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Acetolysed pollen grains from eighty-five species belonging to thirty-six genera of
the family Apocynaceae in Thailand were studied on morphalogy by means of light and
scanning electron microscopes. Twenty-three pollen types are recognized based on
dispersal unit, polarity, aperture, ernamentation, size as well as shape of pollen grains.
Pollen grains are mostly monads, isopalar to subisopalar, subspheroidal, small (14-19 pm)
te very large (100-106.33 pm), 3-4-zonocolporate or 3-4-2onoporate, psilate to perforate

ormamentation.

Althouglyit seems that pallen morphological evidence of Thai Apocynaceae is not
congruent with the current morphological and molecular classification for delimitation of
existing taxonomig groups, it does provide some valuable information. Palynologically,
Rauvolfivideae is hetarogeneous subfamily while Apocynoideae, on the other hand, 15
much more homogeneous. In the context of identification, because the Apocynaceae is
rather eurypalynous family, it is feasible Lo utilize pollen morphology to identify different
taxonomic groups of Thai Apocynaceae, even species, based mainly on the aperture,
shape and size, Pollen murphu'.[ﬂgh;_a! changes t}il;hjn-!his family are mainly in the context
of reduction of apertural area, colporate to porate, as cccurred in the Rauvolfioideas to
Apocynoideae, respectively. Furthermore, this palynelogical trend can be found in the
change of colporate basal tribes of Rauvolficideas to diporate Alyxieae. The palynological
data of Thai Apocynaceae support the view that Asclepiadaceae is not distinct family and
it should be considered as a part of Apocynaceae with distinet charactenstics.
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CHAFPTER1

INTRODUCTION

Palynology is the study of the pollen and spores of plants, and also comprises

of microfossils (Faegri and Iversen, 1964). The palynolegical research is a relatively
recent branch of plant morphelogy and alse provides a great wealth of
phylogenetically useful information (e.g. Olvera of af, 2006; Sarwar and Takahashi,
2006; Banks ef al, 2008; Telleria, 2008).

In Thailand, there are few palynological works have been done. There are only
2 pollen morphological studies of the Thai fora, le Melastomataceae
(Chantaranothai, 18997) and Buphorbiaceae (Chumpol Khunwasi, pers. com.). In
addition, many other studies were not in the context of a palynological study for the
Thai plant families as & whole, ie the ftribe Inuleae of Asteraceas
{(Pornpongrungrueng and Chantaranothai, 2002), 10 genera of Convolvulaceae (Na
Songkhla and Khunwasi, 1989), 9 genera of Amaranthaceas (Puangpen Sirirugsa,
unpub, data),

Conforming te Erdtman {1952), great variations in pollen morphology were
obsorved. Therofors, it is interesting and of & merit to do such research on the
palynology of the apocynaceous plants in Thailand becausa little is known ahout the
variation of pollen morphology within this family.

In 1810 Robert Brown seqregated the Asclepiadaceae out of Apocynaceae
Jussieu, based mainly on being the presence of translators in the latter and their
absence in the former (Endress and Stevens, 2001; Endress, 2004). Recently the
families Apocynaceae and Asclepiadaceae, however, were grouped together into one
family, Apocynacean 5.1, because the new information and cladistic interpretations of
its support the recognition of a single entity (Civeyrel af al, 1998; Sennblad ef al,
1998; Judd st a/, 1999; Endress and Bruyns, 2000; Sennblad and Bremer, 2000;
Potgieter and Albert, 2001; Sennblad and Bremer, 2002). Although thers is still the
argument about Apocynaceae circumscription, it is clear that it is divided into five
subfamilies: Rauvolfisideas; Apocynoideae; Periplocoideas; Secamonoideas and
Asclepladoideas (Endress and Bruyns, 2000),

In this study, the Apocynaceae classification was fallowed Middleton (1999)
including only two subfamilins: Rauvolfioideanr and Apocynoideas. The classification



system within this family, however, was based on Endress and Bruyns (2000).
Apocynaceas sstr. is a family of Mlowering plants in the order Gentianales, with
approximately 1,900 species belonging to 165 genera, 14 tribes distributed
widespread in tropical and subtropical regions, with a faw genera extending into
temperate areas (Mabberlay, 1997; Judd & &/, 1999; Endress and Bruyns, 2000)

According to Middleton {(1999), approximately 125 species of 42 traditional
apocynaceous genera were found in Thailand. They were classified into 13 tribes
based on Endress a.n-:l Bruyns (2000) (Table 1.1). The distinguished characters of this
family are existenca of milky sap, opposite leaves and corolla lobes overlapping to the
laft or right in bud. This family is distinctive in account of numerous ornamental
plants. Mearly all taxa are poisonous and many have medicinal uses (Mabberley,
1997; judd efal, 1999).

It is expected that the results obtained from this study will be an additional
information for taxonomic study of the Thai Apecynaceae as well as a basic for any
pollen analysis researches in the future.

Aims of the thesis

1. To investigate pollen flora of the Thai Apecynaceae: to describe the pollen
morphology in order to clarify details of varations in pollen morphology, and to
construct the key of pollen tvpes along with a discussion of possible pollen
morphological trends and systematic value of pollen morphology in this family.

2. Ta collect the pollen slides of the Apocynaceae in Thailand and deposit them
in the herbaria for future references.



Table 1.1 Classification of the Apocynaceae excluding subfamilies Penplocoideas,
Secamonoideae and Asclepiadoideas (modified from Endress and Bruyns, 2000).

