussudasuazdenfarudsudguwaudalzananamouniu lupasia Sy
asstanetanadl 59 win Wataan Wusiseaunidunaiis (sterle bracts) H9atanzin ‘coma’ uazsinild

'
oA

A P AN v, o & A ~ i a o oA
sunu Ananosialusnatldianldlslomt sadunduifouimaassgionnn aredrsinuludsandalng
LT
1 &l 1 Ll 1a a
3.5.1 Curcuma aeruginosa Roxb. (MWURILUN) L wWT WL 89D 8IWaN LLazﬂi:mﬂwuﬂﬂgaumU
duladu vuady Sulailidy uazaiainm ludsaimelnowoanludidess uazlnsdgniuniald anwuzidud
° A A XA o~ ad a A A A o ' a
sunInduunansiiagug luanaiide dlslaufiniu uazlnfuaenfuas lelawldidusayulng wu ludu
Tasdulsunlsadld lusadaltunilsafianay wazludulafhdelfiduonniauansnulsn exanthema au
X A v wva o
Nuflaanaldlfunineg Wudu
352 C. aurantiaca van Zip (\wririnsn) (uinvinsduresdszinaaiain niznewudldisn
A o o L oA & v A A A Ao A Al — A
gy uazmaldvestmndlng anszidufe SszaufiidenFefdu wiafinans ‘coma” Fvuw aand
A o A ' a A a o A o A o @ 19 o A
wilasdy uaziiuandvansfiaduluanaiioinude susmlifizsesangu lewawudwliledunamons
35.3 C. ecomata Craib \iuirAwiiasvesiny wufl 2.18uslna (aevginw) Tamanifiaanlslaufidsl
&39lu Eﬂﬁﬁﬁagﬂ"ﬂ 8717 5-8 1FuANAT S1Uszauiifdien il “‘coma” aandiF@uag wdunduthnduaufndes
AUEILTIHNANIH
P .
354 C. harmandii Gagnep. (JuRTAuLiasvesdszinaivawy ludszinalnawuiinne
o A A ™ a o ' A A da X v AA A v A
aziuaaniliounile Lazn1ANAN (IEWRAK 2.832Y3) ansuzidwlasNTriiaife Tidszdudfdondy 4
Fun uaaspaunan ldwdans saudaisazfaanundentnsasainnuunuge
. a X oA ' a A oA a Ha,
3.5.5 C. petiolata Wall. \Juwswuiiiasvasnin ludszmalnonuluuSnamawiie Aoafiaiiitaaan
nalng ILszauLTnuaavadIta nia ‘coma” A&y AendFu1) uazdunuiriaaynumMuEIATINAIVY
wHMNRLLN
3.5.6 C. rhabdota Sirirugsa and Newman (U2lniww) ldnsnsluaaiagasidn a.guanami mouau
Tno-a17 snduianuin Lﬁaﬂgmﬂu"lﬁﬂ‘sm”u LLwi%aﬁﬂagiuﬂi:Lﬂﬂ"LwULLaz@mﬂszmﬁ LLasjﬁ'ﬂﬁuLﬁaoLﬂu
A a A & A R " ' ' o a A
Aranansziiviziianis lasdfelnedr drlnew uwinsznveglunmaazinesnifsanileveslzinalng
wazan d9ldipafifanangnueaasuinian Siirugsa and Newman (2000) 34 ldtauaasbaidusiialnivas
lanidaiin g # ludastideasmwuldunlusysund

& ¥ . A & A
357 C. roscoeana Wall. (auua3) iuianuiiissaswindnafionis ludsmalnawuluuSinmnmeaniie
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WaT 2.MYIULI L'ﬂu"lﬁﬂsz@”uﬁﬁwaaﬂgjmmﬂmumuﬁa Snumzaufe T3ulsaufdy wiouasaudu bid ‘coma’

358 C. rubescens Roxb. [ufniuiiiasuasdulds naznowutanginaldvesdsznelng as Al
01iw3ad numInmauguslng Lﬂu@,ﬁus'suswﬁwﬁ@ﬁ wazihaNERLE anwuzidude muly
wazmuludfuaaty geaandamalng Sadssdudmotedfuandu Igugniduldyszay

359 C. sparganifolia Gagnep. \uiriuiiasvasdsanaioaua Uszinangldhandgnidulsd
Uazalwuanuds wazzsnowufatouwinans snsnzidude duswaidn luismsmedolungh wdtilotinan
Uan lugraiuudsren8n$sduninsssusid denanaannanidrdu Mugeransn 39Uszeudoudranau
FTNNAD UAZNUNIU I dnliUssauiiansay

3.5.10 C. thorelii Gagnep. \urisiiiasasand Tulszmnalnowuluniaas Suaanidoanile ﬂuaqu”u
ldwanniduliidszabaangaaaudy anwuzidufe Taaaniiananidu Sszeudidaon G8900 drussan
fnlanawunUeIte %38 “coma’ 7Y FInLansunay ma"gm%‘*fu fanuasnaunanzdulddszauunn
§IuV0IABNTI staminodes UaznAULNT &9

3.5.11 C. xanthorhiza Roxb. (1uinuagn) nizinewitatlududs sulaiide snady ludsanelny
wunanile (1Foalnd) azduesniiosld @uny3 uazamae) uasld (We91)  ansnziude lslonvwalng
nauwiazulla Endesduendy slowlfidusayulns wazrLA309§1819

3.5.12 C. zedoaria Rosc. (35i4808) naznewutagluduids waziaifoaziuaanideald ludszinalng
wunSmnamie (Foane wazfoelml)  maazidesn wATNTENY)  M1ANAN9 (@3zyT)  waznA
axinaanifiaauniie (a9) anwuciaudie 4 bsloufiniessauniaun ﬂﬁluﬂﬁmmsuﬁ “coma” FUAILTN nIaf
319 Snadgniunanouvis slowlfidusayulns

3.6 Haniffia Holttum ﬁmqaf:VL@Tﬁﬂmvmmmeagmmﬁmu 1lag K. Larsen and J. Mood (2000) sﬁaﬁag 2

w90 uazldiana Haniffia albifiora iuwRzsfialndveslan srusnofianiledia H. cyanescens (Ridl.) Holttum 18
Jmuldlunsnanmaldvasdsenalnadae

3.6.1 Haniffia albiflora K. Larsen and J. Mood wWufi 2.4313218 iuimaswiaindddwniiadn G
Uszanm 70 udiuns teaanaansudrsasddu 1-2 g8 3aUsauifues aanddunn uazndulniudud
IMABILTII I

3.7 Hedychium Koenig (§Na3n1%Is) ﬁ“ﬁaqaﬁﬁﬂi:mm 80 wila unasfinuaINde Runsuasiuaan way

dwidaauld uaziunauld lulszinalnoaglusznin@nmnuninlasdidon eradliannndi 20 oile
uazdnlngwuuSmnamievaslszina awwumwﬁ@Lﬂuﬁ'%ﬁamﬁ'ﬂaguuﬁﬂﬁﬁu RIAWLLUADUAY
wialuzfiatdonnu onaduwldvsuuuduunin uazuuudsends Tenensanassaiusanvesdiduniofu
aratsinululsznelng 1w

3.7.1 Hedychium coccineum Ham. ex Smith (1109) Sunasnszarawugogluunuduids win uazdu
Tosu ludszmelnanufigoolna (Asginw aaulfeia1) wia 2.Indifss ddwniladuaragedis 3 was dva
ABNE1 AandFnans uaziSoeaavinaununute wmanznaslfidwlidszey

3.7.2 H. coronarium Koen. (WA #4&) ﬁmﬁmf‘tﬂsxmuagluunuﬁmﬁﬂ Wil uaznaLrilavaslszing
ny Ugniuagnsunsnansludssinauaion asnfunvwalng uazdndunay Aoagmduwliszan Tslouls
Wusayulng

3.7.3 H. ellipticum Ham. ex Smith (at#An1%7) w"f*ﬁ“ﬁﬁﬂiﬂixmﬂw”ufl,w,muﬁmﬁﬂ RUNAY wazwNn T
Uszinalnowunisnmaile iwu a.8vslmi (@eoiBosan assginw) uazRsmlan lunadau 1ou a.ae
(Qn3zdv) wazuaInada Wudu Sdwniledugidszonm 1 1waT gananiaandwimainnuazSoanuuruun
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1 = A CY s
uNuTe aandwded iz dulilszey
3.7.4 H. gardnerianum Shepperd ex Ker-Gawler LIuN 71890 uRanas nszanounuduids uaziuwia
Tutsinalnowunessginw a.doelna drdwniladugs 1-2 was geaandvialny aenFoddaudniusiu
[l aa A U v Qs
vunuze Janiedre Lmduldlszau
3.7.5 H. longicornutum Griff. ex Bak. (Jaidiaw) iduizviasduvesnnade ludszinalnawod
LU uRwdIandouudn lidn Tananiunutos aandisuioanin SIUTAUTRULAIGY LazaaniF
=) s 1 A =1 ' s a o 2 v A
WARDY ANBIMLARAD TINENILazeIL Menwldun danwuzaasldidon
a s a ] a J v
3.7.6 H. stenopetalum Lodd. (mifiunaa3) niznewisluunuduids wain uazBulafiify seuiulng
o a & oo ' a ' a i oA '
fmsluthdusn Asidansmiauie lufvwelng waslufausniuazwey saaenvwialng Sunusesiu
TFuu aaniSu9aa ldwiuunenuse wazddud
3.7.7 H. villosum Wall. (ai#in) nza0Wugaeaninieing aaudaude Swa wain fuladn Iuaauld
a Qs ' U 9/‘ U = A’ { Qs Qs :’ Qq; 1
WRZNLALDE Lﬁuﬁ'ﬁaamﬂﬂaguumuvluﬁw%auuﬂawu maumuluﬁs:wmwgammmum‘n:mmLm 900
-4 A A a ' a A ) a A oA
wasiuld ludszinalnowulunmawiiefs a.3udlwi (eeoiBusan Qi) uazmanziueanidsanile fe

v

3. 18y (NN3x@v) FeaanTunuaany1 aanifusardauduiumuunuta aandfz sniiunasaagidung
wIafRdy Tanansrnnuninsdwliusay
Id o a = é =3 a
3.8Kaempferia L. (snaiUnz) duananfidwinsiianindnananiisnasnidds fa dszanm 60 odia lu
Usznaneldfinsnsnuniuduaynindnu ussnonuizananzvedingl i 15 afia (Sirirugsa,
' Lo [ . A X a Yrno o {
1992b) dian Jenjittikul and Larsen (2000) ldWu K. candida Wall. tinduan 1 il Arlusnadfsdunginile
P A o ' o A a \ o ' R o P
dudautsauinn ludnuinunuiudu anenaanasinavduizninimulugluge lslouineiy naesiied
Qmml,ﬂummguvlws waziulaTasnealsiseanis aagenwuludszinalng 1w
3.8.1 Kaempferia angustifolia Rosc. (.ainhwiy, Usiuayns ) wuasawsnlududs ludsanalny
A A A W ea ° o o ' a @ A ' a A
WUl 9.9u8MT5H warnays udldinmahandgnauily ukulufienuduudsgs enafigdinsenauien wie
U U 0 = aAa 1 =) = v A
9 waadasisen lwisea aandFu1d nauHNAUUNTudNEN9
3.8.2 K. elegans Wall. ex Bak \JuizAuiiiasaimin nizanevut lgsduds snade ludsanelnowy
Y& . o ae N - . A e
lansmamite maaziusanidodld uazmald Tavduiudios uazifuu ansizeude Sluswelwy 0nd
& X \ Ao ] o { ' o ' A ° ) o o
2 lu uazgasdiu teneniimutedeuinien gaanfidfoun deuthadu manzasyhidulinsznnldlszeay
3.8.3 K. larsenii Sirirugsa (1mzaniiaw) iluirdszdrfuvesing woassusnd a.quanomit ld3u
nIasTaiiaiduiiosdud Prof. Kai Larsen sinwnnuenaasiauunin g3isudnsiosddvedlng uasd
o @ = A & . A a o @ a
ununniaglumsfnmdrsdilunmdent ArddlusnSmedong aanfouwy
384 K. parvifiora Wall. ex Bak. (niz11861) nyzaewitorlunwit uszduds ludsainalnowuf 2.01n
a a = ' a A & aa ' AA o & X
wazmayany3s aenfvwainninzfiadus luana 8vdudn Bloudie muluwssiwluen onluasiu
A A A Xao v & o oA 2 A P o v 8 A A A
vasinfuishddnsnadoaianufrananszme 39ligliTedn ‘nemwdr lasdhlafadndunsemosfiants
! A & A o ' ' a
3.8.5 K. roscoeana Wall. (1Uvz1n) Lﬂuﬁ'ﬂ“ﬁuwmﬁﬂs:mUwufagimmuwm wazdudy ludszina
Inowunaniamile ldun augoslnd wazan uaznanmaaziuanidesld ldun a.n1gauys uss
A o ' a i v @ 2 [ ' o X AA A
U3227UATTUT danuinazwuuSim i duindsznaudiy 2 1y swendsfeunay wHIUALURY FFT7
Wi wazaindinnoeng aandfen uaziiiafiniasasauTiamgudnand
3.8.6 K. rotunda L. (Iunniuen, qunyy) dudriuiidesnaiduds nazaawuigaisom Auladu
A a A A A @ a A & A a
vuady Sulaflidy ludsanalnowosinmanmeamile usemeazineanidonile uenaniuwuf 2.83213
7ays uazmaauy’ iudu wohdulngdeatisaenazddhitialy aaniifaing lelvauazmnidunayulng
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3.9 Scaphochlamys Bak. \Jufzrwiaidnassananszouszdn: nzanutagluiding usom
& a ' A A Ao A a
auaynINag naanadiannndt 20 sl ludszinalnedsanaiiadiwioin wodszanm 2 sfialuniiom
TIULA INY-ULALTY VDI 2.0TA1 WATUTITINE A28ENINWY budsuindlng 13w
3.9.1 Scaphochlamys obcordata Sirirugsa and K. Larsen wuaTIusnAhanuila 2.usne uazle
vysenaduizsiialriveslan (Sirrugsa and Larsen, 1991) éndwnitaduay ludaud19nine aanfidung unn
navdn ﬁgﬂs’wuﬂugﬂﬁﬂmﬂﬁu
3.10 Stahlianthus O. Kuntze Wranatiliwmusiaias wazAautIrenludsuinalng iduNsamaEn
luaselung ludsendalnsananule 1-2 slia aregranwuludssinelneg
3.10.1 Stahlianthus campanulatus Kuntze nyzaowugluunuduladu uazmanziusanidoaniiaves
o U -1 a Qq// L 3 = g v a v v
Uwinelng Srdwniladusunin dndudssdlugiuin dszneudis 23 lu loueuSmedslongh on
Uszanmk 10-20 LGudluas sananian Ndszdutuwengalduglezeds aandfindssdeuniann
4. Tribe Zingiberaceae ﬁLﬁmaqaLﬁm fa
. . A i AA o P a A e | va =2 A
4.1 Zingiber Boehm. (snad4) luanalwgniiiwinsfiaunndnananisrasedi ladnsdnmnuniuie
snadevadling lay Theilade and Maersk-Moller (1991) lansinwdasduivanadalutszinalnyly uddsla
La%auyjiri) Fun 33 aila aadsnwuludszinalng 1w
4.1.1 Zingiber montanum (Koenig) Theilade (vl.‘wa) Tawes: Zingiber purpureum Roscoe Nruiafana
A &‘ A a a ' a 1 Q 1 v dl v
duiriwidesvasduids ludszinalnslinulussswnd wddgniuedrndrsrns ihelsidusayulng
slouifiniewe ULATNALRULT TaaanizUi19T uariitizaudfied aandniaswiaiioun
o 3‘ a a A e a
412 Z ottensii Val. (Iwad) duizriwidemasdulaiide nzaelddsnades ludszinalnadins
Uaniunalszine Il Fsiraia I%Lﬂumaquvl,m FszauFuasFy wiauadisadien aanfwiad assnautni
LRI

£
a A

413 Z spectabile Griff. (3zL91g, anwnz) woshahwulanilulwaaldvesdszinalne uazlu
A A Aa A a & o AaaA A A Ao oA '
vuady (urflanftanenswmalngfigaluanads Sruseauifuas wiamies Sanvuziduda daudasves
’%’sﬂi:@"m:{mﬁ@ﬁﬂu wazlusanuasTiUszavazitiiion aand&N190 assudunauln fadszdinaes
414 z. wrayi Rid.@awnu) uRsiwdesvaswiads ludsanalnonuluaamouanine-
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w1 Alpinia mutica Roxb., Amomum aculeatum Roxb., Amomum biflorum Jack
unaf 2: Boesenbergia curtisii (Bak.) Schitr., Boesenbergia plicata (Ridl.) Holtt. (vfiananfnias),
Boesenbergia pulcherrima (Wall) Kuntze
wnaA 3: Caulokaempferia saksuwanae K. Larsen, Elettariopsis curtisii Bak., Elettariopsis smithiae Kam
WA 4 Ltlingera corneri ). Mood & H. tbrahim, Etlingera hemisphaerica (Blume) R.M. Smith,
Etlingera littoralis (Koenig) Giseke (wilanduthniuaidm)
unafl 5 Edingera litioralis (Koenig) Giseke, Etlingera maingayi (Bak.) R.M. Smith, Ellingera metriocheilos (Griff)) R. M. Smith
un2f 6 Etlingera punicea (Roxb.) R.M. Smith, Etlingera venusta (Ridl.) R.M. Smith, Geostachys angustifolia K. Larsen
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wnafl 7o Globba albiflora Ridl., Globba cernua Bak., Globba patens Miq.
wn 8: Haniffia albiflora K. Larsen & J. Mood, Hedychium coccineum Ham. ex Smith,

Hedychium longicornutum Griff. ex Bak.
waafl 9: Hedychium villosum Wall., Hornstedtia leonurus (Ridl.) Ridl., Kaempferia angustifolia Rosc.

unafl 10: Kaempferia larsenii Sitirugsa, Kaempferia parviflora Wall. ex Bak., Kaempferia roscoeana Wall,
wna 11:  Kaempferia siamensis Siricugsa, Scaphochlamys obcordata Sirirugsa & K. Larsen,
Stahlianthus campanulaius Kuntze
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wnaf 12: Alpinia conchigera Griff., Aipinia galanga (L.) Willd., Alpinia javanica Blume, Alpinia zerumbet (Pers.)
Burtt & R.M. Smith, 4lpinia aff. Rafflesiana Wall.

W0 13 Amomum hastilabium Ridl., Boesenbergia basispicata Sirirugsa ex K. Larsen, Boesenbergia plicata
(Ridl.) Holtt., {wliananduea) Boesenbergia prainiana (Bak.) Schltr., Boesenbergia rotunda (L.) Mansf.

wnfi 14:  Curcuma aurantiaca van Zijp, Curcuma aeruginosa Roxb., Curcuma ecomata Craib,
Curcuma harmandii Gagnep., Curcuma petiolara Wall.

waan 15: Curcuma rhabdota Sirirugsa & Newman, Curcuma roscoeana Wall., Curcuma rubescans Roxb.,
Curcuma sparganifolia Gagnep., Curcuma thorelii Gagnep.
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wnaf 16: Kaempferia romunda L., Curcuma xanthorhiza Roxb., Curcuma zedoaria Rosc.,
Globba winitii Wright Galuazduun), Globba winitii Wright Grludsesuiig)
waafl 17: Hedychium coronarium Koenig, Hedychium ellipticum Ham. ex Smith,
Hedychium gardnerianum Shepperd ex Ker-Gawler, Hedychium stencpetalum Lodd., Hornstedtia conica Ridl.
woaf 18:  Hownstedtia ophiucus (Koenig) Retz., Kaempferia elegans Wall. ex Bak.,
Zingiber montanum (Koenig) Theilade, Zingiber spectabile Griff., Zingiber zerumbet (L.) Sm.
WAt 19: Zingiber ottensii Val., Zingiber wrayi Ridl.
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Systematic Study of the Family Euphorbiaceaein Thailand
K ongkanda Chayamarit*, Thawatchai Santisuk®, Kai Larsen, Peter van Welzen®, Hans J. Esser®,
Weerachai Nanakorn®, Pranom Chantharanothai®, Teerawat Boonthavikoon®, Rachan Pooma®,
L eena Phuphathanaphong', Chirayupin Chantharaprasong' and Supee L ar sen®
'Forest Herbarium, Royal Forest Department, Chatyddangkok 10900°Department of Systematic Botany, Aarhus
University, Denmark’Rijksherbarium/Hortus Botanicus, Leiden, The Nedmats,‘Hamburg, Germany,
5Queen Sirikit Botanic Garden, Mae Rim District, &g Mai 50180?Department of Biology, Faculty of Science,
Khon Kaen University, Muang District, Khon Kaen 420

Abstract: A revision of the family Euphorbiaceae in Thailawas done based on examination of
herbarium specimens and extensive field observation various parts of Thailand. 83 genera
comprising 425 species are recognized; among thE3especies are introduced. 10 species are
described as new. Jikecies await further study as there are inadequate specimens for description of new taxa. 13 species are recorded for

the first time in Thailand. 49 species are found only in Thailand. 3 new combinations have been made, 1 of which is transferred to a new genus

for Southeast Asia. 1 species is raised from infraspecific status, while 3 are reduced to varieties. 3 species are misidentified. 28 new synonyms are
proposed.  Keys to all genera and species with full descripgjodistributions and uses, and with
illustrations and colour pictures, will be presehte the Flora of Thailand, volume 8, parts 1 &rPthe
year 2002. Therefore, only a summary will be ineldidhere.