Sublamily Tribe Genera

Rauvolfioidean Alstonican Alstonia, Aspidosperma,
Feissospermum, Haplophyton,
Laxoplumeria, Microplumeria,
: Strempeliopsis, Tonduzia, Valleza
Vincean Am=onia, Catharanthus, Kopsia,
Neisosperma, Ochrosia, Peichia,
Rauvelffa, Vinca

Wlllughhmaa Ancylobotrys, Bnuﬁg&m‘a,
Chamaeclitandra, Clitandra, Couma,
Cyelocotyla, Cylindropsis,
Dictyvophleba, Hancornfa, Lacmellea,
Leacenatis*, COrthopichonia,
Pacouna, Parahancornia, Saba,

Vahadenia, Willughbeia

= e

Taimmau montaneas Ambalania, Bonafousia, Callichifia,
Calocrater, Carvalhoa, Crioceras,

Macoubea, Malongum, Mucao,
Neocouma, Rbigospira, Sclhizozygia,
Spongiosperma, Stemmadenia,
Stonosolen, Tabernaemontana,
Tabaernanthe, Voacanga, Woythowskia
Melodineas Crasprdoesperiia, ﬂﬁwancb us,
Dyera*, Gonioma, Kamettia,
Afeledinus, Pycnobatrya,

Stephanosieqia
Hunterieas Hunteria, Picralima, Pleiocarpa
Plumerieas Allamanda, Anccliites, Camerairia,

Cerbera, Cerberiopsis, Himatanthus,
Martonielfa, Plumersa, Skytanthus,

Thevetia
Carisseae Acokanthera, Carissa
Alyxieae Alyxia, Chilocarpus, Condylocarpon,

Lepinia, Lepiniopsis, Flectaneia,
Fraralyxda




Table 2.1 (continued)

Subfamily Tribe

Genera

Apocynoideas Wrightieas

. - = L T e

Maloueticas

o m— i it

Adenium, [sonema, Nervum,
Flefocaras, Stephanostema,
Strophanthus, Wrightia

Alafia, Mw:aadmnr'a. Carruthersia,
Farguharia, Funtumia, Holarrhena,
Kibatalia, Malouetia, Malovetiella,
Mascarenhasia, Fachypodium,
Spirolobium

Apocyneas

Aganonsrion, Aganosma,
Anodendron, Apocynum, Baharuia,
Baissea, Beaumontia, Chonemorpla®,
Claghornia®, Dewewrella, Elvtropus,
Epigyvaunr, Fucorymbia, Forsteronia,
fchnocarpus, [xedonerium, Motandra,
Odontadenia, Gncrnotis, Papuechites,
Parameria, Parepigynum,
Sindechites*, Trachelospermum,
Urceala, Vallarfopsis, Vallaris

Mesechiteae

Affomarkgrafia, Galactophora,
Macrosiphonia, Mandevilla, Mesechites,
Cuiotania, Secondatia, Telasiphonial,
Tintinnabulana

Echiteas

ASETara I AR | Artic,
Asketanthera, Cycladenia, Fchites, Foua,
Fernaldia, Hylaca, Lavbortia,
Macropharynx, Neobracea, Parsonsia,
Peltastes, Pentalinon, Fottsia®,
Prostonia, Rhabdadenta, Salpinctos,
Stipacoma, Temnpadenia, Thenardia

Remarks: -

Cenera cccurring in Thailand and included in this study were marked in bold
Thosea in bold followed by asterisk (*) indicated taxa were not sampled.
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LITERATURE REVIEW
2.1 Morphological character of the Apocynaceas

Treas, shrubs or elimbers, rarely herbs: latex present. Leaves simple, opposite
or, more rarely, verticillate or spirally amanged. J[aflerescence cymose, rarely
fasciculate or solitary; terminal or axillary. Flewers hermaphrodite; 5-merous, rarely
d-merous (in Leyconodis); actinomorphic or, very rarely, slightly zygomorphic. Sepafs
often with colleters inside. Coroffa sympetalous; salverform, infundibuliform,
urceolate or rotate; lobes overlapping to the left or right, more rarely valvate.
Stamens inserted on the inside of the corolla tube; completely included or exserted:;
anthers sagittate or ovate, free or adnate to the pistil head; sometimes with the base
and apex sterile. Mgk presant or absent, Gvary superior or, rarely, semi-inferior; of 2
separate carpels united inte a common style, a single bilocular ovary or a unilocular
ovary; pistil head with a stigmatic base and a 2-clef apex. Fruit a drupe, berty, capsule
or follicle, Seeds simple, arillate, winged, with a ciliate margin or with an apical
and/er basal coma (Middleton, 1999).

/

L}
L

Figure 2.1 Variations of stamen position (A-D) and anthers (E-I} of Apocynaceas. A
Stamens in throat, unattached but with a close association to the style (Cerbera
manghas); B, C. Stamens attached to styla head (B. Trachelospermam astaticum, C.
Pottsia faxiffora); D. Stamens completely separate from style (Taberpaemontana
podiyncularis): E. Simple undifferentiated anthers ( Taberaaemontana pedunculans;
F. Simple anthers with apical attachment (Cerbera manghas); G. Anthers with large
areas of sterile tissue and apical attachment ( Stropbanthes wallicki); H Anthers with
scleranchymatous guide ratls and limited lertile area { Trachefospermum asiaticym);
I. Anthers with limited slerile area (Holarrbena curtisy) (Modified from Middlelon,
1999).

-




According to the classification of Endress and Bruyns (2000), Apocynaceas
sstr. consists of two subfamilies: Rauvolfioideae and Apocynoideae. The
Rauvolfioideae typically have the corolla lobes sinistrorsely contorted in bud, the
anthers are mostly unspecialized and free from the style head, and there is a hroad
array of fruit and seed types, although the seeds are almost always ecomosa. The
Apocynoideas, in contrast, are characterized by having the corolla lobes dextrorsely
contorted in bud and anthors spacialized with lignified guide rails and adnate to the
style head, forming a gynostegium, The fruit is almost always a dry follicle with
comose seeds.

The key characters of all 14 tribes of Apocynaceae ssir. are presented in
Table 2.1.

2.2 Previous palynological works on Apocynaceae

The study of Erdtman (1952) was one of the pioneer works on pollen
morphological descriptions of the family Apocynaceae. He made the first synthesis of
pollen morphological data for taxonomic discussion. He axamined poallan morphology
of approximately 150 species from 60 genera of Apocynaceae, He found that this
family showed eurypalynous which could be recegnized by many apertural types, and
various size and shapes. He also stated that the morphological diversity of the pollen
was most pronounced in subfamily Plumearioidaas.

Tha detailed descriptions of tha pollan morphology of 16 Apocynacean plants
wera then presented by Hoang (1972). He also was the first who constructed the
pollen kay to genera of this family.

Rau and Shukla (1975) studied pollen grains of 9 species belonging to 9
genera of some [ndian Apocynaceae. They recognized 3 pollen types with regard to
their apertures, {.e, 3-zonicolpate, 3-zonicolparate, and 3-zoniparate. Moreover, they

pointad out the varions ornamentation patterns of exine surface.

Van Campo & al (1979) examined pollen morphology of 24 species of the
genus Taboerpacmontana and 1 species of related genus. They suggested that somo
genera ought to be included in Tabernaemontana with referance to the general pollan
morphology as well as to the fine sculpture of the inner exine surface,



Cousin {1979) characterized the pollen grains of Viaca rosea by a distinctly
granular sexine and an absence of nexine in the interapertural areas and by a non
granular sexine and nexine near the colpus, where the exine has an atypical
structure, intermediate between granules and columellae.

Mair (1981) described the pollen morphology of some plants from Western
Himalaya in which there are 3 species of Apocynaceae included. He found that the
pollen grains were sphercidal with 3-porate or 3-colporate apertures, and psilata

ornamentaton.

The significance of pollan morphology in 17 genera of Apocynaceas werse
further studied by Nilsson (1986). He established three groups with reference to
morpholegical or functional similarities or dissimilarities. He also concluded that
pollen morphology supported some closa relationship genera.

Further centributions to the pollen morphology of the family Apocynaceae
were made by Roubik and Moreno (1991). They studied pollen of 21 species from 14
genera of Apocynacaas. They constructed the key Lo species of these plants, provided
with spectes descriptions of their pollen.

The next major step was made by Van der Ham af &/ (2001), who investigated
the pollen of 44 species belonging to the tribe Afyosas. They found that 2-porate
grains were the most common type in this tribe with irregularly disposed and
unequal-sized pores. Moreover, the orientation of the polar axis and equatorial plano
could not be determined in any of the genera. They indicated that the pollen
morphology supported preliminary results of cladistic analyses of chloroplast data.
They concluded that this tribe was a monophyletic group nested a 3-colporate clade.

Eleven species of Apocynaceas belonging to 7 genera were palynologically
studied by Moreira af al (2004). They showed that twa large groups can be identified
colporate pollen grains and porate pollen grains. Thay, finally, concluded that the
genera could be saparated by palynological characters and within genera their
species studied are heterogeneous palynolegically.

Wan ‘de Ven and Van der Ham (2006) studied 19 Aefodinus spp.and
Craspidesparmum verticilfatum pollen, The pollen grains of the genus Malodipus are
usually medium-sized monads with 3-4-colporate while Aelodious coraceus is

polymorphic as to disparsal unit; mostly tetrads, sometimes monads. In addition,



Craspidospermum verticillatum, the closest relative of Melodinus, has its pollen also
in tetrads. In conclusion, on the basis of pollen morphology, it is hypothesized that
tetrads evolved independently in Melodinusand Craspidospermum.

AU INENINGINS
ARIAINTUNNINGINY



Table 2.1 Key characters of 14 tribes of Apocynaceae s.str. according to Middleton {1999) and Endress and Bruyns (2000)

L Astivation of Insertion Relationship of Style head
corolla of stamen anthers with siyle Stigmatic receptive area
Willughbeane sinistrorss slightly umnitached bat with with collar bansath basal collar
uppar half  close association
tathestyla bead o
Viecosa sinkstroaas or maar throat 'u-pll'ulrupm with collar hanoath hasal collar
daxtrarss from scyla, upattachod
in Kopsiannd but witha closs
Gehroga association to the styls
hwad in Ragiedis =
Tabarnasmonianeas sinistrorss uppar half complataly saparata with ar without collar bazsath basal collar or
“from soye uniformly receptive
Alstonisns =i nlsdrorme middla to complataly separate without basal eollar uniformly r-a.-;un'_ .
or dextrorse upper half from styie and upper wreath
Melodinese ETTETI AT nuicldle :;ﬂiglﬂ}' unnttached bist with a close mmﬁthudmﬂlr unifarmly recaptive
lewer hall nssociation to the style and uppar wreath o
Hanterions sinksireaas upgper hall usnitached but with & closs witheut basal collar unifermly recsjslive
- == L association to the styla and uppar wreath —== e .
Plomerinas sinlstroess middle te nppar campletaly saparats fram with basal collar or lolses, nodata
hailf, vary basa styla, woakly coherent to styls no distinet collar in
in Plusmerta head in Alfannaeds, apically FPlumeria, well-developed
ncioss bop of boad in Theselis uppar wreath in Ailsarsads