K ey wor ds: Euphorbiaceae, taxonomy

Introduction

The Euphorbiaceae is a large and important dienilyaand is conspicuous throughout the tropics.
It is the sixth biggest family of the flowering pkas (after Orchidaceae, Compositae, Leguminosae,
Gramineae, and Rubiaceae). It comprises 313 ganeran estimated 8,100 species (Mabberley, 1987).
is extremely diverse and there is much taxonomidugion within the family.

Adrien Jussieu (1824) identified the major seridésgenera that (after much later revision)
correspond roughly to current subfamilies. JeanIMuél866) provided the first detailed classifioat of
the family into subfamilies, tribes, and subtribeghich reflect phylogenetic affinity as presently
understood. The original classification of Muellsrparticularly striking in comparison with the bear
system of Baillon (1858), which was uninformativieoat relationships, and the later ones of Bentham
(1880) and Pax (1890), who accepted the genenalkefrark of Mueller with relatively minor exceptions.
Later revisions by Pax and K. Hoffman (1931) arel tleatment by Hurusawa (1954) continued to reflect
the general ideas of Mueller, despite consideraliamges.

The classification of Webster (1975) is a descenhdhthe system of Jean Mueller (1866) and is
based on the later work on the biogeography of majgiosperm taxa of Bentham (1878), in which the
300 genera of Euphorbiaceae were grouped into b2strin five subfamilies, i.e. Phyllanthoideae,
Oldfieldioideae, Acalyphoideae, Crotonoideae, Euplmdeae, with several of the tribes divided into
subtribes.

Webster (1987) proposed over 20 segregate fanafi€&iphorbiaceae based on the reflection of
the diversity of the family. Hurusawa (1954) was finst modern author to propose a major dismagtif
the family, with his recognition of Antidemataced&jphorbiaceae (sensu stricto), Porantheraceae, and
Ricinocarpaceae. This system, based on inflatioth@fsubfamilies of Pax and K. Hoffmann (1931), has
met with little acceptance.

Airy Shaw (1965, 1966) recognized seven segregaitdiés: Androstachydaceae, Bischofiaceae,
Hymenocardiaceae, Peraceae, Picrodendraceae,irtiage, and Uapacaceae. Among modern authors,
one of the most extreme splitters is Meeuse (1980} recognizes nine segregrate families, plus the
Pandaceae. Radcliffe-Smith (1988) partially followd&ry Shaw in recognizing the Hymenocardiaceae and
Pandaceae, but treat Antidesma, Bischofia, and ¢3aps anomalous genera of Euphorbiaceae. Of all thi
aggregate taxa, only the family Pandaceae is répedras distinct by Cronquist (1981) and Takhtajan
(1980).

Webster's (1994) revised synopsis of the taxa qftteubiaceae recognized, and provided keys to
5 subfamilies, 49 tribes and 317 genera. It repitssEn extension and, in places, a considerabisioawof
the synoptic classification in which the five sulbfbes were first recognized (Webster, 1975). Ididdns
descriptions of the taxa at the subfamilial, tridad subtribal levels were given. Within the tskend
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subtribes, keys are provided to the genera, ansetla@e enumerated with the citation of important
synonyms.

The Euphorbiaceae are important constituents ofrtical moist forests of Thailand. In many
areas they are abundant, in terms of both speai@draividuals, in the understorey and canopy @&f th
forest, and as emergents. The family has one offiidfteest levels of diversity and abundance in Emal|
with about 400 species. The family is of considégaeconomic importance and there has been much
taxonomic confusion. To solve such problems, iasolutely necessary to study the whole family.
Teamwork between experts from various instituteth lro Thailand and oversea collaborated to helpkwor
on the account of Euphorbiaceae in Thailand. Thg mvision of the family in Thailand that existag to
now is that of Airy Shaw (1972). He used the magision of the family of Craib in Kew Bulletin (19),
who enumerated all the materials of the familyexttitd by Kerr, adding descriptions of a numbereaf n
or supposed new species, and included the fewdedarown to him from earlier collectors and pregiou
writers.

At the time, Airy Shaw’s account numbered 81 genefavhich 3 genera were marginally related
families appended to the enumeration, iAntidesma (Stilaginaceae),Galearia and Microdesmis
(Pandaceae), andymenocardia (Hymenocardiaceae). An other three genera werdtfidly related or
unrelated families excluded from the enumeratione. iBuxus (Buxaceae), Daphniphyllum
(Daphniphyllaceae) anBischofia (Bischofiaceae). He provided keys, both generid specific, which
were based on macroscopic characters, with thd Giezature references, the accepted names, symany
geographical distribution, and the distributionTihailand. In this treatment of the family Euphodaae,
we aimed at improving Airy Shaw’s treatment (197Bhe classification refers to Webster (1994), who
recognizes five subfamilies based upon such clensaaes number of ovules per locule, basic chromesom
number, pollen grain type, and latex charactersiaclddes Pandaceae and Hymenocardiaceae.

The Characters

Habit and Growth Form: All habit types can be foundEuphorbiaceae ranging from trees to
shrubs, herbs and climbers. All manner of tregpehaccur in Euphorbiaceae. Youfrgdospermum are
pagoda trees, and a feBaccaurea have Terminalian branchindglateriospermum has a monopodial
crown. Species in secondary forest tend to haxeasiing bushy crowns (e.glacaranga, Mallotus), and
in open places bushes with straggling branchescanegmon (e.g.Breynia, Glochidion, Phyllanthus).
Euphorbia antiquorum is a cactus-like plant with green, fleshy stemd &ny leaves which soon fall.
SomeMacaranga spp. have hollow ant-inhabited twigs.

Leaves: The leaves are simple or compound, palynatepinnately nerved, and occasionally
lobed. The leaf stalk is commonly kneed, ofterglaand often bears glandslacaranga gigantea has one
of the largest simple leaf blades of any tree & ¢buntry, and othdvlacaranga are strongly peltate. A
group of related genera, typified Bjochidion andPhyllanthus, has one of the most specialised conditions
of any tree in the world: the leaves are arrandexirately and closely along short leafy twigs, Wieole
spray resembling a pinnate leaf and only recogniaedvhat it is when clusters of flowers developtlie
leaf axils.

Inflorescences: The flowers are mainly small, samgewithout petals, unisexual, and often have a
disc. The different sexes may be on the same(itneaoecious) or different trees (dioecious); somes
they are borne on the same inflorescence, in wbicte the males are generally on the upper pare Th
flowers may be in axillary clusters or in axillany terminal spikes, racemes or panicles. The svally
musty-scented, and are throught to be pollinatemhéscts, not by wind.

Fruit and seeds: The fruit in most Euphorbiaceagpial 3-lobed, dehiscent capsule to baccate
fruits, drupaceous but dehiscent, and drupaceadisndehiscent.

Typically the fruit is a capsular schizocarp, sospéitting into 3 bivalved parts, leaving a central
columella (e.gCleistanthus). Some woody fruits split open explosively, ofteith a sharp cracking sound
(e.g. Hevea, Mallotus) and the seeds are forcibly expelled. Otherwigpersal is probably by small
mammals or birds, attracted by the fleshy seedeja(ekg. somBaccaurea, Macaranga) or fruit wall (e.qg.
otherBaccaurea, Bridelia). Flowers and fruit are borne on the trunk in eddaccaurea andSauropus.

The seeds show variation in size, shape and sesdecpamentation. There are typically two
seeds per locule, but the number is often reduz@ahé. In the biovulate taxa with drupaceous fruitdy
one or two seeds per fruit may develop (digtidesma, Aporusa, Baccaurea and Drypetes). Seed size
varies greatly, from less than 1 mm in herbaceqegiss ofPhyllanthus to over 4 cm inHevea and
Omphalea. A seed character that appears particularly ingmbit the presence or absence of endosperm. It
is copious in most genera, but scanty or absesbine genera such Astephila. In exalbuminous seeds,
the cotyledons are often distinctly folded.
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Distribution: The family is found throughout the mdy with the great majority of species in
tropical and subtropical regions.

Ecology: Euphorbiaceae is the commonest family aysbitrees in evergreen forest. Thus,
Euphorbiaceae contribute to the lower part of #ie forest canopy, few species reach the top ané i®
truly emergent. Some species are small trees,rabshthere are also a few climbers or scramblers.

Euphorbiaceae are uncommon in primary Lower Monfarest, though in openings, they become
as locally abundant as in the lowlands. Only a fepecies are common in peat swamps (e.g.,
Blumeodendron tokbrai, Macaranga pruinosa, M. puncticulata). Euphorbiaceae are very strongly
represented in secondary and disturbed forest,lynaynEndospermum, mostMacaranga, a fewMallotus
andSapium. Many species are entirely or mostly found on toee hills (See Appendix 3). Many species
are rare, known only from one or a few collectionSeveral genera have one species Algurites,
Chaetocarpus, Flueggea, Sumbaviopsis, Trewia, Wetria etc.

Uses: The secondary forest group of species tptential as a source material for wood-based
products, such as paper, chipboard and fiber baanith remains almost entirely uninvestigated and
totally undeveloped. Features that these specigs bvolved to grow successfully in secondary tores
include such aspects as germination and seedlingvaliin the open with intense climber and herb
competition, rapid growth in height and the abitibygrow in dense pure stands without epidemicadise
problems. These are valuable assets in a plantapiecies. A correlated feature, the possessi@off
pale timber is also a valuable asset. Moreoverfdtv investigations that have been made showstirat
Euphorbiaceae possess long wood fibres, which middezs an attractive possibility as a source of long
fibre paper pulp. Pioneer work on pulping potdntvas done by Janssonius in the former Dutch East
Indies, who found that the species he investigatethe subfamily Phyllanthoideae (excefgtorusa,
Baccaurea, Drypetes) all had high pulping potential. Unpublished waténe at Kepong has shown that
Macaranga, in the subfamily Euphorbioideae, also has lobgek.

The family includes important agricultural taxae.j Hevea brasiliensis (Willd. ex A.Juss.)
Mull.Arg., the Para rubbeManihot esculenta Crantz. Ricinus communis L.

Traditional uses of Euphorbiaceae are: as fruitnat-trees -Baccaurea ramiflora (mafai),
Phyllanthus acidus (mayom),P. emblica (makham pom)Aleurites moluccana (Phothisat) Elateriospermum
tapos (Pra); as vegetablesClaoxylon longifolium, Sauropus androgynus, Pterococcus corniculatus; and as
medicinesCroton spp.,Suregada multifida. Colourful garden ornamentals @ealypha spp.,Codiaeum spp.
(the garden 'CrotonsBuphorbia pulcherrima (Poinsettia) andatropha spp.

Methods
This revision is based on the examination of mdwant5,000 herbarium specimens, from the
following herbaria: BKF, BK, K, C, L, BM, E, TD, AA. Botanical surveys were conducted which
resulted in comprehensive collections, includinglenand female flowering materials and fruits from
several species. Collected specimens were trehtadically, fixed on to specimen paper and placetién
herbarium, systematically. Visits to European heebim examine type specimens were made.

Results and Discussion
1. As a result of the examination of morphology Buphorbiaceae of Thailand comprises 83 geneata an
425 species; among these, 19 species are introdlibedyenera and number of species compared with
Airy Shaw 1972 are shown in Appendix 1).
2. Ten new SpeCieS were found:croton-Croron acutifolius Esser, C. decalvatus Esser, C. kongkandae Esser; 2 in Macaranga-Macaranga

siamensis S.J.Davis, M. neodenticulata Whitmore; 3 in Mollotus-Mallotus hispidospinosus Welzen & Chayamarit, M. viridis Welzen & Chayamarit, M.

kongkandae Welzen & Phattarahirankanok; 2 in Sauropus-Sauropus poomae Welzen & Chayamarit, S. temii Welzen & Chayamarit. A" these

species are newly described and submitted to iatemal botanical journals. Some have already been
published:Mallotus kongkandae in Blumea 46: 67. 2001ylacaranga and Croton sp. nov. in Thai
Forest Bulletin (Botany) no. 29. Some are in presgh adMallotus and Sauropus sp. nov. in Kew

BU”etin. Nine species await further study as there are inadequate specimens for description of new taxa, i.e., one in
Antidesma, Dimorphocalyx, Euphorbia, Phyllanthus; two in Cleistanthus and Croton; and three in Drypetes.

3. Thirteen species are recorded for the first time in Thailand (new records): Acalypha brachystachya Hornem., A. mairei (Lévl.)
Schneid., 4. pleiogyne Airy Shaw, Baliospermum corymbiferum Hook 1., Cleistanthus hirsutipetalus Gage; Croton thorellii
Gagnep., Euphorbia parkeri Binojkumar & N.P.Balakr., E. royleana Boisser; Macaranga diepenhorstii (Miq.) Mall Arg .

M. heynei 1. M.Johnston, M. hullettii King ex Hook.f., Mallotus leucodermis Hook.f., M. penangensis Miill. Arg.
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4. Forty-nine species are found only in Thailand (endemic species): Acalypha pleiogyne Airy Shaw-Northern, Northeastern and Southeastern; Actiphila
collinsae Hunter-Prachuap Khiri Khan; Antidesma bunius (L.) Spreng. var. pubescens Petra K. Hoffm.-Mae Li, Lamphun, 4. japonicum Siebold &
Zucc. var. robustius Airy Shaw- Khao Yai National Park; Baliospermum siamense Craib- Northern; Breynia glauca Craib- Doi Suthep; Claoxylon
oliganthum Airy Shaw- Eastern and Peninsular, C. putii Airy Shaw-Pang Tong, Chiang Mai; Cleistanthus denudatus Airy Shaw-Northern, Central,
Southeastern and Peninsular, C. hirsutipetalus Gage-Peninsular; Croton acutifolius Esser-Northem, C. columnaris Airy Shaw-Northern and
Southwestern, C. decalvatus Esser-Northeastern, Eastern and Southeastern, C. kongkandae Esser-Northern and Southeastern, C. longissimus Airy
Shaw-Northern, C. stellatopilosus Ohba-Central and Southeastern; Delachampia elongata Craib-Tak; Drypetes dasycarpa (Airy Shaw) Phuph. &
Chayamarit-Chiang Mai, Nan and Loei; Euphorbia saxicola Roxb.-Doi Chiang Dao; Glochidion santisukii Airy Shaw-Khao Luang, Nakhon Si
Thammarat; Leptopus diplospermus (Airy Shaw) G.L.Webster-Pak Tawan, Prachuap Khiri Khan; Mallotus calocarpus Airy Shaw-Khao Sabap,
Chanthaburi, M. garrettii Airy Shaw-Doi Pha Ngua, Nan, M. hispidospinosus Welzen & Chayamarit-Kanchanaburi, M. hymenophyllus Airy Shaw-
Surat Thani and Krabi, M. kongkandae Welzen & Phattarahirankanok-Mae Wong, Kamphaeng Phet, M. pallidus (Airy Shaw) Airy Shaw-Som Roi
Yot, Prachuap Khiri Khan; Phyllanthus brunelii J. Roux-Northern, Central and Southeastern, P. kerrii Airy Shaw-Northern and Northeastern, P.
mirabilis Miill. Arg.-Northern, Northeastern, Eastern and Central, P. orientalis (Craib) Airy Shaw-Chiang Mai, P. polyphyllus Willd.-Eastern, P.
winitii Airy Shaw-Northern and Northeastern; Ptychopyxis plagiocarpa Airy Shaw-Wang Ka, Kanchanaburi; Sauropus amabilis Airy Shaw-Hua Wai,
Nakhon Sawan, S. amoebiflorus Airy Shaw-Ratchaburi, S. asteranthos Airy Shaw-Don Tan, Nakhon Phanom, S. garrettii Craib-Doi Ang Ka, Chiang
Mai, S. granulosus Airy Shaw-Wanon, Sakon Nakhon, S. kerrii Airy Shaw-Chiat, Ubon Ratchathani, S. orbicularis Craib-Mae Taeng, Doi Inthanon,
Chiang Mai, S. poomae Welzen & Chayamarit-Doi Tung, Chiang Rai, S. pulchellus Airy Shaw-Ta Chang, Nakhon Ratchasima, S. similis Craib-Doi
Chiang Dao, Chiang Mai, S. suberosus Airy Shaw-Khao Thong Lang, Trang; Spathiostemon moniliformis Airy Shaw-Ban Krut, Surat Thani;
Trigonostemon albiflorus Airy Shaw-Northem, 7. kerrii Craib-Northern, T. pachyphyllus Airy Shaw-Widespread.

5. changes of plant status are as follows:

Three new combinations have been made, Balakata baccata (Roxb.) Esser (Sapium baccatum Roxb.), Colobocarpos nanus (Gagnep.) Esser
& Welzen (Croton nanus Gagnep.), and Shirakiopsis indica (Willd.) Esser (Sapium indicum Willd.).

One species is raised from infraspecific status, Drypetes dasycarpa (Airy Shaw) Phup. & Chayamarit (Drypetes indica (Mull. Arg.) Pax &
K. Hoffman. var. dasycarpa Airy Shaw. (See further details in Thai Forest Bulletin (Botany) no. 28. 2000.)

Three reductions have been made of Antidesma as follows:

Antidesma montanum Blume var. microphyllum (Hemsl.) Petra Hoffm. (A. microphyllum Hemsl.), A. montanum Blume var. salicinum (Ridl.)
Petra Hoffm. (A. salicinum Ridl.), A. montanum (Tul.) Petra Hoffm. (A. oblongifolium Blume var. wallichii Tul.)

Croton colobocarpos Airy Shaw is transferred to Colobocarpos, a new genus for Southeast Asia (Colobocarpos nanus Esser). A N@me new to
Thailand iscrowon stellatopilosus Ohba which was misidentified a€. subl yratUS Kurz, an Indian species. The

commonCroton species found all over the east is identified @s«Zroton decalvatus Esser.C.
oblongifolius Roxb. is nowC. roxburghii N.P.Balakr., as the former is illegitimate@roton
santisukii Airy Shaw is a distinct species, and awaits diSIUS The novelties in Croton (Euphorbiaceae) from

South-East Asia are discussed by H.-J. Esser & Kongkanda Chayamarit in Novon, 2001 (in press).
The name Euphorbia pilulifera L. is rejected by H.-J. Esser & Steve Cafferty, E. coccinea Roth as well as E. tortilis Rottler cannot be found in

Thailand. See also H.-J. Esser & Kongkanda Chayamarit: Notes on Euphorbia (Euphorbiaceae) in Thailand. Harvard Papers Bot. (in press).

Twenty-eight new synonyms are proposed as follows:
1. Antidesma andamanica Hook.f.=A. bunius (L.) Spreng. varbunius
2. A plagiorrhynchum Airy Shaw=A. forbesii Pax & K.Hoffm.
3. A acuminatissmum Quisumbing & Merr.A. japonicum Siebold & Zucc. var.
japonicum
A. kerrii Craib=A. montanum Blume var.montanum
A. stenophyllum Merr.=A. pendulum Hook.f.
A. velutinosum Blume var lancifolium Hook.f.=A. velutinosum Blume
A. spaniothrix Airy Shaw=A. velutinum Tul.
Aporosa lophodonta Airy Shaw=A. globifera Hook.f.
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9.  Baliospermum montanum (Willd.) Miill. Arg.=B. solanifolium (Burm.) Suresch

10. Croton calococcus Kurz=C. lachnocarpus Benth.

11. C. bonianus Gagnep.€. lachnocarpus Benth.

12. C. murex Croizat=C. lachnocarpus Benth.

13. C. trachycaulis Airy Shaw=C. lachnocarpus Benth.

14. C. argyratus Blume var.microcarpus Gagnep.€. sepalinus Airy Shaw

15. C. birmanicus Mull.Arg.=C. tiglium L.

16. C. himalaicus D.G.Long=C. tiglium L.

17. C. oblongifolius Roxb.=C. roxburghii N.P.Balakr.

18. C. siamensis Craib=C. robustus Kurz

19. Chamaesyce coudercii (Gagnep.) SojkEuphorbia bifida Hook.Arn.

20. C. harmandii (Gagnep.) SojkEuphorbia bifida Hook. & Arn.

21. Euphorbia barnhartii Croizat=E. lacei Craib

22. E. coudercii (Gagnep.) formalaberrima Gagnep.E. bifida Hook.Arn.

23. E. kerrii Craib=E. sessiliflora Roxb.

24. Macaranga kampotensis Gagnep.#¥. andamanica Kurz

25. M. trigonostemonoides Croizat=M. andamanica Kurz

26. M. denticulata (Blume) Miill.Arg. var. pustulata (King ex Hook.f.) Chakrabarty &
GangopadhyayM. denticulata (Blume) Mull.Arg.

27. M. adenophylla Pax & K.Hoffm.=M. motleyana (Mull.Arg.) ssp. griffithiana (Mull.Arg.)

Whitmore
28. M. glaberrima var. kostermansii Airy Shaw=M. lowii King & Hook.f.
6. Uses of Euphorbiaceae are reported in Appendix 2. Plants are identififed as medicinal, edible fruit and vegetable, wood product, and ornamental.

7. Keys to all genera and species with full descrgjadistributions and uses, and with illustratians!

colour pictures will be presented in the Flora b&iland, volume 8, parts 1 & 2, in the year 2002.

8. The resolution of species problems requireainistg much more living material of such plantse$é
species have sometimes been confused with othersetBnes pressed specimens bear a striking
resemblance. It was found that staminate andlpistiflowers of most of the taxa were needed aad ar
taxonomically significant to solve the status of gpecies. Thus, new collections from surveyslin al
parts of Thailand were tended to support the tamdnoesolution. These collections agreed well with
the presumption of the authors. The study alsoqatdtat the long-standing misapplication of some
names needed to be changed for nomenclatural rea&dist of new synonyms is shown in 5.
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Appendix 1. Number of genera and species of Euphoeae in Thailand, present revision (2001) coegbao Airy Shaw

(1972), showed new species, new record, endemaespéntroduce species, nomenclature and uses.

ed

Genus species/var. Endemic Name changes Usep  Introdug]
Airy | Chayamarit et aJ. Ne"_V New comb| stat. | syn.
Sha;/\)/(lg' (2001) species | record nov.| nov. | nov.
1. Acalypha 10 10 3 1 3 2
2. Actephila 3/3 3/3 1
3. Agrodtistachys 2 3 1
4. Alchornea 3/1 3 1
5. Aleurites 1 1 1
6. Antidesma 21 18/8 1) 2 3 7 8
7. Aporosa 16 20/4 1 3
8. Austrobuxus - 1
9. Baccaurea 8 12 12
10. Balakata - 1 1 1
11. Baliospermum 4 5 1 1 1 1
12. Blachia 2 2
13. Blumeodendron 1 2
14. Botryophora 1 1
15. Breynia 7 7 1 2
16. Bridelia 11 10 8
17. Chaetocarpus 1 1 1
18. Chondrostylis 1 1
19. Chorisanthes
20. Chrozophora 1 1 1
21. Cladogynos 1 1
22. Claoxylon 4 4 2
23. Cleidiocarpon - 1
24. Cleidion 1 1
25. Cleistanthus 11 14 (2) 1 2 3
26. Cnesmone 3 3
27. Codiaeum - 1 1 1
28. Colobocarpos - 1 1
29. Croton 29 30 3(2) 1 6 9 9
30. Dalechampia 2 3 1 1
31. Dimorphocalyx 2 2 (1)
32. Drypetes 14 17 3) 1 1 3
33. Elateriospermum 1 1 1
34. Endospermum 3 3
35. Epiprinus 2 2
36. Erismanthus 2 2 1
37. Euphorbia 26 27 (1) 2 1 5 5 7
38. Excoecaria 5 5/2
39. Falconeria - 1
40. Flueggea - 1
41. Galearia 1 1
42. Glochidion 23 24/1 1 2
43. Hevea - 1 1 1
44, Homalanthus 1 1 1
45. Homonoia 2 1 1
46. Hura 1 1 1 1
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Appendix 1. (cont.)

Genus species/var. Endemic Name changes Uses  Introdug
Airy | Chayamarit et aJ. Ne".V New comb| stat. | syn.
Sha;A)l(lQ' (2001) species | record nov.| nov. nov.
47. Hymenocardia 1 1
48. Jatropha 5 5 5 3
49. Koilodepas 1 1
50. Leptopus 2 2 1
51. Macaranga 16 2212 2 3 5
52. Mallotus 18 35 3 2 6 4
53. Manihot 1 1 1 1
54. Margaritaria 1 1
55. Megistostigma 1 1
56. Melanolepis 1 1 1
57. Mercurialis 1 1
58. Microdesmis 1 1
59. Microstachys - 1 1
60. Omphalea 1 1
61. Ostodes 2 1/2
62. Pachystylidium 1 1
63. Pantadenia 1 1
64. Paracroton - 1 1
65. Pedilanthus - 1 1
66. Phyllanthus 31 34 (1) 6 4 1
67. Pimelodendron - 1
68. Pterococcus 1 1
69. Ptychopyxis 2 2 1
70. Richeriella 1 1
71. Ricinus 1 1 1 1
72. Sampantaea 1 1
73. Sauropus 21 24/3 2 11 1
74. Shirakiopsis - 1 1 1
75. Spathiostemon 1 1 1
76. Srophioblachia 1 1 1
77. Sumbaviopsis 1 1
78. Quregada 1 1 1
79. Thyrsanthera 1 1 1
80. Trewia 1 1 1
81. Triadica - 1 1
82. Trigonostemon 1 13 3 2
83. Vernicia 1 2 1
84. Wetria 1 1
Note: () =await for further study
syn.nov. =new synonym

comb.nov.=new combination

stat.nov.
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Appendix 2. Economic Uses of Euphorbiaceae

SPECIES USES

Medicinal Edible Wood | Ornamentgal Others

. Acalypha hispida Burm.f. v

A. siamensis Oliv. ex Gage v v

A. wilkesiana Muill.Arg. v

. Agrostistachys borneensis Becc. v

. Alchornea rugosa (Lour.) Mull.Arg. v

. Aleurites moluccana (L.) Willd. v v v

Antidesma acidum Retz. v

. A. ghaesembilla Gaertn. v

© N U~ WwiN P

. A.japonicum Siebold & Zucc. varjaponicum v

. A. montanum Blume var.montanum v

A=Y
o

[N
[

. A orthogyne (Hook.f.) Airy Shaw v

=
N

. A. sootepense Craib v

. A. tomentosum Blume var tomentosum v

AN
w

. A velutinosum Blume var. lancifolium Hook.f. v

[N
n

=
(&)
AN

. Aporosa arborea Blume

. A aurea Hook.f. v

AN
(o2}

AN
\l

. A octandra (Buch.-Ham. ex D. Don) Vickery 4 4
var.yunnanensis (Pax & K. Hoffm.) Schot

18. A.villosa (Wall. ex Lindl.) Baillon v

19. Baccaurea bracteata Mull.Arg. v

20. B. brevipes Hook.f. v

21. B. lanceolata (Mig.) Mull.Arg. v

22. B. lanceolata (Mig.) Mull.Arg. v

23. B. macrocarpa (Mig.) Mull.Arg. v

\

24. B. macrophylla (Mull.Arg.) Mall.Arg.

25. B. minor Hook.f. 4

26. B. motleyana (Mll.Arg.) Mull.Arg. v

27. B. parviflora (Mull.Arg.)

28. B. racemosa (Reinw. ex Blume) Mull.Arg.

o W W W W@
EANIENIEN

29. B. ramiflora Lour. v

30. B. sumatrana (Miqg.) Mull.Arg. v

31. Balakata baccata (Roxb.) Esser v v

<\

32. Baliospermum solanifolium (Burm.) Suresh

33. Breyniafruticosa (L.) Mill.Arg. v

34. B. glauca Craib

35. Breyniavitis-idaea (Burm.f.) C.E.C. Fischer

36. Bridelia affinis Craib

ANE N ANE AN

37. B. curtisii Hook.f.

38. B. glauca Blume v

<\
<\

39. B. insulana Hance

AN

40. B. ovata L.
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Appendix 2. (cont.)

SPECIES

USES

Medicinal

Edible

Wood

Ornament

al Others

41.

Brideliaretusa (L.) A. Juss.

v

42.

B. stipularis (L.) Blume

43.

B. tomentosa Blume

44,

Chaetocar pus castanocarpus (Roxb.) Thwaites

v
v
v

45,

Chrozophorarottleri (Geiselar) A. Juss ex Spreng.

46.

Cleidion spiciflorum (Burm.f.) Merr.

AN

47,

Cliestanthus hirsutulus Hook.f.

48.

C. myrianthus (Hassk.) Kurz

<\

49.

C. polyphyllus F.N. William

50.

Codiaeum variegatum Blume

51.

Croton acutifolius Esser

52.

C. argyratus Blume

53.

C. cascarilloides Raeusch.

54.

C. caudatus Geiseler

55.

C. crassifolius Geiseler

NN ANENIEN RN

56.

C. delpyi Gagnep.

57.

C. longissimus Airy Shaw

58.

C. poilanei Gagnep.

59.

C. roxburghii N.P. Balakr.

60.

C. stellatopilosus Ohba

61.

C. tiglium L.

NIANIENIENIAN

62.

Drypetes longifolia (Blume) Pax & K. Hoffm.

63.

D. pendula Ridl.

64.

D. roxburghii (Wall.) Hurusawa

65.

Elateri ospermum tapos Blume

606.

Erismanthus sinensis Oliv

67.

Euphorbia antiquorum L.

68.

E. atoto G. Forst

69.

E. hirta L.

70.

E. neriifolia L.

AN

71.

E. pulcherrima Willd.

72,

E. sessiliflora Roxb.

73.

E. thymifolia L.

74.

E. tirucalli L.

75.

Excoecaria agallocha L.

76.

E. cochinchinensis Lour. var.cochinchinensis

77.

E. oppositifolia Griff.

78.

Glochidion acuminatum Mall. Arg.
var.siamense Airy Shaw

S ANANIENI AN RN RN

79.

G. hongkongense Mull.Arg.

80.

G. obscurum (Roxb. ex Willd.) Blume

AN
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Appendix 2 (cont.)

SPECIES

USES

Medicinal

Edible

Wood

Ornament|

al Others

81.

Hevea brasiliensis (Humb., Bonpl. & Kunth)
Mull.Arg.

v

82.

Homalanthus populneus (Geiseler) Pax

v

83.

Homonoia riparia Lour

84.

Hura crepitans L.

85.

Jatropha curcas L.

86.

J. gossypiifolia L.

AN NEANE R NEAN

87.

J. integerrima Jacq.

88.

J. multifida L.

AN

89.

J. podagrica Hook.

90.

Macaranga denticulata (Blume) Mull.Arg.

9l.

M. gigantea (Reichb.f. & Zoll.) Mill.Arg.

AN

92.

M. motleyana (MUll.Arg.) Mill.Arg.
sspgriffithiana (Mull.Arg.) Whitmore

93.

M. tanarius (L.) Mull.Arg.

94.

M. triloba (Reinw. ex Blume) Mll.Arg.

95.

Mallotus barbatus MUll.Arg.

96.

M. floribundus (Blume) Mull.Arg.

97.

M. macrostachyus (Mig.) MUll.Arg.

ANE R NE A NE N AN

98.

M. miquelianus (Scheff.) Boerl.

AN

99,

M. paniculatus (Lam.) Mill.Arg.

100.

M. philippensis (Lam.) MUll.Arg.

101.

Manihot esculenta Crantz

102.

Melanolepis multiglandulosa (Reinw. ex Blume
Rchb.f. & Zoll.

ANE N NE RN

103.

Microstachys chamaelea (L.) MUll.Arg.

AN

104.

Paracroton pendulus (Hassk.) Miq.

105.

Pedilanthus tithymal oides (L.) Poit.

<\

106.

Phyllanthus acidus (L.) Skeels

107.

. amarus Schumach. & Thonn.

108.

. elegans Wall. ex Mull.Arg.

109.

.emblica L.

110.

. mirabilis MUll.Arg.

111.

. orientalis (Craib) Airy Shaw

112.

. oxyphyllus Miq.

NN ANENIENENEN

113.

. polyphyllus Willd.

114,

. pulcher Wall. ex Mull.Arg.

115.

. reticulatus Poir.

116.

T U U U U U U U T T©

.urinaria L.

117. P

. virgatus G. Forst.

118.

Ricinus communis L.

119.

Sauropus androgynus (L.) Merr.

SRR NN N

BRT Research Reports 2001

o

NonuwnIselulasens BRT 2544




Appendix 2. (cont.)

SPECIES USES
Medicinal Edible Wood | Ornamental Others

120. Sauropus quadrangularis (Willd.) Mall.Arg. v

121. Shirakiopsisindica (Willd.) Esser v v
122. Srophioblachia fimbricalyx Boerl. v
123. Suregada multiflorum (A.Juss.) Baillon v

124. Thyrsanthera suborbicularis Pierre ex Gagnep. v

125. Trewia nudiflora L. v v v
126. Triadica cochinchinensis Lour. v

127. Trigonostemon longifolius Baillon v

128. T. reidioides (Kurz) Craib v

129. Verniciafordii (Hemsl.) Airy Shaw v v
130. V. montana Lour. v v

Appendix 3. The species of Euphorbiaceae areedptir mostly found in limestone hills.

Acalypha brachystachya Hornem.

A. mairei (Lévl.) Schneid.

A. pleiogyne Airy Shaw

A. siamensis Oliv. ex Gage

Actephila collinsae Hunter

A. excelsa (Dalzell) Mull.Arg. var. excelsa

A. excelsa (Dalzell) Mull.Arg. var. acuminata Airy Shaw
A. ovalis (Ridl.) Gage

Antidesma japonicum Siebold & Zucc. varjaponicum
A. neurocarpum Mig. var. neurocarpum

A. sootepense Craib

A. tomentosum Blume var tomentosum

A. velutinosum Blume

A. velutinum Tul.

Aporosa aurea Hook.f.

A. microstachya (Tul.) Mull.Arg.

A. octandra (Buch.-Ham. ex D.Don) Vickery vaoctandra
A. octandra (Buch.-Ham. ex D.Don) Vickery vamalesiana
A. octandra (Buch.-Ham. ex D.Don) Vickery vayunnanensis
A. villosa (Wall. ex Lindl.) Baill.

Baccaurea motleyana (Muill.Arg.) Mull.Arg.

Blachia andamanica (Kurz) Hook.F.

B. siamensis Gagnep.

Breyniaretusa (Dennst.) Alston

Bridelia affinis Craib

B. curtisii Hook.f.

B. glauca Blume

B. insulana Hance

B. ovata Decne.

B. stipularis (L.) Blume

B. tomentosa Blume

Cladogynos orientalis Zipp. ex Span.

Claoxylon indicum (Rienw. & Blume) Hassk.

C. longifolium (Blume) Endl. ex Hassk.

Cleidion spiciflorum (Burm.f.) Merr.

Cleistanthus gracilis Hook.f.

C. hirsutulus Hook.f.

C. myrianthus (Hassk.) Kurz

C. praetermissus Gage

Cnesmone laevis (Ridl.) Airy Shaw

C. lacotica (Gagnep.) Croizat

Croton acutifolius Esser

C. cascarilloides Raeusch.

C. crassifolius Geiseler

C. lachnocarpus Benth.

C. roxburghii N.P.Balakr.

C. wallichii Mall.Arg.

Drypetes hainanensis Merr.

D. harmandii Pierre ex Gagnep.

Drypetes hoaensis Gagnep.

51. D. perreticulata Gagnep.

52. D.roxburghii (Wall.) Hurusawa

53. Erismanthus obliquus Wall.
54. Excoecarialaotica (Gagnep.) Esser

55. E. oppositifolia Griff.

56. Falconeriainsigne Royle
57. Flueggea virosa (Roxb. ex Willd.) Voigt
58. Glochidion coccineum (Buch.-Ham.) Mull.Arg.

59. G. eriocarpum Cham

60. G. kerrii Craib

61. G.khasicum (Muller.Arg.) Hook.f.

62. G.rubrumBlume
63. G. wallichianum Mll.Arg.
64. Leptopusaustralis (Zoll. & Moritzi) Pojark.
65. L. diplospermus (Airy Shaw) G.L.Webster

66. Macaranga samensis S.J.Davies

67. Mallotus barbatus Mull.Arg.
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. brevipetiolatus Gage
. cuneatus Ridl.
. dispar (Blume) Mill.Arg.
. floribundus (Blume) Mill.Arg.
. hymenophyllus Airy Shaw
. macrostachyus (Miq.) Mull.Arg.
miquelianus (Scheff.) Boerl.

. pallidus (Airy Shaw) Airy Shaw
. peltatus (Geiseler) Mull.Arg.
penangensis Mill.Arg.

. philippensis (Lam.) Mull.Arg.
. repandus (Willd.) Mull.Arg.

. resinosus (Blanco) Merr.

. spodocarpus Airy Shaw

. subpeltatus (Blume) Mull.Arg.

83. Manihot esculenta Crantz
84. Phyllanthus clarkei Hook.f.

85. P. mirabilis MUll.Arg.
86. P. orientalis (Craib) Airy Shaw

87. P. sikkhimensis Mull.Arg.
88. Richeridlagracilis (Merr.) Pax & K. Hoffm.

89. Sauropus amoebiflorus Airy Shaw

90. S androgynus (L.) Merr.
91. S bicolor Craib

92. S brevipes Mill.Arg.

93. S garrettii Craib

94. S macranthus Hassk.
95. S orbicularis Craib
96. S poomae Welzen & Chayamarit

97. S quadrangularis (Willd.) Mull.Arg. var. puberulus Kurz
98. Sumbaviopsis albicans (Blume) J.J. Sm.

99. Wetriainsignis (Steud.) Airy Shaw
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Palynological Study of Euphorbiaceaein Thailand
K osum Pyramarn®, Chumpol K hunwasi*, K anda K asetsinsombat? and Ratapong Puangtaptim®
!Department of Botany, Faculty of Science, Chulalongkorn University, Bangkok 10330
’Department of Pharmarcology, Faculty of Medicine, Siriraj Hospital, Mahidol University, Bangkok 10700

Abstract: Pollen materials obtained from fresh and herbarium specimens of euphorbiaceaous species
found in Thailand were acetolysed. Measurements and morphological observations were made using a
Nikon AFX 35, with a x10 eyepieces and x100 immersion objective. All measurements were based on
at least 10 pollen grains. The external ultrastrastructure of pollen grains was observed by scanning
electron microscope. The SEM micrographs were taken using a JEOL JSM 5410 LV. A conspicuous
morphological diversity of euphorbiaceous pollen is evident from the various types of apertural systems
and ornamentation. Pollen morphology may possibly be used to identify different taxonomic ranks in
this family, even to species level.

Key words. Euphorbiaceae, pollen

Introduction

The Euphorbiaceae is most prolific in species and can be regarded as a large dicotyledonous
family. Its distribution covers a vast area of the world. There are altogether about 300 genera of 8000
species. In Thailand, there are about 83 genera of more than 400 species of these plants. Many of them are
of economic value. But there is a need to obtain essential data on pollen morphology that should be studied
alongside with that of plant taxonomy. Palynological data of this family will provide a fundamental
instrument to give substantial support to plant taxonomic data as well as to relevant applied botany. In
addition to research in the field of palynology, some data can be used in a pollen atlas to be made as a
handbook and reference text. These palynological data are also good for research in other fields and as
reference data, such as for melissopalynology (honey bee culture), pollen allergy diagnosis, plant ecology,
as well as deposition investigation by pollen analysis.