Table 2.1 (continued)

Axtivation of Inzertion Relationship of Siyle head Stigmatic
Triba corolla of staman unthers with styla receptive area
Caristeas sinlstrorse upper halfl unattacked but with a close scarcaly difforontistad upiformly receptive
of daxirorse nzsocialion m‘lh;uﬂn without callar
Alyxisne sinistroree apiper hall eomplately saparale from without basal collar - uiformly iecefitive
s Adyxle, style fi Chilocarpus, apid gpper wrsath
stightly lower unattachod but with &
in Chilocarpus close lﬂndﬂinn-tﬁ
——— Eha stylein Alyxine
Wrightieas daxtrorse included weakly attached to with basal collar and upper bonsath basal collar
e ta sxsertod base of style hoad wreath of longer kairs
= Hiaghtin ‘
Maloastiean dextrorse included ntinchod to midde globoss with narrowly an udnnflm;'
1 pxsaried of style bead copical uppor part or cylindical part balow
= = _ — bronsly [usform adnation of antbors
Apocyneas daxtrarse insartod nuar attachad nt about broadly fusfors o lowsr cylindzical
{axcept the bass al middls of 2iyle bead region balow
FaramsTsl caralln tabe adaaton u!nl:.'uu‘:_‘
Mesachitesn dextrorse inserted at attached to the projectinn with 5 arms uunl!-rmhwluw- _
_ - base of thraat 1° __“ﬂhtmiﬂai*hld regron of stylo head
Echitean dextrorss partiallyto attached near base cylisdrical to narrowly on uhderaide of styla
complataly of styln hoad Pasiform, broadest and with head banesth collar
sxseried collar at base and

oL

10



CHAFTER I

MATERIALS AND METHODS

3.1 Plant materials

Pollen samples were obtained from voucher specimens deposited at BEF,
PSU, and BCU herbana. Bue to unavailability of pellen from some voucher specimens
as well as to access variation in palynological characteristics in different locality,
additional field collacion was made and these voucher specimens were deposited at
BCLL.

Field collection for herbarium specimens and pollen materials were made
throughout Thailand during 2005 to 2007, Ten to twenty mature flowers of each
species were kept and dried in paper envelopes, In addition, three duplications of
plant specimens were collected and kept at the Kasin Suvatabhanhu Herbarium,
Department of Botany, Chulalongkorn University (BCUJ.

The pollen of all the genera in Thailand have been examined (Table 1.1), with
the exception of the Lewcomotis, Dyera, Chonemorpha, Cleghornia, Epigynum,
Sindechites and Pottsia for which there is no pollen material available. A total of 114
pollen samples belonging to 85 species représenting the 36 genera, 13 tribas of Thai
Apocynaceae were included in this study. A list of all voucher specimens is provided in
Appendix A Eighty-one pollen samples were obtained from the specimens deposited
in BKF, PSUJ, and BCU. The rest were from the feld collection.

3.2 Equipmenis

1) Paper envelopes

2) A plant press, size 30-46 cm
3) A pair of hand pruners

4] Flastic bags

5) Hand-lens

6] Camera

7} Collector's number cards

3.3 Chemical and supplies
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1) 10% Fotassium hydroxide

2) Glacial acetic acid

3) Acetic acid anhydride

4) Concentrated sulfuric acid

5) T0%, 90%, and absalute athyl alcohol

6) Distilled water

7) Banzene

B) Silicone oil, AK 2,000

9) Glycerine jelly faccording to the recipe of Hearns and Inouye (1993))
10) Paraffin wax

11) lmmersion ail

12} Lahel stickers

13) Vials 1/2 dram

14} Sieving crucible

15) Beaker 50 ml and 100 mi

16) Hot plate

17) Centrifuge Hettich Tuttlingen model EBA 85 and centrifuge tubes
18) Microscopic slides and cover glasses

19) Stage micrometer, scale 1:10 pm

20) Light Microscope (LM) Olympus model CH30 and Olympus model B51
aquip with digital camara unit DF70

21) Scanning electron microscope (SEM) Joel model JSM-5410 LV

3.4 Laboratory procedures

The pollen grains were first released from the anthers by beiling in 10% KOH
approximately 5 minutes, They were then acetolysed according to the method of
Erdtman (1960) as follows:

1) Wash pollen residues with distilled water 3 times.

?) Remove water by means of glacial acetic acid.

3] Remove most organic matters with acetolysis mixture (chemically pure
acetic anhydride : concentrated sulphuric acid: 9:1) and boiled in 70°C
heating water for 1 minute,

1) wWashwith glacial acetic acid,

5) Wash with distilled water 3 times.



In each step, the mixture was centrifuged at 3,000 rpm. inside the fume hood

to ensure pollen retention alter sach chemical treatment/wash.

Howaever, there were few pollen grains in soma samples and they usually got
lost during slide preparation, the pollen preparation was followed the glycerine jelly
fishing (Erdtman, 1960). This method was carmied out in depressed microscopic
slides, and absorbing paper was used to remove selution in each step.