Palynological works on Euphorbiaceae are limited, especially in south-east Asian countries. The
available data on Asian Euphorbiaceae pollen is rather scanty and is found scattered in the works of Khan
(1968), Nair (1971) and Huang (1972). In addition to the works of Wodehouse (1935) and Erdtman (1952),
which represents the pioneer pollen morphological descriptions of some species, it was Punt (1962) who
made the first synthesis of pollen morphological data for taxonomic discussion of Euphorbiaceae in his
work “Pollen morphology of the Euphorbiaceae with special reference to taxonomy”.

Methods

Pollen materials, i.e. whole inflorescences, excised flowers, stamens and/or anthers, were
collected, depending on the species and the circumstances, from fresh materials or herbarium
specimens provided by the Royal Forest Herbarium, Bangkok, and the Kasin Suvatabhandhu
Herbarium, Chulalongkorn University, Bangkok. Each sample was treated by the acetolysis method
(Erdtman, 1952) for both light and scanning electron microscopic studies. For SEM, all materials were
studied and photographed on a JOEL JSM 5410 LV scanning electron microscope. Permanent light
microscopic slides were prepared for most samples, except for those few in which materials were
available only for SEM work

Pollen Morphology of Thai Euphorbiaceae

Acalypha L. (Fig. 2D)

Acalypha pollens are small (P = 11-15 E = 11-1514). Grain shape is suboblate to spheroidal (P/E
= 0.46-1.00). The equatorial outline is circular to elliptic. The polar view is circular-triangular to
quadrangular (in 4 aperturate grain&galypha pollens are 3 (4) 5-zonocolporate. The ectoapertures are
very short, sometimes hardly visible under the light microscope. The endoapertures are lalongate or
lolongate, rounded or elliptic, pori. The exine is tectate. The ornamentation is psilate (LM) or rugulate with
sparse, minute, granulate sexine elements.
Actephila Blume

Pollen ofActephila excelsa is medium-sized (P = 24-38 E = 21-24u). Grain shape is subprolate
to prolate (P/E = 1.13-1.33). The equatorial outline is elliptic-circular with slightly convex or flattened
poles. The polar view is quadrangular-circular with convex sides. The pollen grain is 4-zono-colporate,
semi-tectate. The ectoapertures are relatively long. The endoapertures are lalongate, short elliptic pori. The
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ornamentation is microreticulate. The reticulum is, more or less, angular. The muri is broaden at base and
tapering to the top forming the sharp edge. The lumina is rounded or elliptic.
Agrostistachys Dalz.

Pollen of Agrogtistachys is small (P = 17-231, E = 15-22y). Grain shape is sub-prolate (P/E =
1.00-1.33). The equatorial outline and polar view is circular. The pollen grain is 3-zonocolporate. The
ectoapertures are widely open, relatively long, slightly shorter than the polar axis, with broad margo. The
endoapertures are circular pori. The ornamentation is coarsely reticulate. The lumina are irregular in shape
and size.

Alchornea Sw.

Pollen ofAlchornea is small (P = 16-2Q, E = 15-191). Grain shape is prolate-spheroidal to
subprolate (P/E = 0.95-1.33). The equatorial outline is elliptic. The polar view is triangular-circular. The
pollen grain ofAlchornea is 3-zonocolporate. The ectoapertures are long, opened. The endoapertures are
endocingulum. The ornamentation is granulate, perforate, or scabrate-rugulate.

Aleurites Forster &G. Porster

Aleurites pollen grains are small (P = 17-i9E = 16-17u). Grain shape is prolate-spheroidal (P/E
= 1.00-1.12). The equatorial outline is elliptic-circular or rhomboid. The polar view is triangular-circular.
The pollen grains ofAleurites are 3-zonocolporate. The ectoapertures are narrow, rather long. The
endoapertures are endocingulum. The ornamentation is roughly rugulate.

Antidesma L.

Antidesma pollen grains are small to very small (P = 17p24& = 8.9-134). Grain shape is prolate
to perprolate (P/E = 1.50-2.20). The equatorial outline is obtuse, or acute, elongate oblong. The polar view
is triangular with convex sides or subcircular. The pollen grain is 3-zonocolporate semi-tectate. The
ectoapertures are narrow, very long, as long as the polar axis. The endoapertures are endocingulum. The
ornamentation is generally fine striato-reticulate or reticulate, often seen in psilate under the light
microscope.

Aporusa Blume

Aporusa pollen grains are small. Grain shape is prolate-spheroidal to oblate-spheroidal. The
equatorial outline is obtuse, or acute-elliptic. The polar view is 3-lobed or triangular-circular, with slightly
straight side. Pollen grains 8porusa are 3-zonocolporate. The ecto-apertures are narrow, relatively long,
slightly shorter than the polar axis. The endoapertures are lalongate, oblong-elliptic with diffused lateral
ends, or narrow endocingulum. The ornamentation is usually micro-reticulate. The muri are occasionally at
base and tapered upward forming sharp ridges.

Baccaurea Lour.

Baccaurea pollen grains are small (P = 13-I9E = 9-14y). Grain shape is prolate-spheroidal to
prolate (P/E = 1.14-1.50). The equatorial outline is circular to elliptic. The polar view is circular to
triangular with convex sides. Pollen grains Bdccaurea are 3-zonocolporate. The ectoapertures are
narrow, long, slightly shorter than polar axis. The endoapertures are lalongate, elliptic colpi, with distinct
costae. The ornamentation is microreticulate or foveolate.

Balakata

Balakata pollen grains are medium-sized (P = 20427E = 14-20p). Grain shape is oblate-
spheroidal to prolate-spheroidal (P/E = 1.22-1.75). The equatorial outline is circular. The polar view is 3-
lobed. Pollen grains oBalakata are 3-zonocolporate. The ectoapertures are narrow with thin, psilate
margo. The endoapertures are lalongate, elliptic pori. The ornamentation is fine rugulate-reticulate.
Baliospermum

Baliospermum pollen grains are medium-sized (diameter of grains = 2p)3%Grain shape is
spheroidal (P/E = 1). Pollen grain Baliospermum are intectate, inaperturate. The ornamentation is
croton-pattern. The structure elements that formed croton configuration are circular to triangular-circular in
outline, somewhat irregular in shape and size, with smooth surface, or deeply lobed. There are small,
irregular sexine elements within circular area of croton configuration.

Bishofia Blume

Pollen grains oBishofia are small (P = 17-2, E = 13-174). Grain shape is prolate-spheroidal to
prolate (P/E = 1.06-1.35). The equatorial outline is elliptic. The polar view is 3-lobed or ciBidhafia
pollen grain are 3-zonocolporate. The ectoapertures are narrow, very long, slightly shorter than the polar
axis. The endoapertures are lalongate pori or narrow endocingulum. The ornamentation is microreticulate.
The muri are irregular in shape, wavy and uneven thickening, usually thickening, usually thicker at base.
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Blachia

Pollen grains oBlachia are medium-sized to large (diameter of grains = 2Bj3Zrain shape is
spheroidal (P/E = 1). Pollen grains Blifachia are semitectate, inaperturate. The ornamentation is croton-
pattern. The structure elements that formed croton configuration are circular to elliptic in outline with
smooth surface and stand on the narrow tectum. There are small, irregular, granular sexine elements within
the circular area of croton configuration.

Blumeodendron (Muell. Arg.) Kurz.

Blumeodendron pollen is small (P = 15-1j, E = 15-184). Grain shape is oblate-spheroidal (P/E =
0.97-1.07). The equatorial outline is circular. The polar view is circi@laumeodendron pollen is 3-
zonocolporate. The ectoapertures are rather narrow, very short. The endoapertures are circular pori.
Vestibulum can be discerned. The ornamentation is foveolate with small granules. The perforation is
irregular in shape and size.

Bridelia Wild. (Fig. 2C)

Pollen grains oBridelia are small. Grain shape is prolate-spheroidal to perprolate (P/E = 1.00-
1.47). The equatorial outline is circular to circular-oblong. The polar view is cir8uldglia pollen grains
are 3-zonocolporate. The ectoapertures are rather opened to broadly opened, relatively long. The
endoapertures are lalongate pori or lalongate elliptic with diffused lateral ends. The ornamentation is more
or less striato-reticulate.

Breynia

Pollen grains oBreynia are small (P = 17-22, E = 19-25). Grain shape is spheroidal to
suboblate (P/E = 0.81-0.95). The equatorial outline is circular to slight elliptic. The polar view is circular to
slightly multilobate with straight to convex sidéireynia pollen grains are 7-10-zonodiploporate. The
ectoapertures are narrow, relatively long, slightly shorter than polar axis, with distinct margo. The
endoapertures are lalongate, circular or slightly short elliptic. The ornamentation is coarse reticulate.
Lumina are irregular in shape and size, with rounded angles.

Chaetocarpus Thwaites.

Pollen grains ofChaetocarpus is small (P = 21-254, E = 15-21p). Grain shape is prolate-
spheroidal to prolate (P/E = 1.04-1.40). The equatorial outline is elliptic. The polar view is triangular-
circular or slightly 3-lobedChaetocarpus pollen grains are 3-zonocolporate. The ectoapertures are rather
narrow, relatively long, slightly shorter than the polar axis. The endoapertures are elliptic pori. The
ornamentation is psilate (LM) or finely rugulate-fossulate (SEM).

Cladogynos

Pollen grains ofCladogynos are small (P = 30-3%, E = 28-34p). Grain shape is prolate-
spheroidal (P/E = 0.88-1.16). The equatorial outline is broad elliptic. The polar view is circular.
Cladogynos pollen grain is 3-zonocolporate. The ectoapertures are narrow and rather opened, long, slightly
shorter than the polar axis. The endoapertures are endocingulum. The ornamentation is microreticulate.
Muri is as broad as lumina.

Claoxylon A. Juss

Claoxylon pollen is small (ca. P = 18, E = 16). Grain shape is prolate spheroidal to oblate-
spheroidal. The equatorial outline is broad elliptic; the polar view is quadrangular-circular with slightly
convex or straight sideClaoxylon pollen grain is always 4-zonocolporate. The ectoapertures are narrow,
long to rather short colpi, slightly widened at the equator. The endoapertures are lalongate to lolongate
short colpi or pori. The grain is tectate-perforate. The ornamentation is rugulate with scabrate or granulate
sexine elements.

Cleidion

Pollen grains ofCleidion are small (P = 17-2{1, E = 16-19). Grain shape is spheroidal to
prolate-spheroidal. The equatorial outline is broad-elliptic. The polar view is cir€liadion pollen
grains are 3-zonocolporate. The ectoapertures are narrow, rather short to relatively long. The endoapertures
are broad elliptic or slightly rounded with diffused lateral ends. The ornamentation is psilate to faint
verucate.

Cleistanthus Hook. F. ex Planchon

Pollens ofCleistanthus hirsutus are medium-sized (P = 24-30Q E = 21-27u). Grain shape is
prolate-spheroidal to subprolate (P/E = 1.04-1.28). The equatorial outline is circular-elliptic. The polar view
is circular to triangular with convex side€leistanthus pollen grains are 3-zonocolporate. The
ectoapertures are rather narrow, but broadly opened at equator, and suddenly tapering towards the poles.
The endoapertures are lalongate, broad elliptic or circular, pori. The ornamentation is reticulate (LM) or
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striato-reticulate (SEM). Muri long, run parallel to colpi, sometimes forked or anastomosed. Reticulation
occurs along the grooves; irregular in shape and size.
Cnesmone Blume

Pollen grains ofCnesmone javanica are medium (diameter of grain ca. B Grain shape is
spheroidal. The apertural system is inaperturate. The tectum is tectate-perfortate. The ornamentation is
granulate-perforate. However, the tectum is irregularly raised up resulting in a wrinkle-undulating texture
of the grain.

Croton

Croton pollen grains are medium-sized to large (diameter of grains = 26-68rain shape is
spheroidal (P/E = 1). Pollen grains@foton are intectate, inaperturate. The structure elements that formed
croton configuration are circular to triangular-circular in outline, somewhat irregular in shape and size, with
smooth surface, or deeply lobed. There are small, irregular, granular sexine elements within the circular
area of croton configuration.

Dalechampia L. (Fig. 2B)

Pollen grains ofDalechampia are large (P = 55-9%, E = 38-76|). Grain shape is prolate-
spheroidal to prolate (P/E = 1.10-1.50). The equatorial outline is elliptic-oblong. The polar view is
triangular-circular and slightly 3-lobeB.alechampia pollen grains are 3-zonocolporate. The ectoapertures
are narrow, short to rather short. The endoapertures are broad endocingulum. The ornamentation is coarsely
reticulate. The muri is much narrower than the lumina. Lumina are irregular in shape and size, but usually
with rounded angles. The columellae are very long, distinct.

Drypetes

Pollen grains oDrypetes are medium-sized (P = 23-30 E = 16-27). Grain shape is spheroidal
to subprolate (P = 0.92-1.33). The equatorial outline is elliptic. The polar view is circular or 3-lobed.
Drypetes pollen grains are 3-zonocolporate. The ectoapertures are narrow, slit-like or widely opened, very
long, slightly shorter than the polar axis. The endoapertures are lalongate, elliptic colpi or endocingulum.
The ornamentation is coarse reticulate or fine rugulate-fossulate.

Elateriospermum Blume

Pollen grains oElateriospermum are medium-sized to large (diameter of grains = 3g)5@rain
shape is spheroidal (P/E = 1Blateriospermum pollen grains are inaperturate, tectate. The structure
elements that formed croton configuration are elongated clavate with psilate surface.

Endospermum Benth.

Endospermum pollen grain is small (P = 25-3Q E = 18-27u). Grain shape is prolate-spheroidal
to subprolate (P/E = 1.04-1.44). The equatorial outline is obtusely elliptic-oblong. The polar view is
circular or 3-lobedEndospermum pollen grain is 3-zonocolporate. The colpi are rather short, or long. The
ornamentation is croton-pattern. The sixine elements on the tectum that formed croton configuration are
irregular in shape and size.

Epiprinus Griffith.

Pollen grains oEpiprinus are medium-sized (P = 18-20 E = 16-19u). Grain shape is prolate-
spheroidal to subprolate (P/E = 1.00-1.19). The equatorial outline is circular or obtusely elliptic. The polar
view is triangular-circularEpiprinus pollen grains are 3-zonocolporate. The ectoapertures are slightly
opened, relatively long, with distinct thin psilate margo. The endoapertures are endocingulum. The
ornamentation is microreticulate. The muri are broadened at base and gradually tapered to the apex,
forming a sharp ridged tectum.

Erismanthus

Erismanthus pollen grains are small (P = 21-26 E = 15-18y). Grain shape is subprolate to
prolate (P/E = 1.31-1.44). The equatorial outline is circular. The polar view is obtuse triangular with
convex sides. Pollen grains &fismanthus are 3-zonocolporate. The ectoapertures are very short. The
endoapertures are lalongate, elliptic pori. The ornamentation is granulate.

Euphorbia L.

Pollen grains oEuphorbia are small to large (P = 18-34 E = 12-40u). Grain shape is prolate-
spheroidal to prolate (P/E = 0.97-1.66). The equatorial outline is circular to elliptic-oblong. The polar view
is triangular, triangular-circular or slightly 3-lobeHuphorbia pollen grains are 3-zonocolporate. The
ectoapertures are long to very long. The endoapertures are lalongate, circular or elliptic pori. The
ornamentation is perforate, microreticulate, reticulate.

Exoecaria L.

Pollen grains oExoecaria are medium-sized (P = 20-48 E = 18-29p). Grain shape is oblate-

spheroidal to prolate-spheroidal (P/E = 0.95-1.64). The equatorial outline is circular. The polar view is 3-
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lobed or circular.Exoecaria pollen grains are 3-zonocolporate. The ectoapertures are slightly opened,
relatively long, with distinct, broad, psilate margo. The endoapertures are lalongate colpi with parallel side.
The ornamentation is tectate-perforate to microreticulate.

Falconeria

Pollen grains ofFalconeria are medium-sized (P = 26-35 E = 21-26p). Grain shape is
spheroidal to prolate (P/E = 1.00-1.47). The equatorial outline is circular to broad elliptic. The polar view is
circular or subtriangular with convex sideBalconeria pollen grains are 3-zonocolporate. The
ectoapertures are slightly opened, especially at the equator, slightly shorter than the polar axis, with broad
psilate margo. The endoapertures are lalongate elliptic colpi with acute ends. The ornamentation is
microreticulate to perforate.

Flueggea Willd.

Pollen grains ofluggea are small (P = 13-1@, E = 9-12y). Grain shape is prolate (P/E = 1.3-

1.6). The equatorial outline is elliptic. The polar view is 3-lobed or circhlaeggea pollen grains are 3-
zonocolporate. The ectoapertures are narrow, relatively long, slightly shorter than the polar axis. The
endoapertures are lalongate, elliptic pori. The ornamentation is microreticulate. Muri are narrower than the
lumina.

Glochidion Forster & Forster f.

Pollen grains o6Glochidion are small to medium-sized (P = 17422E = 16-20u). Grain shape is
spheroidal to perprolate (P/E = 1.00-1.16). The equatorial outline is circular to elliptic. The polar view is
circular. Pollen grains dBlochidion are 3-5-zonocolporate. The ectoapertures are rather narrow, relatively
long. The endoapertures are circular pori. The ornamentation is coarse reticulate with uniform round
lumina, muri distinctly much narrower than lumina.

Hevea Aublet.

Pollen grains oHevea are medium-sized (P = 25-28 E = 28-331). Grain shape is spheroidal to
oblate-spheroidal (P/E = 0.82-1). The equatorial outline is elliptic. The polar view is cirBolégn grains
of Hevea are 3-zonocolporate. Colpi are narrow, very long. The ornamentation is croton-pattern.
Homalanthus A.Juss. (Fig. 1B)

Homalanthus pollen grains are medium-sized (P = 2026 = 15-24y). Grain shape is oblate-
spheroidal to prolate-spheroidal (P/E = 0.95-1.09). The equatorial outline is circular-elliptic or narrow-
elliptic. The polar view is 3-lobed or triangular-circular. Pollen graindafalanthus are 3-zonocolporate.

The ectoapertures are narrow or opened, very long, slightly shorter than the polar axis, with broad, psilate
margo. The endoapertures are lalongate, elliptic pori. The ornamentation is perforate.
Homonoia ?

Homonoia pollen grains are medium-sized (P = 20{24E = 17-24y). Grain shape is prolate-
spheroidal to subprolate (P/E = 1.00-1.35). The equatorial outline is elliptic. The polar view is 3-lobed.
Pollen grains oHomonoia are 3-zonocolporate. The ectoapertures are opened, very long, slightly shorter
than the polar axis. The endoapertures are lalongate, elliptic pori. The ornamentation is granulate.

HuralL.

Pollen grains oHura crepitans are large (P = 50-64, E = 45-52|1). Grain shape is prolate-
speroidal to subprolate (P/E = 1.04-1.20). The equatorial outline is circular to slightly elliptic. The polar
view is triangular-circularHura pollen is 3-zonocolporate. The ectoapertures are narrow and relatively
long, slightly shorter than the polar axis. The endoapertures is lalongate broad, elliptic colpi, with costae
endocolpi. The exine is tectate. The ornamentation is psilate (LM), or microperforate with sparsely minute
granules (SEM).

Hymenocardia Wallich ex. Lindley

Pollen grains oHymenocardia are small (P = 13-18, E = 14-20p). Grain shape is oblate-
speroidal (P/E = 0.81-0.94). The equatorial outline is circular to subquadrangular. The polar view is circular
or 3-lobed Hymenocardia pollen grains are 3-zonocolporate. The apocolpium is very broad. The apertures
are circular or elliptic pori. The ornamentation is rugulate-fossulateT(sgmostemon)

Leptopus Decne. (Fig. 1C)

Pollen grains of eptopus are small to medium-sized (P = 19422E = 21-26y). Grain shape is
suboblate to prolate (P/E = 0.77-1.86). The equatorial outline is circular-elliptic. The polar view is circular
to 3-lobed.Leptopus pollen grains are 3-zonocolporate or 11-12 diploporaté dopus australis). The
ectoapertures are narrow, very long, slightly shorter than the polar axis. The endoapertures are rounded, or
elliptic pori. In Leptopus australis, the positions of the two pori of each ectoaperture vary from ectocolpus
to ectocolpus. The exine is semitectate. The ornamentation is microreticulate with rounded or elongated
lumina.
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Macaranga Thouars.

Pollen grains oMacaranga are small (P = 16-19, E = 15-18u). Grain shape is suboblate to
spheroidal (P/E = 0.91-1.00). The equatorial outline is circular. The polar view is cifdalzranga
pollen grains are 3-zonocolporate. The ectoapertures are narrow, relatively short. The endoapertures are
lalongate, elliptic colpi. Polar field is broad. The ornamentation is perforate with scattered scabrate sexine
elements.

Mallotus Lour.

Mallotus pollen grains are small to medium-sized (P = 1642E = 15-18u). Grain shape is
oblate-spheroidal to prolate-spheroidal (P/E = 0.88-1.53). The equatorial outline is elongate elliptic to
elliptic-oblong. The polar view is circular to 3-lobed. Pollen grainMalfiotus are 3-zono-colporate. The
ectoapertures are narrow or slit-like, slightly shorter than the polar axis. The endoapertures are
endocingulum. The ornamentation is perforate with scattered scabrate, or granulate-sexine elements.
Manihot Miller. (Fig. 1A)

Manihot pollen grains are very large (diameter of grain = 80{153Grain shape is spheroidal.

The equatorial outline and the polar view are circlN&anihot pollen is inaperturate, intectate grain. The
ornamentation is croton—pattern. The structure elements that formed croton configuration are clavate with
triangular in polar outline.

Margaritaria L.f.

Pollen grains oMargaritaria are small (P = 15-18, E = 12-16). Grain shape is subprolate (P/E
= 1.12-1.38). The equatorial outline is obtusely elliptic. The polar view is 3-ldbadjaeitaria pollen
grains are 3-zonocolporate. The ectoapertures are narrow, long to very long, slightly shorter than the polar
axis; with distinct margo. The endoapertures are circular pori. The exine is semitectate. The ornamentation
is coarsely reticulate. The muri is distinctly narrower than the lumina. Lumina are irregular in shape and
size but usually with rounded angles.

Megistostigma Hook.f.

Megistostigma pollen grains are medium-sized (P = 29423E = 35-38p). Grain shape is
suboblate to oblate-spheroidal (P/E = 0.76-0.94). The equatorial outline is elliptic. The polar view is 3-
lobed or triangular-circular. Pollen grains Miegistostigma are 3-zono-colporate. The ectoapertures are
very short. The ornamentation is scabrate.

Melanolepis Reichb.f.ex.Zoll.

Pollen grains ofMelanolepis are small (P = 21-3Qu, E = 23-28p). Grain shape is oblate-
spheroidal to prolate-spheroidal (P/E = 0.92-1.16). The equatorial outline is elliptic to circular elliptic. The
polar view is triangular with slightly convex or straight siddslanolepis pollen is 3-zonocol-porate. The
ectoapertures are broad, widened at the equator and tapering towards the poles. The endoapertures are very
large circular pori (diameter ca.|8. The fastigium and annulus can be discerned. The exine is semi-
tectate. The ornamentation is reticulate. Lumina are rounded or elongate and irregular in size. Muri are as
broad as or narrower than lumina.

MercurialisL.

Pollen grains ofMercurialis are small (P = 15-191, E = 14-17). Grain shape is prolate-
spheroidal (P/E = 1.00-1.21). The equatorial outline is circular to oval-elliptic. The polar view is circular or
slightly 3-lobed. Pollen grains dflercurialis are 3-zonocolporate. The ectoapertures are rather short to
long, distinct or indistinct. The endoapertures are rather large, lalongate pori. The ornamentation is
recticulate. Lumina is irregular in shape and size, but usually with rounded angles. The muri is distinctly
narrower than lumina, with spinules or granules on top.

Microdermis Hook.f.ex Hook.

Microdermis pollen grains are small (P = 9-12 E = 8-12). Grain shape is oblate-spheroidal to
prolate-spheroidal (P/E = 0.90-1.25). The equatorial outline is subcircular to elliptic. The polar view is
circular. Pollen grains oMicrodermis are 3-zonocolporate. The ectoapertures are narrow, very long,
slightly shorter than the polar axis. The endoapertures are very small, circular pori. The ornamentation is
microreticulate. Lumina are irregular in shape and size. Muri are thicker at base and tapering towards the
top. The tops of muri in the optical section are pointed.

Microstachys

Pollen grains oMicrostachys are small (P = 25-3, E = 19-22). Grain shape is subprolate to
prolate (P/E = 1.25-1.50). The equatorial outline is elliptic. The polar view is circular. Pollen grains of
Microstachys are 3-zonocolporate. The ectoapertures are narrow, rather long, slightly shorter than the polar
axis. The endoapertures are very small, circular pori. The ornamentation is microreticulate. Lumina are
circular or oval and irregular in size. Muri as broad as or broader than the width of lumina.
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Neoscortechinia Pax. (Fig. 2A)

Pollen grains ofNeoscortechinia are small (P = 14-1f, E = 16-18y). Grain shape is prooblate
(P/E = 0.82-0.88). The equatorial outline is elliptic to circular. The polar view is circular. Pollen grains of
Neoscortechinia are 3-zonocolporate. The ectoapertures are rather narrow, relatively short. The
endoapertures are small, indistinct, circular pori or endocingulum. The ornamentation is microechinate;
spines with spiral ridges.

Ostodes Blume

Pollen grains ofOstodes katharinae are medium (diameter of grain ca. By. Grain shape is
spheroidal. The tectum is semitectate. The apertural system is inaperturate. The ornamentation is croton-
pattern. The croton-configurated elements are clavate with shallow grooves. The pollen grains are very
much similar tdParacroton.

Paracroton Miq. (= Fahrenheitia Reichb.f.&Zoll. Ex Muell.Arg.)

Paracroton pendulus pollen grains are rather small (diameter of grains ca1)3@rain shape is
spheroidal. The grain is inaperturate and semitectate. The ornamentation is croton-pattern. The structure
elements that format croton configuration are clavate with shallow longitudinal ridges.

Pedilanthus Necker et Poit.

Pedilanthus pollen is medium or large-sized (P = 48459E = 50-57u). Grain shape is prolate-
spheroidal to oblate-spheroidal (P/E = 0.88-1.15). The equatorial outline is circular or subcircular. The
polar view is triangular with straight sides and obtuse angltilanthus pollen is 3-zonocolporate. The
ectoapertures are long to very long, as long as the polar axis, widened at the equator, with distinct psilate
margo. The endoapertures are lalongate, elliptic pori. The exine is tectate-perforate or semitectate. The
ornamentation is microreticulate to perforate with rounded lumina or perforation.

Phyllanthus L.

Phyllanthus pollen is medium or large-sized (P = 10427E = 9-221 or diameter of grains = 15-

27 W in apolar grain). Grain shape is prolate-spheroidal to oblate-spheroidal (P/E = 0.24-2.00). The
equatorial outline is circular or subcircular. The polar view is circi®ayllanthus pollen is 3-(4-5)-
zonocolporate, syncolporate, polyporate. The ectoapertures are rather short to very long, as long as, or
slightly shorter than the polar axis. The endoapertures are lalongate, circular pori. The exine is tectate-
perforate or semitectate. The ornamentation is perforate, clypeate, microreticulate, reticulate, with various
shape of lumina and muri.

Pimelodendron Hassk.

Pollen grains ofPimelodendron are small (P = 12-1p, E = 12-16). Grain shape is proate-
spheroidal to subprolate (P/E = 0.86-1.21). The equatorial outline is circulate. The polar view is triangular-
circular. Pimelodendron pollen grains are 3-zonocolporate, or 3-syncolporate in some grains. The
ectoapertures are slightly opened, relatively long. The endoapertures are circular pori. The ornamentation is
microreticulate, somewhat perforate, The muri are wavy.

Richeriella Pax & K. Hoffm.

Pollen grains oRicheriella gracilisis small (P = 11-131, E = 10-11u). Grain shape is prolate-
spheroidal (P/E = 1.09-1.10). The equatorial outline circular. The polar view is circular or slightly 3-lobed.
Richeriella pollen is 3-zonocolporate. The ectoapertures are narrow, relatively long, slightly shorter than
the polar axis. The endoapertures are very small, circular, pori (diametew)cd.hk exine is semitectate.

The ornamentation is coarse reticulate with irregular lumina and slightly undulated muri.
RicinusL.

Ricinus pollen grains are small (P = 21-BQE = 17-21u). Grain shape is subproblate to prolate
(P/E = 1.17-1.75). The equatorial outline is elliptic. The polar view is circBieinus pollen grain is 3-
colporate. The ectoapertures are narrow, long, slightly shorter than the polar axis. The endoapertures are
lalongate elliptic pori. The ornamentation is perforate with scabrate sexine elements.

Sampantaea Airy Shaw

Sampantaea pollen grains are small to medium-sized (P = 14+2& = 18-19u). Grain shape is
oblate-spheroidal to prolate-spheroidal (P/E = 0.94-1.11). The equatorial outline is elongate elliptic to
elliptic-oblong. The polar view is circular. Pollen grains $mpantaea are 3-zonocolporate. The
ectoapertures are narrow or slit-like, rather short. The endoapertures are endocingulum. The ornamentation
is granulate.

Sauropus Blume

Sauropus pollen is medium or large-sized (P = 1625E = 14-25W). Grain shape is prolate-

spheroidal to oblate-spheroidal (P/E = 0.72-1.37). The equatorial outline is circular or elliptic. The polar
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view is circular or lobedSauropus pollen is 4-16-zonodiploporate. The ectoapertures are long to very long,
as long as, or slightly shorter than the polar axis, straight or slightly winding, with or without thin psilate
margo. The endoapertures are lalongate, circular pori. The exine is tectate-perforate or semitectate. The
ornamentation is microreticulate, rugulate-reticulate, with various shapes of lumina and muri.
Shirakiopsis

Pollen grains oghirakiopsis are medium-sized (P = 25-33 E = 18-22)1). Grain shape is prolate
(P/E = 1.25-1.66). The equatorial outline is elliptic. The polar view is circular to 3-IGhadkiopsis
pollen grains are 3-colporate. The ectoapertures are narrow, relatively long, with broad, distinct, psilate
margo. The endoapertures are lalongate, elliptic colpi or endocingulum. The ornamentation is perforate to

microreticulate.
Spathiostemon Blume (Fig. 1D)

Pollen grains ofpathiostemon are small (P = 18-2f1, E =
16-20p). Grain shape is prolate-spheroidal (P/E = 1.00-1.25). "
equatorial outline is obtusely, oval-elliptic. The polar view
subcircular 3-lobed with straight, or slightly convex sid¢
Soathiostemon  pollen grains are 3-zono-colporate. Tt
ectoapertures are very narrow, relatively long. The endoapert
are endocingulum, or lalongate elliptic colpi. The ornamentatio!
striate. The muri are densely arranged with very narrow val
Muri are split into rows of semi-square shape elements.
Strophioblachia Boerl.

Srophioblachia pollen is small or medium-sized (diamett
of grain ca. = 331). Grain shape is spheroidal. The pollen grain
inaperturate, semi-tectate. The ornamentation is croton-pattern.
structure elements are clavate with shallow ridges. The circular
of the croton configuration is beset with irregular small clavate
granulate sexine elements.

Sumbaviopsis J.J.Sm.

Pollen grains oSumbaviopsis are small to medium-sizec
(P = 22-26y, E = 19-2411). Grain shape is prolate-spheroidal (P.
= 1.00-1.26). The equatorial outline is elliptic. The polar view
circular. Pollen grains oBumbaviopsis are 3-zonocolporate. The
ectoapertures are rather narrow, slightly shorter than the polar
with psilate margo. The endoapertures are lalongate, circular

Figure 1. Inaperturate and croton-
patterned pollen grain oManihot
esculentus (A). Tricolporate and
perforate pollen grain of
Homalanthus populneus (B).
Polyaperturate and reticulate pollen
grain of Leptopus australis (C).
Tricolporate and striate pollen grain
of Spathiostemon moniliformis (D).

The ornamentation is reticulate. The lumina are rounded or elongate

with, more or less, rounded angles. The muri are narrower -
lumina.
Suregada Roxb. ex Rottler
Suregada pollen grains are medium-sized (diameter
grain 25-384). Grain shape is spheroidal. Pollen grainSurégada
are intectate, pantoporate. Pori are large, circular to slightly ellif
The ornamentation is croton-pattern. The structure elements
clavate with smooth surface and undulate margins. The circular
of the croton configuration beset with irregular, small, granul
sexine elements.
Thyrsanthera Pierre ex Gagnepain
Pollen grains oThyrsanthera are medium-sized (P = 32-4!

Y, E = 27-33u). Grain shape is prolate-spheroidal to prolate (P/t
1.09-1.52). The equatorial outline is elliptic. The polar view
triangular with concave side§hyrsanthera pollen grains are 3-
zonocol-porate. The ectoapertures are narrow, slightly shorter
the polar axis. The endoapertures are lalongate pori or elliptic.
ornamentation is recticulate with, more or less, rounded al
lumina.
Trewia L.
Trewia pollen grains are small to medium-sized (P = 18-

20-24 ). Grain shape is oblate-spheroidal to prola

&r%g[ﬁ}?

W E =

NenwmIIeelulasens BRT 2544

Figure 2. Inaperturate and echinate

pollen grain of Neoscortechinia
sunratensio (A). Tricolporate and
coarse reticulate pollen grain of

Dalechampia falcata (B). Tricolporate
and striato-reticulate pollen grain of
Bridelia curtisii (C). Tricolporate and
rugulate-granulate pollen grain of
Acalypha kerrii (D).
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spheroidal (P/E = 0.75-1.10). The equatorial outline is elliptic to elliptic-oblong. The polar view is circular
to subtriangular. Pollen grains @fewia are 3-zono-colporate. The ectoapertures are narrow or slit-like,
rather short. The endoapertures are lalongate colpi with parallel side. The ornamentation is granulate.
Triadica

Pollen grains ofriadica are medium-sized (P = 28-86 E = 23-30u). Grain shape is subprolate
(P/E = 1.12-1.36). The equatorial outline is elliptic. The polar view is circular. Pollen grdinsdita are
3-colporate. The ectoapertures are rather narrow, very long, slightly shorter than the polar axis, with psilate
margo. The endoapertures are lalongate, elliptic colpi or endocingulum. The ornamentation is
microreticulate with, more or less, evenly distributed, uniform rounded or slightly elliptic lumina, muri as
wide as lumina.
Trigonostemon Blume

Pollen grains offrigonostemon are medium-sized to large (diameter of grain = 332t15Grain
shape is spheroidal (P/E = 1). Pollen grainsToigonostemon are semitectate, inaperturate. The
ornamentation is croton-pattern. The structure elements that formed croton configuration are circular to
elliptic in outline with smooth surface and stand on the narrow tectum. There are small, irregular, granular
sexine elements within the circular area of croton configuration.
Vernicia Lour.

Vernicia pollen is medium-sized or large (diameter of grain 42460Grain shape is spheroidal.
The pollen grain is inaperturate, semi-tectate. The ornamentation is croton-pattern. The structure elements
are clavate with triangular to subcircular outline in cross-section. The areas of the croton configuration are
irregular and beset with irregular small clavate of granulate sexine elements.

Pollenmor phological Trendsin the Euphorbiaceae

Euphorbiaceae has been recognised as a distinct eurypalynous family by most authors (Erdtman,
1952; Punt, 1975). As one of the large and divers families, variation in pollen morphology and structure
could be accepted. In the present study, 68 genera and more than 200 species, representing the subfamilies
Cortonoideae, Euphorbiodeae, Phyllanthoideae, etc., have demonstrated the existence of almost all
apertural types of dicotyledonous pollen. A diagramatic flow chart of the putative phylogenetic
relationships of apertural types is shown in Fig. 3.

Following the hypothesis of evolutionary
trends based on apertural developing of angiosperm

pollen, the inaperturates pollen could naturally \

succeed the Magonoliacean type. All genera belong to

this pollen type, including those in the subfamily @
Crotonoideae, have uniform pollen morphology and e
are significantly combined with croton-pattern of o 1.
ornamentation. Nowicke (1994) gave a valuable .- @

comment that inaperturate pollen is a restrictedussorm:

condition in the dicotyledons and its predominance in il
the subfamily Crotonoideae and its rarity in the \
remaining of Euphorbiaceae could lend support to the @ T
monophyly of inaperturate tribes. @
From this initial pollen type it seems that the P Pl
main evolutionary lines have consecutively evolve T
into multiplication and complexity of aperturation. = i t

Thus, there exists the simple apertural type of 3-colpi ~ w_ | e @
/ pori, the compound aperture of 3, 4, 5 or more up to
16 on each grain and the parasyncolporate type. ?

Hevea brasiliensis and Endospermum spp. @
are a few representative taxa of the 3-colpate type, Mt
and have been designated as members of tribes of A
subfamily Crotonoideae, pollen of which mostly +
appears inaperturate, sometimes pantoporate but more
rarely 3-colpate or very rarely 3-colporate (Nowicke, O
1994). The pollen type might be a transitional form iagiossmenie

taking place at the separation of two distinct, yet
related, pollen lines, which are the 3-porate type and.
3-colporate type. The represented taxa reflect th'gIgulre 3. The scheme of apertural trends.
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conformity to croton structure of inaperturate groups and the diversification towards 3-porate and 3-
colporate type. Size reduction of three furrows of three pores could be explained by available examples as
well as the hypothetical concept of few to many and simplicity to complexity and vice versa.

The 3-colporate type, a more progressive form of evolutionary line, is the largest group of all.
Nevertheless, being a 3-colporate and reticulate grain indicates it is a general type of dicotyledon pollen.
The majority of examined 3-colporate species appear in a reticulate ornamentation, sometimes rugulose or
striato-reticulate but rarely foveolate or perforate beset with fine structural elements. This fundamental
pattern and its derivatives indicate the possible phylogentic trends and close relations within
Euphorbiaceous major taxa. The reticulate pattern and deviant sculpturing (rugulate, striato-reticulate,
foveolate, and perforate) usually accompany all apertural types, except for the primitive inaperturate
condition. However, species belonging to Crotonoideae inevitably show the typical croton-structure, even
though their apertural systems are of other types, for example, the pantoparate dfainhof and
Suregada and the 3-colpate grain éfevea and Endospermum. Therefore, characterised by croton pattern,
any pollen of Euphorbiaceae could be easily distinguished as crotonoid pollen.

From the 3-colporate type the pollen line could converge further to the end at the polydiploporate
type. And in the opposite direction, it could diverge into the simple 3-porate type, spontaneously.
Hymenocardia punctata, the only representative taxon of 3-porate pollen found in the present study, has
large pores with a prominent annulus and finely rugulate-fossulate ornamentation.

Considering the closely related taxon that could phylogenetically bridge the two pollen types, the
characteristic and very short ectoaperturérefvia nudiflora L. should offer confirmation of this point.

Conclusions

The Euphorbiaceae display a fairly wide range of pollen morphological features, particularly in
grain ornamentation as well as in aperture types. While most euphorbiaceaous genera have their own
stenopalynous characters, some genera have eurypalynous ones Pytiastbus. On the basis of pollen
morphology, there is good evidence for the identification of different taxonomic ranks in the Euphorbiaceae
found in Thailand, even at species level.

The pollen morphological trends suggested here are based solely on the pollen grains of recent taxa
studied in the present study. Thus they can be only be hypothetical. Major trends in the aperture system,
which were found in this study are

1. colpate _— colporate

2. long ectocolpi _— short ectocolpi
3. increasing number of apertures

4. zonoaperturate —_— pantoporate
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Cytogenetic Study of Euphorbiaceaein Thailand
Puangpaka Soontor nchainacksaeng®, Taya Jenjittikul', Chadaporn Senakun®and Winai Thongpubal®
'Department of Plant Science, Faculty of Science, Mahidol University, Rajdhevee, Bangkok 10400
’Department of Biology, Faculty of Science, Khon Khaen University, Muang District, Khon Khaen 40002

Abstract: Euphorbiaceae were sampled from natural populations in several parts of Thailand.
Chromosome number and morphology from various meristematic tissues were investigated using
modifed Feulgen squash or smear techniques. Voucher specimens have been made for all samples and
deposited at the Department of Plant Science Herbarium at Mahidol University, at Khonkhaen
University and at the Royal Garden Suanluang, Rama IX, Thailand. About 200 species of 40 genera
were investigated. They showed a great diversity of chromosome numbers between and within genera
from 2n=16 to 124. Most species have very small chromosomes ranging from 1.0 fon3iB3ize.
Polyploids were found in both natural groups and cultivated pl&siscaurea, Breynia, Bridelia,
Cnesmone, Glochidion, Hevea, Jatropha andMacaranga showed uniform chromosome numbers within

each genusThe chromosomes of species in the gedestypha, Euphorbia andPhyllanthus were very

variable in size and number. Cytogenetic investigations of more than 100 species were made for the
first time. B chromosomes were found in some speci&hygfanthus andExcoecaria.