Following acetolysis, the pollen wers dahyﬂnt‘.nd. in an athanol series, and
lurther pollen preparation was done for LM and SEM observations.

3.4.1 Preparation of pollen for LM investigation

Penzens was added to acetolyse pollen grains, and left for overnight. Then,
silicone oil was added, and transferred into 1/2-dram vials for permanent collection
The permanent slides of each pallen sample were made using silicone oil as mounting
medium and sealed with paraffin wax.

In cases of slide preparation for the glycerine jelly fishing method, glycorine
jelly was used as mounting medium instead of silicone gil and sealed with paraffin
Wax.

The permanent slides of all pollen samples were deposited at the Kasin
Suvatabhanhu Herbarium, Department of Botany, Chulalongkorn University (BCU).

3.14.2 Preparation of pollen for SEM investigation

Absolute ethyl alcohol was added to acetolyse pollen grains before subjecting
dehydrated by critical-point-drying. Then, CPDed pollen was mounted on aluminum
stubs, sputter coated with gold-palladium.

3.5 Pollen characler measurement

Pollen sample from each species was observed under LM and micrographs
wera akan with 100> objectiva lens and 3.3 X or 5% photo lens. SEM observation was
carmied out at 15 kV, and electron micrographs were taken at 1,000 to 15 000

magnifications.
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The polar axis (P), equatorial diameter (E) and polar area index were
measured from at least 8 Ilulhll'lpuﬂn grlil!-ualug n oil immersion 100X bjmtiu

ﬂUEI’JVIW’I‘iWEJ’]ﬂ‘i
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CHAPTER 1V
RESULTS

From the total of 125 species of 42 traditional apocynaceous genera belonging
to 13 wibes found in Thailand (Middleton, 1999: Endress and Bruyns, 2000), of which
BS species (ca. 68%) of Thai Apocynaceae were included in this study. These were
accounted for only 4.4 7% of all Apocynaceas s str. around the world.

Thus far, only 19 species belonging to 17 genera, 10 tribes of Thai
Apocynaceas were included in previous palynological studies (Huang, 1972; Rau and
Shukla, 1975; Van Campo &f al, 1979; Cousin, 1979; Nair, 1981; Hilsson, 1986;
Roubik and Mereno, 1991; Van der Ham &¢ af, 2001; Moreira of &, 2004; Van do Ven
and Van der Ham, 2008). From this investigation, it was estimated that about 25 per
cent more palynological data of Apecynaceas was increasad from previous studies.

4.1 General pollen morphology
4.1.1 Light microscopy

Pollen grains are mostly monads, rarely tetrahedral tetrads. The pollen grains
usually are isopolar to subisopolar, rarely apolar or heteropolar. The polar field index
of pollen grains vary from small (0.12) to large (0.80). The circumference of pollen
grains in polar view can vary from circular to elliptic, tiangular, rectangular or hexa-
angular. The pollen grains can occur in peroblate to prolate, but usually occurring in
suboblate ta prolate spheroidal, rarely barrel-shaped or bone-shaped. The variation in
size formed a gradient from small (14-19 pm) - to very large (100-106,33 pm) - sized.
The most common types of apertures found in most species are zonocelporate and
gonoporate, rarely zonocolpate, zonopororate or pantoporate. Endoaperture
lalongate, constricted or not, with horns, H-shaped, or united in equatorial
endocingulum. The basic nimbers of aparturas are three and four, rarely two or five,
or more than ten. The exine sculpture of Apocynaceae pollen is usually psilate to
perforation, or granulate due to infratectal elements.

4.1.2 Scanning electron microscopy

The exine sculpturing can be psilate, perforate, [ossulate, floveolale,

verrucate, scabrate, granulate or microreticulate. The tectum at interapertural area
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usually has different sculpturing from the others of the grain. In many species, the
exine sculpture is usually psilate to perforate with more or less granules on the
tectum. In addition, it may reveal fossulate with perforations in the fossulate. The

ornamentation around apertures sometimes psilate and imperforate. Infratectal of

the exine usually very short columellar or granulate. Inner nexine surface usually

granulate to verrucate, especially around aperture. The aparture may be covered by a

thickened lid or eperculum, resulting in an operculate aparture.

4.2 Kt].r Lo pollen Lypes
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Aperture golporate or pororate of colPate. .............ccociieeeencnrnsrmnrnsinnsen. B
Grainsubizopolar o hetaropolar.. ... ... i e
e G T | Ty S —— S T i S A R 4
Grain barrel like shapa; large-sized grain ... Alyxias reinwardti type
Grain oblate to suboblate; small-zized grain............... Aredesdron affipe type
Grain polypantoporate ..o s JElINOCATPUS polyanthus type
GralrEnnoDEraiag. o, . £ 0T, S e aaii . . il o B SR oo e sssas s s sy s o]

Grain (1-)Z2-ZonoPorate. ... ceeeee e smansssseesiemensnsoanes o = BUOCEIPU S Costatus ype
Grain (2134 (-S)-ZOn0DOTALE . ... ...k tttallabats - -« casetbbsorenressnsasosssassssnisssasanesasenes B
loner nexine surface band-like gemmate. ....... Spirefobivm cambodiannm type

Inner nexine surface granulate or unevenersmooth ... T
Inner nexine surface smooth; large-sized grain; relative large pore;

exing thickness lessthan 1 pim .....ooovevviinviiniicinninne Amalocalor microfabustype
Inner nexine surface granulate or uneven; small- to large-sized grain;

exing thickness 1-3 pm, somewhat less than 1 pm_........ Adanium ebesym type
Grain tetrahedral tetrad .............oocoeiieinescineineneennns Melodinus orfentalistype
Crallimonad. ... ..o RN T e v e+ s sscs i ror s R vsasmar sasesisinneinisn D
Semitectate grain: sexine parforate to microreticulate ................ F— 10

Tectate grain; sexine psilate, perforata, foveolate,

foSsullitd oy Varrigare . £3 8 (R0 6N R K8 800 % 6% 3T .11
Endoaperture colpi: grain medium- to large-sized ... Thevetia parwviana type
Endoaparture pori; grain large- to very large-sized ... Corbera manghas type
Ornamentation fossulate to verrucate; amb hexa-angular with 3
bilobate-apertural sides; mesocolpium concave ... Ocliresia oppositifoliatype
Ornamentation psilate, perforate or foveolate; mesocalpium psilate

to fossulate; amb circular, triangular or rectangular ...........ccoccviieimnnn . 12

Grain 3-zonocolpate to 3-zonocolporate;
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18. b

19.a

19. b
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20.b

2l.a

2L.b

22.a

22.b

17

pumplkin-like Shape .........corcimi e e rnes Rauvoelfia cambodiana type
Grain (2-)3-4(-5)-zonocolparate or 3 zonopororate; subspheroidal shape...... 13
Grain 3(-4)-ronocolporate with very short

ectoapertura to 3-zonopororate. . .............coceoeee.... Willoghbera corfacaea type
Grain (2-)3-4(-5)-Zon0ColPOrate ...co..ie. ciee . st csornnsarssssssrmssssssssannseasnasss snesens 1
Grain 2-zonocolporate; slightly small-sized grain ... Alstonia angustiloba type
Grain 3-4(-5)-zonocolporato; medinm- to large-sized grain ..., 15
Endoaperture sometimes develop more than one within one ectoaperture;
exine thickness very thin; sexine finely psilate_ ... Allamapda cathartica type
Endoaperture never develop more than one within one ectoaperture;

exine thickness usually more than 1 pm; sexine psilate

to perforabiior folsalabas & . . 8. . o e T e i ninnsn s banrenn L
Grain (3-)4-zonocolporate with incomplete aperture, or pantocolporate........ 17
Grain 3-4{-5)-zonocalporata, never found incomplate apartura

or papicolpaiatafrally. ... el LU UL TR e 18
Grain large; ectocolpi slightly long, widened at aquator, and tapering

towards the pole, sometimes syncolporate; sexine perforate,

sometimes with granules or flat vermicate......................... Kopsia arforea Wype
Grain small to medium; actocolpd relative short, usually closed

at equator; sexine psilate to perforate ... Melodinus cambodiensistype
Endoaperture endocingulum, or diffused endoaperture

with very distinct and equatoriales costa andocolpi;

Id-zonocolporate grain ... T Y e Tabarnaemantana bovina type
Endoaperture diffused or not, costa endopori distinct or not;
A5)-ronocolporate Qrain ........o..oooeeeassscsssssssaanansamatants s afets slasne s nnsnsssasnnse 1D
Exine thickness at mesocolpium uneven, thinner around the aperture,
appearing like ridge around mesocolpial depression ......................c.......... 20
Exine thickness uneven or not, never appearing any ridges.............ccccevcuvees 21

Grain medium-sized; amb triangular with straight or slightly

convex sides: mesocolpium always dopressed .. ... Catharanthus rosays type
Grain large-sized; amb iangular with more straight sidas;

mesocolpiumdepressed or ROt ... 0 Alstonia curtisii type
Endopori with small horizontal horns...........oococceiiieeennn.. Astonia rostrata type
Endopon regular with no extension.. TR WIRTRIUNRRSCTEVNTIMRTETIEUIPTNVTN 81 7.

Grain large-sized; ectocolpi narrow a!lipl:n: or strip-lika, very long,

equal to or slightly shorter than polar axis......... ;... Kopsia aggustipetala bype
Grain mostly medium-sized; ectocolpi elliptic, relative short,

usually shorter than polar 8xis ..........ococviiiiiiiniiiinns Alstonia macrophyifa type



4.3 Description of pollen Lypes

4.3.1 Afyxia reinvwardtif type (Type 1)

Pollen class:
Polarity:
Dispersal unit:
Polar field index:
P/E rato:

Shape class:
Size class:

Polar outline:

Baquatorial outline:

Aperture:

Exine:

Ornamentation:

Included taxa;

Z-zonoporate (very rarely 3-porata)

Subisopolar

Monad

(1.05-)1.52(-2.35)

Irregular barrel-shaped

Large

P = (55.00-)64.50(-75.00) pm, E = (26.00-)44.63(-54.00)

Him

Oblong or oblong-elliptic

Oblong with one convex side and one more or less

straight or concave sides, or irregular barrel-shaped

Pori round, relatvely large compared to the size of

grains, sometimes slightly unequal in size, (10.00-)

27.41(-54.00) pm in diameter; annulus distinct, (1.50-)

3.95(-11.00) pm in width. In 3-porate grain, pori

strongly unedqual in size and irregularly distributed.

Teclale, exine thickness 0.8-3 pm, gradually increase

towards the masaporium and apoparium.

Fsilate to perforate (LM). Perforate (SEM), sometimes

with sparsely foveolate; perforation round or slit-like,

smaller than 0.5 pm, irregularly distributed on smooth,

somewhat, on rough or undulate surface.