Results have provided original data on plant cytogenetics continuously during the 3 year research
period. They will not only provide fundamental data for further research, especially as a valuable
instrument to give substantial support to plant systematic research and phylogenetics, but are also useful
for plant improvement and fertility prediction. These will provide important suggestions for plant
conservation strategies. This genetic diversity study will be an important database and a part of the
Chromosome Atlas of Plants in Thailand.

Key words: Euphorbiaceae, chromosome number, chromosome morphology

Introduction

The cytological investigation of plants has proven interesting for five reasons. First, for the
study of plant systematics, chromosome numbers can be used as a basis of classification of species,
genera and families. Secondly, for plant breeders, the genetic structure of groups of plants and, in
particular, and information about what species may be crossed or mutations induced and with what
results, can be determined. In addition, which hybrids or mutants will be fertile or stable in a given
environment can be found out. Thirdly, for the recommendation of plant conservation strategies, e.g.,
plants that exist with B chromosomes or other fragments in excess to A chromosomes and polyploid
plants, except those showing amphipolyploidy are mostly characterised by low fertilility or are sterile.
Some plants cannot be propagated vegetatively. Consequently, they are at risk of extinction from the
natural habitat in the future. Fourthly, for the geneticist and evolutionist, to discover a fact of value for
phylogenetic study from chromosomal variation. Fifthly, for advanced study, cytological investigation
gives basic infomative knowledge for molecular genetics study.

Chromosome number and type can be determined from the karyotype. Germ line cells are
mostly derived from microsporocytes. They exhibit meiotic configurations that can be used to predict
fertility, determine ploidy level, analyse the genome, corroborate similarity or distinguish between
plants and have the same application as somatic chromosomes. There are many cytologists who have
studied chromosome numbers of plants and recorded basic data in various publications such as the
Chromosome Atlas of Cultivated Plants (Darlington and Ammal, 1945), the Chromosome Atlas of
Flowering Plants (Darlington and Wylie, 1955) and the Index to Plant Chromosome Numbers (for
example, Goldblatt, 1988; Moore, 1973; Moore, 1974).

The Development of Cytogenetic Techniques

The study of number and structure of chromosomes and of the numerous modifications of
structure and behavior as they relate to recombination, transmission and expression of genes is very
useful for various types of research, especially in taxonomic and phylogenetic study in developing
plant conservation strategies and in plant improvement. Cytologists have devised cytological
techniques from time to time to obtain precise information on chromosome numbers and
chromosomes structures, to examine cell mechanisms in plant species and to analyse genome and
chromosomal abberation. Squash and smear techniques are the basic methods for handling the mitotic
and meiotic chromosomes of all plant species along with karyotype analysis and meiotic
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configuration. Chromosome banding was developed to facilitate the identification of individual
chromosomes and Chromosome Image Analyzing System (CHIAS) has also been used for
karyotyping. Modern technologies that are used are chromosome microdissectiam aital
hybridization. Chromosome segments can be cut off specifically and used as specific probes for
molecular cytogenetic studyn situ hybridization is a very powerful technique for the detection of
specific nucleic acid sequences and for localizing highly repetitive DNA sequences in specific regions
of the chromosomes. The applicationinfsitu hybridization techniques in plants has lagged behind

their use in mammalian cytogenetics. The main handicap to its utilization is obtaining high-frequency
mitotic metaphase cells without cell walls and cytoplasmic debris as in mammalian cells. These
obstacles hinder hybridization of low-copy-number sequences of the chromosomes. Howsiter,
hybridization techniques (FISH: Fluorescem situ hybridization, GISH: Genomicin situ
hybridization and Chromosome painting) have been used to identify chromomes in several plant
species such as soybean and rice, and particularly wheat and its allies (Soontornchainaksaeng, 1999).
However, classical techniques like Fuelgen squash and smear methods are eternally very useful
because they need simple instruments and simple chemical reagents. The most important aspect of
cytogenetic study is the competence of chromosome identification. On the other hand, high technology
techniques likein situ hybridization are very expensive and require complicated instruments and
expensive chemical reagents but they are very powerful.

Cytogenetic Study of Plantsin Thailand

A cytological investigation of plants in Thailand has been conducted on particular genera
or families of interest. The main objectives are to support plant systematics and improvement. There
are many researchers interested in the cytogenetic study of plants in Thailand. Up until the year 2000,
chromosome numbers have been investigated in more than 75 families and 800 species and in about
1,000 cultivars (Table 1). This work includes research that has been formally published and that is
unpublished (Table 1). Most of them are flowering plants. There are 574 species and 664 cultivars of
monocotyledons and 214 species and 264 cultivars of dicotyledons. Chromosomes in plants of two
families, Orchidaceae and Zingiberaceae, have been investigated much more than other families; 181
cultivars, 178 species and 53 genera of Orchidaceae and 110 cultivars, 108 species and 14 genera of
Zingiberaceae have been investigated. Most investigated chromosomes were reported in
“Chromosome numbers review of monocotyledons from Thailand I, II, 11I” (Soontornchainaksaeng
and Chaiyasut 2001a, 2001b, Soontornchainaksaeng and Jenijittikul, 2001) and in “Chromosomal
variation of dicotyledons recorded from Thailand | and II” (Soontornchainaksaeng and Chaiyasut,
2001c). Gymnosperm and ferns were also investigated for 1 species and 5 species, respectively. These
cytological data will be valuable not only for further studies but also for avoiding repetitive research.
This preliminary information will continue to be recorded in the Chromosome atlas of plants in
Thailand.

Nevertheless, the Thai flora seems to be a blank page from a cytological point of view,
whereas in neigbouring areas like India and Japan, numerous works in this field have been published
during more than three decades. The records of chromosome numbers determined in Thai plants is, of
course, a small part only of the rich tropical flora that is indigenous to Thailand. Generally,
monocotyledons which are mostly herbaceous plants have, on average, less chromosome numbers than
woody plants (dicotyledons; shrubs and trees) while chromosome sizes are larger. Root tips of
monocotyledons are effective materials for chromosome investigation. They are pretreated for slide
preparation, are highly stained and chromosomes are easily identified. Consequently much more,
cytogenetic investigations of monocotyledons have been made than for dicotyledons. Cultivated plants
were also studied much more than Thai native wild types. Consequently it is very interesting to study
Thai native wild type plants which will provide valuable basic data for a variety of further studies or to
obtain original information about cytogenetics and plant cell biology.

Cytogenetic Study of Euphorbiaceaein Thailand
The Euphorbiaceae is recognized as one of the largest families among dicot plants. This
family comprises 8,000 species in about 300 genera (Perry 1978). Its members grow in a variety of
habitats from tropical to temperate areas and exhibit considerable diversity in growth types. The
family is characterized as follows: Trees or shrubs, more rarely herbs, a few twining and frequently
laticiferous; Leaves simple and usually entire margin and generally alternate; Flowers hypogynous,
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actinomorphic, mostly unisexual; androeciuniJl-ovary of 3 carpels, trilocular, with 1 or 2
suspended ovules in each cell; micropyle directed upwards and outwards and covered with a fleshy
outgrowth (caruncle); Fruit almost invariably a schizocarp-capsule, splitting into carpels, often
elastically (Perry 1978, Ridley 1924). More than 400 species in 80 genera have been found in
Thailand. Many of them are important as medicinal plants and have other economic uses, but
taxonomic data on these plants have not been organised systematically.

Additional interest in Euphorbiaceae is due to the morphological similarity between plants as
well as the great diversity of chromosome numbers (2n=12 to 224) (Perry, 1943) and sizes both
between and within natural groups or cultivated plants. Very few chromosome numbers have been

previously recorded. Until the results of this study, cytogenetic investigations of only 2 species from
Thailand (Somboonsarn, 1983) and about 246 species from all over the world had been reported.

The results of the present study will not only provide fundamental data for further research,
especially as a valuable instrument of substantial support for plant systematic research and
phylogenetics, but will also be useful for plant improvement and fertility prediction. These will give
important information that will be useful for the development of plant conservation strategies. This
genetic diversity study will be an important database and form a part of the Chromosome Atlas of
Plants in Thailand.

Table 1. Chromosome numbers investigated for plants in Thailand (Soontornchainaksaeng and Chaiyasut 2001a,
2001b, 2001c, Soontornchainaksaeng and Jenijittikul, 2001).

Family No. of  No. of No. of 2n* Family No. of No. of No. of 2n*
Genera Species Cultivars Genera Species Cultivars
Acanthaceae 2 2 2 16-34 Graminaceae 62 98 104 12-108
Actinidiaceae 1 1 6 ca.166 Halorrhagidaceae 1 1 1 24
Agavaceae 1 1 1 84 Heligonaceae 1 12 15 22-36
Alismataceae 3 5 5 22-42  Hydrochalitaceae 10 16 16 16-72
Alliaceae 1 5 5 16-18 Hypoxidaceae 1 1 1 18
Amaranthaceae 1 1 1 46-48 Iridaceae 4 4 5 12-60
Amaryllidaceae 9 24 24 18-72  Juglandaceae 1 1 1 32
Apocyceae 2 2 3 16-18 Labiatae 1 1 1 24-40
Araceae 17 47 74 24-60 Leguminosae 30 71 77 12-48
Araliaceae 1 1 1 36 Liliaceae 17 30 30 14-112
Asclepiadaceae 3 3 3 22 Limnocharitaceae 1 1 1 20
Balsaminaceae 1 1 1 14 Malphighiaceae 3 3 3 18-26
Bignoniaceae 6 7 7 20-40 Menispermaceae 3 5 5 26-50
Burmanniaceae 1 3 3 32-136 Moraceae 3 3 11 ca.24-56
Butomaceae 2 2 2 16-20 Moringaceae 1 1 1 28
Campanulaceae 1 1 1 63-64 Musaceae 1 3 55 22-44
Cannabudaceae 1 1 1 20 Najadiaceae 1 1 1 12
Cannaceae 1 1 4 18 Nelumbonaceae 1 1 3 16-18
Capparaceae 1 1 1 20 Nymphaeceae 1 4 8 28
Caryophyllaceae 1 1 1 30 Opiliaceae 1 1 1 20
Centrolepidaceae 1 1 1 40 Orchidaceae 53 172 180 22-154
Chenopodiaceae 1 1 1 18 Piperaceae 2 3 7 44-52
Cleomeceae 1 2 2 20-34 Plantaginaceae 1 1 1 24
Commelinaceae 5 8 8 12-60 Rosaceae 2 3 19 16-26
Combretaceae 1 1 1 26 Rubiaceae 2 2 2 22-40
Compositae 5 8 9 20-54 Samilaceae 1 2 2 16
Convolvulaceae 2 2 2 18-30 Solanaceae 5 14 14 12-72
Costaceae 1 5 5 18-64 Sphenocleaceae 1 1 1 40
Crassulaceae 1 1 1 34,68 Taccaceae 1 1 1 28
Cruciferae 4 7 7 16-36 Trilliaceae 1 1 1 10+2B
Cucurbitaceae 2 2 2 18-26  Triuridaceae 1 1 1 28
Dipterocarpaceae 2 2 2 20 Umbelliferae 1 1 1 18
Droseraceae 1 2 2 32-40 Vacciniaceae 3 4 4 24-48
Eriocaulaceae 1 7 7 30-110 Valerianaceae 1 1 1 14
Euphorbiaceae 42 185 189 16-124 Verbenaceae 1 1 1 54
Gesneriaceae 1 1 1 30 Xyridaceae 1 2 2 34
Zingiberaceae 14 108 109 20-92
* somatic number, ca. = count average
Study Area

Euphorbiaceae were sampled from natural populations in all parts that are botanically rich in
Thailand, particulary from the national parks marked on Fig. A. as well as from the sides of roads.
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Methods

Flower buds of Euphorbiaceae from natut
populations in several sites of Thailand (Fig. /
were harvested and fixed in Carnoy’s solutic
Some species samples were obtained from vari
sources as small plants. Root tips and young lee
were pretreated in a saturated solution of alpl
bromonaphthalene and fixed in 90% acetic ac
Slides were prepared by using a modification
propionocarmine smear and Feulgen squi
techniques (Darlington and La Cour 1966, Shar
and Sharma 1980). Cytogenetic study was mi
from well-spread chromosomes in various meio
stages of pollen mother cells and the mito
metaphase of mitotic meristems. Chromosol
numbers were determined approximately frc
twenty-five cells viewed using a light microscoy.
(Olympus model BHA). The best cells wer
photographed at 100X and using an oil emers
objective. Voucher specimens were made for
samples and placed in the Department of PI
Science Herbarium at Mahidol University, tF
Department of Biology Herbarium at Khonkhae l!;igu}rc ;\ F:roﬁle diagram of the collection sites of
University and the Royal Garden Suanluang, Ra o/ aeeas
IX, Bangkok.

Resultsand Conclusions

The cytogenetic investigation of Euphorbiaceae was mainly made using microsporocytes,
which can be immediately fixed. Moreover, cytogenetic observation was made at various stages of
meiosis, in which homologous chromosomes were pairing such as in the first metaphase and during
diakinesis. Consequently small chromosomes can be clearly seen and identified. The main obstacle to
cytogenetic study of Euphorbiaceae are the very small chromosomes and the fact that some plants
grow on very high cliffs, which makes collection very difficult.

Cytogenetic investigation was conducted of the collected samples. The results are presented as
chromosome numbers and as meiotic figures as seen in Table 2 and Figs 1-8 (Soontornchainaksaeng
and Chaiyasut, 1999). Plant identification was made following the main taxonomic literature of Shaw
(1972) and Smittinand (1980). Chromosome numbers of 141 cultivars and 135 species in 42 genera
and about 50 unidentified samples were investigated (Table 3). The results revealed that chromosomes
of Euphorbiaceae are very small in size and range from 1.0 tquB133trophioblachia fimbricalyx
Boerl. distinctly consists of the largest bivalents, about 5.334816{Fig 1).

Plants in the same genus mostly have the same chromosome numbers or differ especially in
ploidy level, such aBaccaurea, Breynia, Bridelia, Cnesmone, Glochidion, Hevea, Jatropha (Figs. 9-

14) andMacaranga. Likewise various cultivars or plants in a species which produce flowers of
different color also have uniform chromosomes sucEuwphorbia pulcherrima Willd. cv. red bract

(Fig. 2) and cv. yellowish white bract (2n = 283tropha integerima L. cv. red flower and cv. pink

flower (2n = 22) (Figs. 11-12) antrigonostemon reidiodes (Kurz) Craib cv. red flower, cv. pink

flower and cv. white flower (2n = 22). Moreover, results of this study also indicated that plants of the
same species but collected from different sites have uniform chromosomes. Thus geographical
differences have no effect on chromosome number. Chromosome invariability found in various
cultivars in the same species indicated that differences between cultivars may be caused by genetic
variation at the molecular level, which consequently causes morphological differences. However,
there are a few exceptions in which each species within a genus has extremely different chromosome
numbers, e.g.,Acalypha, Euphorbia and Phyllanthus. In particular, chromosome numbers,
chromosome sizes and certain morphlogical differences may suggest that thEupbottia could be

broken up into several genera. On the other hand, it was found that plants with morphological similarity
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and have the same chromosome number and some are different in sizehdierophylla L.,
E. leucocephala Lotsy. andE. pulcherrima Willd. were found 1-3 quadrivalents at diakinesis and the
first meiotic metaphase.

Diploid and polyploid plants were found in both natural groups and cultivated plants.
Polyploidy, which is not only euploidy but also aneuploidy can be identified from meiotic figures. A
chain of six chromosomes was found in the first meiotic metaphdsecitinifolia L. (Fig. 3). These
chromosomes are smaller than the rest which form normal bivalexasecaria cochinchinensis
Lour. showed 5 rod II+1 ring lI+1 ring IV+1 ring VI of 2n=22 (Fig. 4). Its chromosomes divide
regularly in 11:11. Moreover, irregular meiosis was foundeimilii Desmoul. (Fig. 5) andHura
crepitans L. (Fig. 6) which are both cultivated as ornamental plants. The first of these two species has
2n=40 and showed the highest multivalent chain of 24 chromosomes with 1 quadrivalent, 2 bivalents
and 8 univalents at the first meiotic metaphase. Its chromosomes divide in ratios of 20:20 and 19:21.
On the other handiura crepitans L. has 2n=44. Meiotic chromosomes form bivalents and some
irregular multivalents of 4 and 8 chromosom&auropus androgynos (L.) Merr (Fig. 7). has a
chromosome number 2n=52 which is different from the other species studied. It showed some
bivalents and multivalents of 4 and 12 chromosomes at the first meiotic metaphase. However, some of
them were intraspecific or interspecific hybrids which are found as translocation heterozygotes, but
sometimes their chromosomes divide regularly during meiosis. This mechanism makes them fertile
and stable. B chromosomes were found in some specig/ibdénthus (Fig. 8) andExcoecaria. Their
sizes are very small. B chromosomes are generally very small or about half as large as A
chromosomes (Horiuchi et al. 1995, Moore 1976). Very few of them can synapse with A
chromosomes. This makes them move randomly during meiosis and sometimes interfere with
chiasmata frequency and plant fertility. It indicates that plants carring B chromosomes may have a
further change in cytological and morphological characters. Furthermore, the results indicate that a
cytological analysis relating to plant improvement should be conducted on plants #\ichoagea,
Baliospermum, Croton and Ricinus which are very important in medicinal uses. They have a few
chromosomes in a complement. Most of them showed regular meiosis. They have the possibility to
double their chromosomes and/or to construct interspecific hybrids to improve medicinal yeilds.

The relationships between plants is also discussed based on cytological characters
(chromosome number and the features of chromosomes and cells). For exXdaipig)s and
Macaranga have a very close relationship from the point of view of both morphology and
cytogenetics (chromosome numbers). The results from this research indicates that these two genera
can be divided based on cytological characters. The first genus has the largest chromosomes and the
largest nucleus in comparison with the cell size, which generally existed from diakinesis to metaphase
I. The second genus carried smaller chromosomes in a smaller nucleus and cell size which generally
exists in anaphase I. On the other habaljiacum is a genus which has high variation in leaf shape,
leaf color and plant size. Most of them are ornamental plants. They also carry various chromosome
numbers (2n=80-104) and show various forms of meiotic figures and are good examples for
cytogenetic study of hybrids.

This research gives us the opportunity to find out much original information in plant
cytogenetics and plant cell biology. We will distribute this valuable khowledge to students and
interested researchers. However, the Thai flora is still a blank page from a cytological point of view,
whereas in neighbouring areas and in other countries like India, Japan, the USA and the Netherlands,
there are numerous works in this field that have been published and cytological methods have been
applied widely in various branches. This cytogenetic investigation is, of course, a small part only of
the rich tropical flora indigenous to Thailand and ongoing study should be supported.
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Table 2. A part of the results of cytogenetic investigations in 36 species and 18 genera of Euphorbiaceae in Thailand

(Soontornchainaksaeng and Chaiyasut, 1999).