Subfamily Rauvolfoideae

Tribe Alyxean Alyada reinwardtii (Flate 1 A-B;
Flate 63 A), A. stamensis (Plate 1
C-F; Plate 2 A-B; Plate 63 B-D), A
thailandica (Plate 2 C-F: Plata 63
E-G)

4.3.2 Anodendron affine bype (Type 2)

Pollen class:
Polarity:
Dispersal unit
Polar field index:

(1-12{-3)-zonoporate or zonocolpate
Isopolar
Monad



P/E ratio:
Shape class:

Size class:

Polar outline;

Equatorial cutline:

Apertura:

Exina;

Ornamentation:

Included taxa:
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(0.53-)0.70(-0.88)

Oblate to suboblate

Small to medium

P = (15.00-)18.70(-23.00) pm, E = (21.00-)26.99(-33.00)

jim

Reqular to irreqular elliptic, oblong-elliptic

Various, circular, elliptic, regular or irregular bone-

shaped

Warious in shapa. Colpi lolongate elliptic, widened at

the equator and tapering to acute ends, or colpi

lalongate rectangular-elliptic, or peri round, obleng-

elliptic, elliptic; margin distinct, unequal in size, (1.00-

11.86(-3.50) % (2.50:)3.31(-4 50) pm; annulus distinet,

2-3 pm in thickness; operculum absent. In bone-shape

pollen grain, aperture always situated at the constricted

Area.

Tectate, exine thickness ca. 1 pm. Exine stratification

obscure; inner surface of nexine uneven.

Psilate (LM). Psilate (SEM) somewhat with uneven or

undulate surface, or with sparsely minute granules and

porforation (smaller than 0.5 pm).

Subfamily Apocynoideae

Triba Apocyneaa Anodendron affine (Plate 3 A-D;
Flate 64 A-C), A corfacenm (Plate
3 E-F: Plate 4 A-B; Plate 64 D-G},
A paniculatum (Plate 4 D-F; Plate
5 A-F; Flate 64 H-])

4.3.3 Ichnocarpus palyanthos type (Type 3)

Pollen class:
Polarity-:
Dispersal unit:
Palar field index-
F/E ratio:

Shapn class:
Size class:

Polypantoporate

Apolar
Monad

Frolate spheroidal to prolate

Medium to large

P = (25.00-)44.08(-68.00) pm, E = (23.00-)38.25(-58.00)
pm



Polar outline:

Equatorial outline:

Aperture:

Exine:

Orpamentation:

Included taxa:
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Circular

Circular to elliptic-circular

Pori round or elliptic, margin distinct or indistinct,
10-24, irregularly
distributed; diameter varies, (1.00-)2.50(-7.00) pm;
annulus distinct, 1.5-3 pm in thickness; operculum

number wvaries, unevenly or

prasent or absent.

Tectate, exine thickness up to 1 pm. Exine stratification
ohscure; inner surface of nexing uneven with granulate,
varmicate or irmmeqular shaped elements, more or less
densaly around aperturas,

Psilate (LM). Psilate (SEM) somewhat with uneven or
undulate surface, or with sparsely minute granules and
perforation (smaller tham 0.5 pm).

Subfamily Apocynoideas

Ichnocarpus polyanthus (Plate 6
A-F; Plate 65 A-B), I serpyllifolius
(Flata 7 A-C: Plate 65 C-E),
Trachelospermum asiaticum
(Plate 65 F-G), T lucidum (Plate 7
D-F; Plate 65 H-I)

Tribe Apocyneae

4.3.4 Chilocarpus costatus type (Type 4)

Pollen class:
Polarity:
Disparsal unit:
Polar field index:
P/E ratio:

Shape class:

Size class:

Polar outline:

Equatorial outline:

Apartura:

2-Zonoporate

Isopolar to subisopolar

Monad

(1.00-)1.11(-1.43)

Irregular prolate spheroidal

Medinm to large

P = (32.00-)42.23(-54.00) pm, E = {23.00-)39.97(-54.00)
pm

Circular

Circular to elliptic-circular

Pori round, sometimes slightly unegual in size, (3.50-
J11.24{-18.00) pm in diamater; unevenly distributed in
some grains; anoulus distinct, 34 pm in width and
usually with granulate sexine elaments along margin.



Exina:

Ornamentation:

Included taxa:
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Tectate, exine thickness 1-2 pm. Exine stratification
shscure. Inner nexine surface irregular vermucate.
Psilate (LM). Perforate (SEM), perforation round or slit-
like, smaller than 0.5 pm, irregularly distributed on
smooth, somawhat, on rough or undulate surface.
Subfamily Rauvoificidean

Tribe Alyxieas Chilocarpus costatus (Flato B A-
C; Plate 66 A-E), C. desudatus

(Plate 8 D-F; Plate 66 F)

4.3.5 Spirafobiom cambodianum type (Type 5)

Pollen class:
Folarity:
Dispersal unit:
Polar field index:
P/E ratio:

Shape class:
Size class:

Polar outling:

Equatorial outline:

Apearture:

Exine:

Ornamentation:

Included taxa:

3(-4-5)-porate

Isapolar to subisopolar

Monad

(0.67-)0.75(-0.82)

Oblate to suboblate

Medinm to large

P=[21.00-13525(-42.00) pm, E = (41.00-)46.88(-52.00)
pm

Cireular

Circular to elliptic-circular

Simple aperturas, pori circular, equal to slightly
unequal in size, (3.00-)6.83(-11.00) pm in diameter,
sometimes unequal-spaced pori. Annuli distinct, 2.00-
3.00 pm thick. nexinous granules or gemmae sometimes
slightly exart at the pori.