Genus Chromosome number Meiotic Locality Coll. No.
Species X n 2n Configuration
Acalypha 7
A.indica L. 10 20 101 Bangkok 181
Bridelia 7
B. harmandii Gagnep. 13 26 131 Sakolnakorn 108
Cladogynos
C. orientalis Zipp.ex. Span. 32* Nakornpathom 182
Croton 8
C. bonplandianus Baillon 10 20 101 Prachaub 087
C. robustus Kurz. 10 20 101 Cheingmai 024
C. sublyratus Kurz. 10 20 1ol Chacheongcao 046
C. tigliumL. 10 20 101 Nakornpathom 183
Euphorbia 6,7,8,
9,10
E. antiquorum L. 60* Mugdaharn 184
E. atoto Forst. f. 16 8l Chantaburi 190
E. cotinifolia L. 28 81+611+1VIII Nakornpathom 039
E. heterophylla L. 28 1211+11vV Nakornpathom 191
E. hirta L. 18 9ll Nakornpathom 189
E. leucocephala Lotsy. 28 1211+11vV Cheingmai 035
E. ligularia Roxb. 60* Nakornpathom 185
E. milii Desmoul. 40 81+211+1IV+ Nakornpathom 188
1IXXIV
E. pulcherrima Willd. 28 8II+3IV Cheingmai 019
Excoecarial. 12
E. cochinchinensis Lour. 61I+1IV+1VI Petchaboon 026
Hevea 9
H. brasiliensis Muell. Arg. 36 18Il Chacheongcao 193
Hura 11
H. crepitansL. 11 44 1011+41V+1VIIl Bangkok 054
Jatropha 11
J.curcas L. 11 22 110 Nakornpathom 041
J. gossypiifolia L. 11 22 110 Nakornpathom 042
J.integerrima L.
red flower 11 22 110 Bangkok 194
pink flower 11 22 110 Bangkok 195
J. multifida L. 11 22 110 Nakornpathom 196
J. podagrica L. 11 22 110 Nakornpathom 197
Mallotus 9
M. barbatus Muell. Arg. 11 22 110 Prachaub 148
Manihot 9
M. esculenta Crantz. 36* Rayong 198
Pedilanthus 9
P. tithymaloides Poit 36* Lampang 043
Phyllanthus 7
P. acidus (L.) Skeels 28 1411 Nakornpathom 199
P. emblica L. 104 52l Kanchanaburi 053
P. pulcher Wall. ex Muell. 50+6 25l1+6-10B Nakornpathom 044
Arg. -10B
Ricinus 10
R. communis L. 10 20 1ol Nakornpathom 200
Sampantaea
S amentiflora Airy Shaw 11 22 110 Chacheongchao 016
Sauropus
S. androgynos (L.) Merr. 52 1311+2IV+1VI+ Nakornpathom 201
Xl
Strophioblachia
S fimbricalyx Boerl. 9 18 9ll Nakornpathom 176
Thyrsanthera
T. suborbicularis Pierre exGagnep. 11 22 110 Chaiyapoom 090
* = somatic metaphase Coll. No. = Puangpaka et al. no.
| = univalent I, Iv,...24 = multivalent of 3, 4,...24 chromosomes
Il = bivalent
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Figure 1-8. 1) First meiotic metaphase chromosomes of
Strophioblachia fimbricalyx Boerl. (n=9; 7ringll+2rodll indicated by
arrows). They are the largest chromosomes in this study. 2) Diakinesis
chromosomes oEuphorbia pulcherrima Willd. (2n=14; 8II+3IV).
Quadrivalents are indicated by arrows and n=nucleolus. 3) First
meiotic metaphase chromosomesEafphorbia cotinifolia L.(n=14;
1VI+6l1+10 divided chromosomes). Arrows and arrow head indicate a
chain of six and divided chromosomes. 4) First meiotic metaphase
chromosomes  of Excoecaria cochinchinensis Lour. (n=11;
1VI+1IV+6ll). A ring of six chromosomes, a ring of four and a ring of
bivalent chromosomes are indicated by an arrow, long arrow head and
short arrow head, respectively. 5) First meiotic metaphase
chromosomes  of Euphorbia  milii Desmoul.  (n=20;
IXXIV+1IV+211+8l). A chain of 24 chromosomes, a quadrivalent,
and a bivalent are indicated by an arrow, long arrow head and short
arrow head, respectively. 6) First meiotic metaphase chromosomes of
Hura crepitans L. (n=22; 1VII+4IV+10Il). A chain of 8
chromosomes and a quadrivalent are indicated by an arrow and arrow
heads, respectively. 7) First meiotic metaphase chromosomes of
Sauropus androgynos (L.) Merr. (n=26; 1XI1+2IV+16ll). A chain of

12 chromosomes and a quadrivalent are indicated by an arrow and
arrow heads, respectively. 8) First meiotic metaphase chromosomes of
Phyllanthus emblica L. (n=25+7B; 25I1+7B). B chromosomes are
indicated by arrows. Bar representsphd (Soontornchainaksaeng and

Chaiyasut, 1999).

Figure 9-14. Chromosomes dftropha, which are uniform in
number with 2n = 22 for all species. 9) First meiotic anaphase
J. curcas L. (n = 11; :11). 10) First meiotic anaphase
J. gossypifolia L. (n = 11; 7ringll + 4rodll). 11) First meiotic
anaphase qf. integerrima Jacq. (cv. Red flower) (n = 11; 6ringll +
5rodll). 12) First meiotic anaphase dfintegerrima Jacq.(cv. Pink
flower) (n = 11; 6ringll + 5rodll). 13) First meiotic anaphase
J. multifida L. (n = 11; 7ringll + 4rodll). 14) First meiotic anaphas
of J. podagrica Hook. f. (n = 11; 8ringll + 3rodll). Bars represer
10 um.

Table 3. Chromosome numbers of Euphorbiaceae investigated in Thailand.

Genus Species cultivars 2n* Genus Species cultivars 2n*
Acalypha 4 4 20-86 Hevea 1 1 36
Alchornea 1 1 18 Hura 1 1 44
Aporusa 3 3 26-50 Jatropha 5 6 22
Baccaurea 3 3 26 Leptopus 3 3 26-52
Balakata 1 1 44 Macaranga 5 5 22
Baliospermum 1 1 22 Margaritaria 1 1 24
Breynia 3 3 52 Mallotus 9 9 22-24
Bridelia 3 3 26 Manihot 2 2 36
Cladogynos 1 1 32 Microstachus 1 1 34
Cleidion 1 1 Pedianthus 1 1 36
Cleisanthus 1 1 48 Phyllanthus 18 18 24-104
Cloxylon 1 1 88 Ricinus 1 1 20
Cnesmone 2 2 36 Sampantaea 1 1 22
Codiaeum 1 3 80-104 Sauropus 11 11 52-104
Croton 14 14 16-20 Strophioblachia 1 1 18
Drypetes 1 1 20 Suregada 1 1 22
Epiprinus 1 1 20 Synostemon F. Muell 1 1 46
Euphorbia 15 16 16-60 Thysanthera 1 1 22
Excoecaria 3 3 22-124 Trewia L. 1 1 22
Fluggea 2 2 26 Trigonostemon BI. 4 6 22-44
Glochidion 3 3 52 Vernicia 1 1 22

* somatic number
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Abstract: Studieson Aquatic Insectsin Northeastern Thailand

Studies on aquatic insects, especially caddisflies and mayflies which are important groups for
freshwater environmental assessment, were conducted in Nam Nao National Park. The aims of the
studies were to explore diversity and to investigate life history patterns, ecology and environmental
factors that determine larval distribution in Phromlaeng and Yakruae streams. Because species can not
be identified in the larval stage, it was necessary to rear mature larvae and/or pupae in the laboratory in
order to associate the larval or pupal stage with the adult. Sixteen, 11, 5, 8 and 4 species of
hydropsychid, leptocerid and philopotamid caddisfly and leptophlebiid and heptageniid mayfly adults,
respectively, were found. Nine, 8, 6, 8 and 5 species of hydropsychid, leptocerid and philopotamid
caddisfly and leptophlebiid and heptageniid mayfly larvae respectively coexisted in the streams. The
larvae showed resource partitioning. Habitat and/or diet partitioning combined with differences in
substrate compositions and water current preference were important in determining the distribution of
larvae. Immature stages of 15 species were successful associated with adults. Almost caddisflies and
mayflies showed non-seasonal life history patterns, which resulted in the presence of several larval
stages over several months. The flight-period occurred all year round. Hydrosychid and philopotamid
larvae were filter collectors while the others were gathering collectors. They fed particularly on detritus
and, so, they have important roles in detritus processing and nutrient recycling in headwater streams.
Flooding and desiccation were factors that controled larval populations. The construction of a small
weir which modified stream characteristics resulted in faunal reduction. The results of this study
provide additional data for appropriate land use management in the National Park. In addition, a
comparative study of the on diversity of lenthic and lotic hemipterans was conducted at 16 sampling
sites in Phu Phan National Park. Forty-four species, 34 genera and 11 families of aquatic bugs were
collected. Diversity was higher in lotic than lenthic habitats. Gerridae and Veliidae were most diverse
and were widely distributed in both habitatRhyacobates imadatei and Chenevelia stridulans were
abundant in lenthic habitats Huitmnometra matsudai were more abundant in lotic habitats.

Key words: aquatic insects, caddisfly, mayfly, bugs, diversity, life history pattern, coexistence
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§unniily intolerant indicator species UaTinazann luamefisasausuwinia (nuanuad) unznuauldidongn
sadunniiln tolerant indicator species 193uanIz1090 Wndaiduiseusuuas lesumswam inunzay
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DORLATLAE (Campbell, 1982; Chessman, 1995) LAy (De Zwart and Trivedi, 1994) waziszinelng (Mustow,
1997; Sangpradub et al., 1999) 1%ﬂs:t°naa%°’gaLaﬁmﬁnwﬂf*ﬁﬁayjaLL&Jaa‘ﬁ:’]ms”mﬂmﬁuqmﬁlwwmﬁ']
(Hellawell, 1989) LL&:U?]QUVuvLﬁW”@MmLﬂuﬁ%miﬁi’mﬁ’ﬁfu (Rapid assessment) (Resh and Jackson, 1993)
protocol MRBNNN fAovad Plafkin wazAm  (1989) 1%;:%’.1%“11aatmaoﬁﬁayjaﬁﬁﬂmﬁmsmﬂ fa EPT
(Ephemeroptera Plecoptera Trichoptera) Richness, percent of scrapers, scraper/filterer ratio L&
EPT/chironomid ratio (s wenannit Lemly (1998) le3snuintiniasnduunivasuasin denanwies

v A

uwI'ELﬂuf‘a%'nwswwa%anwwﬁ'mil'ﬂs:Lﬁuqmmwﬁwvl,@i” wirimah s lomllunsnodsananalanasna
Lwin'liﬁ'nj”ayjaﬁ";Eiammmﬁmﬂ%‘luﬂixmmmuLaL%'ﬂsﬁaﬁﬁaﬂmﬂ (Rundel et al., 1993; Dudgeon, 1994)
Lﬁaamﬂmmjﬁmﬁ'us:r_l:@ﬁa'auiu

Qﬁmﬂﬁﬂ'&ﬁﬁaﬂ msﬁnmiunﬂﬁmﬂftaaulﬂty'au‘l,mﬂ”'luagﬂiu'“smw,l,a:ﬂm,l,wimzmwadiw:@ﬁlﬁm”ﬂ
4NN (Hynes, 1984) nﬁjmjaaLL&JaaﬁwﬁﬁmsﬁﬂmammaLﬁaaLm:u'mﬁq@fl,uﬂs:mﬂvlm fa NHVUNAIAUDN
Uaansin (83U Trichoptera) lag a3 WIANE IUNINIAS NNUWIINeasLTealnal ¥iN3suny maasnanssd
Hans Malicky 310 Lund University Ussineeasiais 49lempiumysinadasduuussmuandaantiilu
Usznelnein Anouarldsumsastaudfszanm 494 afla suwsiiafinanniudsusnoiuinisise
L4 (Malicky and Chantaramongkol, 1999) ﬁmsﬁﬂmmuﬁwhﬂmjuﬁfﬂ’iﬁ'ﬂ"ma@mmﬁﬁmmﬁﬁmﬁumju
398 Heteroptera of Thailand Usznausiuauntn 3w Dr. Herbert Zettle Uszinedaamais Dr Nico Nieser
Uszinemsasuaud waz Dr Pingping Chen smsmsigiszmowiu (udu lasldsarhianansfa Amembo
oUW INWIsEIwInYsHnalng uqua uazAme (2542) AnsmInszanpaizesdidauuuaingy EPT Tu
fmsdutihmeasiuasnidoaniiasnuin 22 s WuszEraaLdiudy 143 wiie szuzdaden 123 wfia sanIn
Wonlgaszuzauduiviumsanld 15 wfia ﬂ’]iﬁﬂ‘]ﬂﬂ%ﬂizLY]?ILLE]ULQL%UTJ&JY%‘]J?:LYWIVL%QUﬁﬂmmﬂiﬂizqﬁ’s
a'auvl,@ﬁ"l,ﬁmsz@?’mqﬁ%?aaqawhﬂfu (ANONS, 2538; BITLIA UATAMAL, 2540; unNA uazilatd, 2541, Dudgeon,
1994; Watanasit, 1996)

Lenat and Resh (2001) 1a%ai1 aunsninuszal e (family) mmzauﬁ'umia@muqmmmmmﬁw
Tuudssdfidswnamilann 9 miﬁ@]muluﬂsﬂﬁﬁmmﬁaqmmwﬁwLflu @ Uwnany wazides nmIfaana
Qmmwﬁﬂmmmaﬁm warmIsaluusnandanunanransasfeitingn  udu daslFanug
BUNINATIUIZAURANA (genus) WAzl (species) La‘j'ammfuﬁaammaé’wﬁﬁlﬁmmL%au”ﬁqaifu lagane
aﬂwﬁuﬁaﬂdwhmiﬁ@ﬁﬂwaaajﬁéwuwﬁ'@mi (Rosenberg et al., 1986) msm’maauqmmwmaal,mmﬁwﬁﬁ
ANUULANANIN WD mmﬂas:@”uqmmwﬁ’]ﬁanﬁum‘}(u (NN IENIEALTIRY) MYIsuAmiwARITUNMT
oINS MITYIMIUL  (status) 209555830 msvNanNEa  (productivity) vasEidTae  watasUszmng
(population dynamic) uasnsnageuaNuduiEue9aT (toxicity test) Aafsdidia (Baily et al., 2001) fasan
ﬂ'smg”aq,ﬂsu?mmm”uaqaLm:ﬁﬁ@mamumﬁwﬁm’]m‘i'u,flu Lwiﬂ'awg”f:ﬂh"bjtﬁmwaluﬂsxmﬂ"lmzJ T ngw
diapdsaulafdnmanananwaty anugngn $isi@ dneinm s ufidnadomsuninszanevesuaasin
nuﬁ?ﬁmﬂ%aﬂmswmﬁa'auﬁ'us:uz@ﬁLﬁui'uLﬁalﬁmmsmzq"ﬁﬁ@mnsw:@ﬁa'auvl,é’ Tasfiudianumluna
aikeaniduanite fAa 1) q"nmutl,ﬁa“mﬁﬁmm's ﬂsamquﬁuﬁaaﬁwf@ Ao wwrsysniuaztand danwge
Mnszauimzaade 800 a3 amwenmeduaaand qmmﬁmﬁﬂﬂizmm 25 aseniaaLds Sduanan 7-8
e L%"miuwnﬁauﬁwmmﬁmmﬂu rydidguwsasgnemiunenngilznaudsAugenTys nsEnsan
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vhniimnilauasiialdvasgneu ussugalenonszaeasluiiaasiusenuasiinnziuanvasgneu thldlu
q'ﬂmmﬂmmdaﬁ%ﬁ@ﬁuﬁtﬁé‘hm?ﬂaaLL&i'ﬁmmﬂmu Vi wiihdn waidmwew Ltaji{"n,%ty uazuing fanuh
daulngiduthasfuuds mafnsndufiumslugimsasmedio Wowmuds uashongueda Fadusioeia
silwannaanad uaz 2) ONETULAITIAN W ﬂiaﬂﬂ@uﬁuﬁ%%f@ﬁﬂauﬂi wazdIniamwius danwgann
AU mzaady 391 wWas qgNw,%"uﬁuﬂi:mmﬁaquwmﬂmﬁaqmﬂu qg'ﬁm'sL’%"uﬂszmmlﬁauwmﬁmﬂu
DanuNWUS qgfam’éuﬂs:mmlﬁauqumw”uﬁﬁammw qmﬂgﬁmﬁmaa@ﬂﬂszmm 27 2dFLTaLTR BI0h
sugwsulngdufunme Gududugalans wazgagwiu ladnmauuluunaainii 13 unds da srafiusi

HuRuwan e19ALiI8Inse ananuihRiene eranuiasras aml,ﬁmiﬂﬂ?“ﬁ'lqmﬁuﬁ RRRI P ot GHILK]
v

i AUThQAn Wauing granuintudawlnd 1 aranuithudewlnd 2 dranusitudewled 3 819

€

WAL sUR Y wazaanutin R oud waaatin lra 3 wirad fa wisiuulng Wanws uasuau

aa
350135

iualatsuNadrwautaaniinned Hydropsychidae, Leptoceridae Waz Philopotamidae uwiadfusan?
296 Leptophlebiidae Waz39f Heptageniidae mnnmméamﬁ'ﬂﬂaﬂluﬁwwsmlﬁma:ﬁ'sUmj']m?a aNEL
WAITIAINUNT  waziAuszuzaduinlasdsmstsnunnsaudalwsanuas  waznmIltnuanuasnsansea
A =3 Q 1 =1 $ ] di Qs =1 > 1 dl Y o v
fu  umetddeuaradaitasnmduszoziiadszinm 12-18  1@en  GRadan leinanaedaay
LNALEANITAAANNTNTUTDLAZ 70 WATATIONANEDL s:mm”’aaiam:qﬁaim”uaqa szuzAuaNinIzyTila
& & o A o o by a A o oA ° ' A o o
iasnasdanuifenudidauunasinlunitiadodildfisane  lilisusnsyriennzozdidenle
lanass inalimaninszysiialdatnigneas laviinmiBenloszuzdidennuszuzaaianit lasifiuddauila
wwunnassluiasdfuans shausnioslunzuzazas welwiadgduanduds ussvihnseasaenansal
WNaNTaINEIMEas  SIULNaIrnanlaantiuanIINMITINIIUL A SUNNRLILEY  ELALIEHZANLALND
= a % A o ed o > A o o v = o = a
wWisuifisuadtzfunissaduansacdagylummzyriieveszozanuduazizoeddnis wazdSoudioy
ATUMIden  (exuvia) vatizprdmdauiidinunieaglungeinanudnudidaunloini  asaadinistisnlw
mmsmzqmﬁmamﬁa’aﬂﬁ WansNTAaUaInI8aulaLa7 IedauldazIRaN1IAANNNINIVBIEIURILNE
ARUAVUIALUAIBIULARY TN INBUANIIMULBNUWTIUTEIA StaTzRemishunaduainis wanannitlu
vrhialdiminasasmeswauazinauidssludsslfidmaneSouifsumsaiyvesdisanluudas
99Ma

€

o

@%mﬁ_lmsﬁﬂmmuslqumuum"mﬁqwm TasiAuaaganInluwradtinfy 13 wnad wazwnadnin

[\

na 3 wwss lesldadafulunnundsands iiusnmdiadwluefiaweanszadanuidutuiosa 70 1N
Mananaenansaiizauria

riaumsl,ﬁuﬁ'aazi'mLL;Jamna%ﬂﬁﬁnmﬂ%é’aﬁmmﬁﬂﬁ?ﬂﬁmaaLmdoﬁw lasa19I9aNNAN Anunineg
anusinsuEn Usinmeandianszastih mslinh Bunamwesudsezanein anudunse 6 gl
i wazgmunnlatme s’mﬁ%ﬁ'ﬂwm:mﬂ“ﬂi:nm_maoﬁumﬁﬂlunmmdaﬁwﬁﬁﬂm Aeasiasiunssandatag

wazteNinafan1INIzeaIUBIAEa Y

NAN1998

unadunawlaaniried Hydropsychidae

WuTzHE@LANTY 8 ana 16 Tila szuzdldeuwy 7 ana 9 wila @9e1IN 1 (gasnmal, 2542)
@ o P a " w v ¥ A ' o A A
wsnghesadanunanoiauinnindiiensunss  wusasruanlsanisialuddwan 1 wlie @9

& . A & @ ol A o R

ANRAINNTY Hans Malicky LaE @I NINWE AUNTNIAR T%%ain Pseudoleptonema supalak @UTWNANTN
RE LLuawuau'ﬂaanﬁwﬁ@ﬁlﬂuwﬁﬂL@iu‘ﬁwumnﬁq@luﬁ'sﬂWimLﬁa Mdauaineislieadaandneln

AQNLANATUTAL (bed rock) WBIARTEWIY 8% Cheumatopsyche (uanafinuanigaluwisnaiaia aids
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'.Twaal,mawuauﬂaanﬁwaqaﬁwuﬁa 4 100 udszpzdandsnsusiasroaieiuunlimansousnaniuled
asnnlivszauaudnsilumihdseusiivdlinananuidududuivlwienlfitng  uazanuading
ranuaduweads ﬁavl&immim:qmﬁmam”adausluaqaf:"l@i” sansndenlassrasardeutuandusvle 6
7ia Ao Diplectrona sp.1, Hydatomanicus klanklini, Hydropsyche (Ceratopsyche) sp.1, Hydropsyche
(Ceratopsyche) sp.2, Macrostemum fenestratum Was Pseudoleptonema supalak HNLI% Hydropsyche
(Ceratopsyche) sp.1 ﬁﬁm”aga"l;\il,ﬁmwa wuasruanlaanindnisiiefiwiemansodneuununuiseiale
LLUULLNu%sz:'S‘@?ﬁw%LLuwﬁa?u@iaﬂ univoltine W8z non-seasonal UNaIRHaULENTN Diplectrona sp.1,
Hyatomanicus klanklini \W8e Hydropsyche (Ceratopsyche) sp.2 Fuuuunudds: G duwiuy univoltine &%
Macrostemum fenestratum Was Pseudoleptonema supalak FuuuUAnTIU TG DWIUL non-seasonal @288%
‘qnmﬁmaaLmawuauﬂaanﬁnaﬁﬁﬁwﬁaﬁ@ﬁ@ﬁuﬁuﬁﬂuﬁﬁ:@?’umwuﬁﬂﬂs:mm 10 LTUANAT lasudas
'nﬁ@mﬁ'ﬂaglw,mdamﬁ'ﬂﬂ'aULmﬂ@mﬁ'u P. supalak 83959UnauARLazianAuswIalng (boulder) luusians
i lwai3a H. doctersi mﬁ'ﬁagﬂuu%nmﬁﬁﬁﬂmﬁwﬁuﬂ”u u,@iﬁ'w:agj'ﬁ'u’%nmsamias:wj'mmuﬁuﬁuﬁauﬁu
vwalwe Hydrosyche (Ceratopsyche) a191uumuinuastowdnsmnalnaluusiarih lnaiisunansauds
Aautinal37 Diplectrona sp.1 uas H. Klanklina swssuuamduluusiasiinlualiiswinles Diplectrona sp.1 oy
vsmiifiaeluldvivon Oestropsyche sp. wuldiaufinamalng fseusfaiidamalngunn swaanu
B1VBIEIWRILTZNNE 1.5 TaflNAs 8% M. fenestratum s939lananAuswialng fouRuswanas uaz
wuthsusnarfanfusnaidn Taossdsanadunnousnosinlnety dsenldamslasnsnses snuuziu
ﬁ"m"ml,a:mmL%'mi:Lmi{mﬂuﬂ}ﬁﬂﬁﬁﬁ’tﬁﬁwa@iamsns:ﬁnSJ@T'Ju,a:ﬂ'mmﬂqwnamﬁdau Amzimanu
ﬂ%ﬁﬁ"ﬁmuquﬂimﬂm‘"’sdautmamuauﬂaaﬂﬁﬂ Cheumatopsyche, Hydropsyche Waz Macrostemum T et
ma:ﬁtﬂLLﬁaL'ﬂuﬂq:ﬂ'«J”Umm;uﬂ%mmﬂs:mnwaa P. supalak

P > 4 . P . ad
AITNN 1. LEAILNRIR kOB aaNINNA Hydropsychidae ’ﬂWUl%l%aq“ﬂUW%LL%G’HW@]%’W\%’]'J

i) Jegzengal | IrHTAILANIE mudenlosrzazdasen Flei@
UAZAANIL
Amphisyche sp.1 - + -
Cheumatopsyche charites - + -
C. chrysothemis - + -
C. copia - + -
C. globosa - + -
Diplectrona sp.1 + + UJ univoltine
Hydatomanicus chattrakan - + -
H. klanklini + + 0 univoltine
H. seubabel - + -
Hydropsyche doctersi + - -
Hydropsyche(Ceratosyche) sp.1 + + UJ
Hydropsyche(Ceratosyche) sp.2 + + O univoltine
Macrostemum dohrni + + -
M. floridum - + -
M. midas - + -
M. fenestratum + + O non-seasonal
Oestropsyche sp. + - -
Pseudoleptonema supalak + + O non-seasonal

WNBWe: + = Wy, - = lwy uae [ = sansnifenlosszezdndauuazaudaivlddisa
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Lwadwuauﬂaanﬁ1?dﬁLeptoceridae

WL FuS LN s nuendaantinediE I 6 ana 11 73 wozdIgeuny 5 ana 8 Tia (@997 2)
Lidszruaruinfalumaisimsaulwianlfiidns  wowsudifanawanwaannnidawiieia
gRafwuunluiionsaugs fe Setodes sp.1 SIURILNILAIANLAIBaUDAY Leptocerus sp.1 UATALANIL
Uad Ceraclea Nﬁﬂﬁq@ LﬂW’l:LL&Jamuauﬂaam{W Setodes sp.1 e Leptocerus sp.1 ﬁﬁagatﬁﬂdwaﬁ'm{u
mMIfnELUULHNREI53E rasrfiaduuunaniilss AUy non-seasonal srsanvasuNsInuanlaantin
N?Tftagslul,mdamﬁmiaﬂLmﬂemﬁ'u"fuﬁ'u"nﬁwnamvaéjaw,m:n”ﬁm:mwaa’a”aqﬁa:aﬂmmdaﬁﬂ léun nas
]l sindie wasldtanfuauanasusstouinamadnluusnminlnaliussin dsewsdiuslna
sndunstuasimIunomnslaonsiiufn (gathering collectors) Juuasnuautlasntinfionaidusiialnivas
1an 3 wilaagluana Ceraclea Uaz Setodes Sadasranamsansiaiududell (Uszann, 2544)

3971 2. uNAIRBaRUAaNIINIIF Leptoceridae ﬁwulqumuuﬁa’maﬁmma

e JezaBan THTANANIE mudenlaszuzaaseuuaz Flei@
ANANIE
Adicella capitata - + -
Adicella dryope - + -
Adicella sp.1 + -
Adicella sp.2 + -
Athripsodes sp.1 + -
Ceraclea sp.1 - + -
Ceraclea sp.2 + -
Leptocerus chatadalaja - + -
Leptocerus sp.1 + - - non-seasonal
Leptocerus sp.2 + - - non-seasonal
Oecetis biramosa - + -
Oecetis evirga - + -
Oecetis meghadouta - + -
Oecetis sp.1 + - -
Oecetis sp.2 + - - non-seasonal
Setodes alampata - + -
Setodes sp.1 + + -
Triaenodes pellectus + -
WNBIWAE: + = Wy, - = liny

uuawuauﬂaanﬁ'nwf Philopotamidae

WAL FSBuLaInuenlaantiae 1 ana A Chimarra 1% 5 Tila szuzdadauny 2 Tl Ae
N8 Chimarra Wu 5 1% Uaz Wormaldia 1 1%@ @797 3) mansodenlpsszuzddautiuszuzandnela
#1532 2 wiia fa C. akkaorum sz C. khamuorum ThausnAuwiliu2a931U92IGUUD univoltine dausianasd
WULUNWLULY non-seasonal @T’adauaﬁaﬁ"&ﬁnwmmﬂ”’mqamLLWangl.@TLﬂwn'lnluVLsﬂuu?nm‘ﬁ'ﬁ']‘lm AN UD
fdauudazTiiafanuuane TR ITIN LA M3I3E9@I8INeNg  annpas C. akkaorum (3pesalaitdun
seifloy swasesnnTelanninves C. khamuorum ﬁﬁgﬂi‘ﬂa?}mﬁﬂuﬁuﬁwu,a:ﬁn'm,%'mﬁ"sLﬂmuﬁﬁumﬂﬂ'h
asoulasuanmislasmanses (filtering collector) awnInitdosas 90 uwwanondunis Amdaiduaning
uazlaazaan C. akkaorum vSlnalaszaavwwaldnninuazsiiauadlaazaandsan C. khamuorum &ula
pzaaufinulunaduawnszas Wormaldia Sufiafiuanensan  Chimara  emnudnuazennuiiivessing

AMUFINUBIEILINALANUTNTNVBITISaU (r=0.60, p=0.003 Waz r=0.751, p=0.002 Mu&IAL) Undwuen
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@
o

éaumﬁ'ﬂagslui:@”uﬁwﬁnvl,ajtﬁu 20 L wUANGT C. akkaorum agluuwﬁﬁﬂ's'luﬁnu'lﬂﬂ'jwLm:nmmﬂﬂ

lwalsnin  C. khamuorum  EIUGIEEUVDI

Chimarra

Wormaldia

P ¥ € . . = ' ad
AITNN 3. LuAIRUanUaaniNd Philopotamidae WWUI%@QV]U']%LL%G’H']W%’W\%’]'J

[
o

o @ { & ' ¥ ¥ '
a’]ﬂtlluiz@m%ﬁﬁ@]uﬂ’)’]LLazﬂ‘izLLa%ﬁVL%a"E’m’J’]

7 2HZAB0H T2HZANANI madaulosszze Falsid
SOUUAZALANIE
Chimarra akkaorum + + U non-seasonal
C. bimbltona - + -
C. khamuorum + + O non-seasonal
C. pipake - + -
C. spinifera - + -
Chimarra sp.1 + - -
Chimarra sp.2 + - -
Chimarra sp.3 + - -
Wormaldia sp. + - -
wnpng: + = wy, - = liwg uaz (= sansndenlpsszaradanuazaaiiaselddise)

unadZzp12396 Leptophlebiidae

WUMILENTBYasuNaITUza2296 0 6 ana 8 Tia rdauwy 5 ana 9 Tia (@13797 4) Choroterpes
(Euthraulus) sp.1 Waz Cryptopenella sp. ﬁmwwgn'qmmnsl.uﬂ%aaaﬁﬁmi swnsnidenlosszazdsannuszes
@ﬁl,ﬁmvﬂi@Llﬂ’]il,a?&ldsluﬁaaﬂﬁu”aﬂ’ﬁvlﬁ 3 wfia Ao Choroterpes (Euthraulus) sp.1, Cryptopenella sp. Wae
Choroterpides sp. LL&Jﬂd%ﬂ:“ﬂﬁ’m‘{‘ia’m%ﬁ@f‘:ﬂ&me\‘l Choroterpes sp.2 §911U9:18UUD non-seasonal LATAILAN
Jedwhevasanl ddeuarduagluundsnndotasuaneraniu mumﬂmumﬁ'ﬂaylu’%nmﬁauﬁuﬁﬁmmﬂslmg

41N (boulder) LAABIWIANAN (cobble)

AMTWAN 4. LNAILUAITULI1296 Leptophlebiidae ﬁwﬂqumuuﬁa’maﬁmma

7fia Jegzendan T2HEANANIE mudanlosszazen Filei@
douuazaLaNIL
Choroterpes (Choroterpes) proba + - -
Choroterpes (Euthraulus) sp.1 + + O non-seasonal
Choroterpes (Euthraulus) sp.2 + + -
Choroterpes (Euthraulus) sp.3 + + -
Choroterpides sp. + + U non-seasonal
Cryptopenella sp. + + O non-seasonal
Habrophlebiodes sp. - + -
Isca sp. -
Simothraulus eminiger - + -
Thraulus sp.1 + + -
Thraulus sp.2 + - -
wnping: +=wy, -=liwo uag = ganInidenlgssrasddanuazaaiiaseldsise)

Pwumfianusunniidiuinnuamanaufis  (r=0.695, p=0.01) @l8auVad Choroterpes WAz
Cryptopenella sp. USlnamnduwnisd swnouazlaszaan laumsifufin (gathering collector) uazfiauas

USunawedlaazaauiindanudazsiausinauand1int arauszezi 5-9 Va9 Choroterpes USIAATNNEUNIE

€ a

ludsuan liuandrenamieusslaszaay udaidauszozying 9 289 Cryptopenella U3lnaanndunidinu

&’ g o 1 v
UMNTUNINAIDAUIZUEAY

NenwmIIeelulasens BRT 2544 BRT Research Reports 2001

GiR
LBERT



unadszw1229d Heptageniidae

WUTzHZANda% 4 8na 5 9@ A Asionurus sp., Cinygmina sp.1, Cinygmina sp.2, Rhithroginiella W<
Thalerosphyrus sp. 8ni3 Cinygmina sp.2 @olinuszpsdnduis 8n 4 viia Woszozeuduin wazaann
L%ﬂﬂﬂﬁ:ﬂ:@i"’aéauﬁuﬁuﬁmiﬂﬁém%ﬁ]mnmn??m‘l,uﬁaaﬂg’jﬂ'ﬁmi @TWA  5)  esanuazeadiuitue
Cinygmina sp.1 ﬁm’lu“gﬂ'gumﬂﬁqﬂm%ﬁmﬁ’m’ﬁ 3898931 AD Thalerosphyrus sp. ABaUVBILNAITULN
Mmesriiaiinwuadusiune ued Cinygmina spA fimInszanefintanin womnnussteufuawenas
Rhithrogienella sp. a’lé‘l’&lagluﬁuﬂﬁﬂLLﬂ:lﬁ'ﬁ'ﬂuﬁu"nm@Lﬁﬂu"?nmﬁﬂ%ﬂ“ﬁ’] &% Asionurus sp. TOUTIUA
ag’lﬁnadLﬂwmﬂluvl,ﬁu%nmﬁﬂm I@m?’nwuagji"mﬂ”mﬁaiammm%uauﬂaaﬂﬁnﬁ Philopotamidae

Cinygmina sp.1 S #u%5715298 1LY non-seasonal multivoltine

MTWA 5. LNAILURITULIN196 Heptageniidae ﬁwu‘luqﬂmuuﬁamﬁﬁmma

77 2HzABa TZHULAUNANI madeulpsszaze Faeid
DOBUNZALANIE
Asionurus sp. + + U
Cinygnima sp.1 + + U non-seasonal
multivoltine
Cinygnima sp.2 + - -
Rhithrogeniella sp. + + O
Thalerosphyrus sp. + + U
WNBWMe: + = W, - = liwu uaz L= musndenlpsrzuziseuuazanduivlamise
¥ A
NINWIDA

miwSsufisuenunanafieuasuiwirialuunsindiouszunasinlva lwvagneuuiimanwiu
@ﬁu@itﬁaumﬂgmu 2541 Dadaulnuien 2542 WunAWINSananue 11 296 37 ana 44 Tiia Taouwssiniia
WU 11 296 25 ana 28 Bia Fanunaarinlnany 9 296 25 ana 30 Tila (13197 6) TRAvaININTINTATiNULN
unasihmsesdenuuandnsiuinds 18 wiia muﬁwumnﬁqmiutmmﬁwﬁaﬁa Rhyacobates imadatei Wa
Chenevelia stridulans mﬂﬁq@ d'ml,mdoi{w"lmwu Limnometra matsudai mﬂﬁq@] uaﬂﬁ]’mf:ﬂvawumusluﬁqa
Velidae wfa Chenevelia stridulans Iuaimﬁuﬁ'lﬁma Tafimanoomlay Zettel lud 1996 nuiannzil
SImSauldoImouLAZINTYNL  usswuRsauuIniniaTRiefiondtanzluumnssrinlnalugoiuinenes

A L YA e
Jaduunasinieeis A Rhagadotarsus sp.

ATHA 6. muﬁ,ﬁﬂﬁwﬂmmdaﬁwﬁmanmdoﬁﬂm qwmuuﬁamanﬂwm

2 e AR LSS Onychotrechus sp. + -
Ll whlng Ptilomera turberculatus + -

Belostomatidae |Sphaerodema sp. + -
Rheumatogonus sp. + +

Gerridae Amemboa sp. + - - -

Rhyacobates imadatei + -

Cryptobates sp. + -
Ventridius sp. - +

Cylindrostethus sp. + -
Hebridae Merragata sp. + -

Limnogonus sp. - +
Helotrephidae Distotrephes sp. + +

Limnogonoides sp. - +
Idiotrephes sp. - +

Neogerris sp. + -
) Hydrometridae |Hydrometra sp. + +

Metrocoris sp. + -

Metrocoris + +

nigrofasciatus
1d zia URES | unas
fe | lna
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AN 6. (da)

14 7ha UARS | WA 14 7Hia UARS | URES
fe | lna Wfe | lna
Mesoveliidae Mesovelia sp. + + Cercotmetus brevipes + -
Micronectidae Micronecta sp. + - Leccotrephes sp - +
Micronecta sp.1 - + Ranatra sp. - +
Micronecta sp.2 - + Notonectidae Anisops sp. + -
Micronecta sp.2\3 - + Aphelonecta sp. - +
Micronecta + - Nychia sp. + +
(Pardanecta) Walambianisops sp. + +
haliploides sp.
Veliidae Chenevelia stridulans + -
Micronecta + -
. . + _
(Sigmonecta) Microvelia sp.
quadristrigata Lathriovelia sp. - +
Synaptonecta issa + - Microvelia sp. - +
Naucoridae Ctenipocoris sp. + + Perittopus sp. - +
Nepidae Austronepa sp. + - Strongylovelia sp.1 - +
Cercotmetus sp. - + Strongylovelia sp.2 - +
Cercotmetus asiatious + - Strongylovelia sp.3 - +
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76 Ml aunid Endwane uazgiaul wanfisg. 2542, MIEnmaNRAINEAIENNEAIINETlY
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dszinalng.

fiansarl aanenes. 2544, TaAnpvescsouLuasmuantaantinyiia Stenopsyche siamensis (Insecta: Trichoptera).
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VNIINLABVAULTIN.

pyIEad Bundiag, wnwa uastlszay uazgliisoe Bundiag. 2540. ﬂ’]i(ﬂi’l‘-ﬂﬁam’]mnﬂwﬁﬂLL&i‘li’]LL‘LIUIM%J' lagldasi
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Anansol SZANFY. 2542, AMURAINTAAVBILNRIRHaULAENTEN29F Hydropsychidae LSR8 NTLE uazABwng
1930 qﬂmuuﬁwwﬁﬁmun IngnfiwusUSygingamsasumtmda 2152901 Uieingnat
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Abstract: Macrobenthic Fauna Community and Optimum Sampling Pratocol
for theLower Part of Inner Songkhla Lake, Southern Thailand

The aims of the investigation were to determine the species diversity and abundance, and the
optimum sampling protocol for macrobenthic fauna at the lower part of the Inner Songkhla Lake. The
study was conducted from February 1999. A total of seven phyla and 59 species (excluding polychaete
larvae) were identified: Annelida (58 species), Crustacea (56 species), Mollusca (23 species),
Platyhelmintnes (1 species), Cnidaria (4 species), Hexapoda (7 species) and Chordata (10 species). The
most dominant species were polychaetes (Ceratoneris burmensis, Namalycastis indica, Minuspio sp. 1,
Pseudopolydora kempi and Prionospio cirrifera), a gastropod (Maginella sp.), a pelecypod (Macoma
sp.), an amphipod (Photis longicaudata), and a tanaid (Ctenapseudes sp.).

A dendrogram of 9 stations, using group averages clustering from Bray-Curtis similarities on 4"
root-transformed abundances showed four groups of stations with 60-63% similarity while a
dendrogram of 6 months showed three groups of months. The results of linking biotic and 13
environmental variables (pw) showed the best 3-variable combination of %sand, total nitrogen and
dissolved oxygen (pw=0.82) in temporal anaysis and the best 8-variable combination of %clay, %silt,
organic carbon, soil pH, depth, dissolved oxygen, total suspended solid and temperature (pw=0.84) in
time analysis.

For determination of the optimum sampling protocol, significant differences were found among the
macrobenthic communities of different replications at a significant level of 98.9%. Results showed at
95% Bray-Curtis similarity that 7 grabs are necessary for a representative sample. At 90% Bray-Curtis
similarity, it was found that 3 grabs are necessary for a representative sample, but that 26 rare species
were lost. The differences in the number of replicates are related to the habitat and the season. The
number of replicates that are suitable for assessing the macrobenthic fauna in the phyla Annelida,
Crustacea, Mollusca and all other phylawere 3, 7, 7 and 11 replicates, respectively.

A comparison of macrobenthic fauna community structure between samples collected by the 2 mesh
sizes was determined using Bray-Curtis similarity and analysis of similarity (ANOSIM). No significant
differences were found among mesh samples at a significance level of 95%. But using the >0.5 mesh
size, 170 species (including polychaete larvae) and 90194 individuals were found. No significant
differences were found but using only the 1.0 mesh size resulted in the loss of 12 rare species and 38264
individuals. Thus any assessment of diversity and abundance of macrobenthic fauna based on such a
sample will probably below.

Key words. Songkhla Lake, Southern Thailand, macrobenthic fauna structure, sampling protocol
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