Tectate, exine thickness about 1.00-2.00 pm. Sexine
thinner than the nexine, infratectum very thin. Inner
nexine surface granulate to gemmate, a number of
granules or gemmae gradually increase towards the
middle of the polar area and around equatarial zone,
and band-like gemmae around the apertures.

Psilate (LM). Psilate to sparsely perforate (SEM), pores
very small, less than 1.00 pm in diameter, circular, the
distance between the pores longer than their diameters.
Sublamily Apocynoideas
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Tribe Maloustieas Smiralofium cambodianom
{Plata 9 A-F: Plate 67 A-E)

4.3.6 Amalocalyr microfabus type (Type G)

Pollen class:
Folarity:
Dispersal unit:
Polar field index:
P/E ratio:

Shape class:
Size class:

Polar eutline:

Equatorial outline:

Aperture:

Exine:

Ornamentation:

Included taxa:

Remarks:

A-4 (-5)-ronoporale

Isopolar

Monad

(0.76-10.88(-1.00)

Suboblate to oblate spheroidal

Medivm ta larga

P = (35.20)43.33(-52.40) pm, E = (38.43-)49.58(-57.60)

pm

Circular

Circular to alliptic-circular

Pori round or slightly lalongata elliptic, margin distinct

and regular, diameter vanes, (3.00-)11.67(-21.00) pm:

annulus distinct, 1-3 pm in thickness; operculum

present or absant.

Tectaie, exine thickness up to 1 pm. Exine stratification

obscure; inner surface of nexine uneven.

Psilate (LM). Psilate {SEM) somewhat with uneven or

undulate surface, or with sparsely minute granules and

perforation (smaller than 0.5 pm).

Subfamily Apocynoideas

Tribe Echiteas Amafocalyx microlobus (Plate 10
A-C; Plate 68 A-C),
Parsonsia alboflavescens (Plate
10 D-F; FPlate 68 D)

In Amafecalix microfobus, the pollen grains are very often shrunken and

probably susceptible to acetolysis. Therefore, it was difficult to study thess pollen

grains with LM and SEM. Shrinkage might be due to wery thin exine thicknass with
oftan less than 1 pm poorly developed exine.

Although the exine as a whole is usually acetolysis-resistant, endexine appears
to be loss resistant to acetolysis than ektexine (Walker and Doyle, 1975). This is

probahly the reason that the largely endexinous aperture membranes of pollen grains
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are frequently found broken in pollen that has besn subjectad to acetolysis which
lound in Parsonsia alboffavescens pollen grains.

4.3.7 Adenium abesum type {(Tyvpe 7)

Pollen class: (2-)3-4(-5)-zonoporata

Polarity: Isopolar

Dispersal unit: Monad

Polar field index: -

P/E ratio: (0.68-10.89(-1.09)

Shape class: Oblate to prolate spheroidal

Size class: Small to large
P = (12.00)31.97(-70.00) pm, E = (14.00-)36.23(-80.00)
pm

Polar outline: Circular

Equatorial outline:

Aperture:

Exine:

Ornamentation:

Included taxa:

Circular to alliptic-circular

Pori round or slightly elliptic, sometimes unevenly
distributed, margin usually distinct and regular,
diameter wvaries, (1.00-)4.27(-10.50) pm;
usually distinct, or indistinct {(in Ureeofa Jecida) varies
in thickness, 1-5 pm; operculum with granules.

annulus

Tectate, exine thickness ca. 1 pm or lessorup to 2 pm

{in_Wrightia virfdiffora). Sexine thicker than or as thick

as nexine; columella absent, infratectal alveolate or

obscure; inner surface of nexine uneven with granulate,

varmucate or imeqular shaped slements, more donsely

around the apertures and apoporium area.

Psilate (LM). Psilate (SEM) with sparsely minute

granules and perforation (smaller than 0.5 pm),

somewhat with uneven or undulate surface.

Subflamily Apocynoideae

Tribe Wrightisas Adanivm abesum (Plate 22 A-D;
Plate 73 E-G), Merjum alsander
(Plate 22 E-F; Plate 23 A-B; Plate
TAH-1), Strophanthus gratus
(Flate 23 C-F; Flate 73 M0}, 5.
perakensis (Plate 24 A-C; Plate
T3 P; Plate 74 A-B), 5 walfichy,
Wirightia antidysenterica (Plate



Tribe Malouetieaa

Tribe Apocyneae

Tribe Echiteas

Key to subtypes of pollen:

l.a Grainsmall-sized, 3-porata ... .........
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24 D-F: Plate 74 E-F), W. arborea
(Plate 25 A-D; Plate 74 G), W
dulia (Plate 15 D-F; Plate 72 E),
W faeviz (Plate 25 E-F; Plate 26
A-B; Plate 74 H), W fanceolata
[Plata 26 C-F; Plata 74 1-]), W
pibescens (Plate 19 E-F; Flate 20
A-F; Flate 73- C-D), W religioisa
(Plate 27 A-F; Plate 74 K-L), W.
sirikitae (Plate 13 D-F; Plate 70
E-F), W viridiflora

Holarrhena curtisii (Plate 16 A-F;
Plate 72 C), A pubescans(Plate
17 A-F; Flate 72 D), Kibatalfia
arborea (Flate 14 A-D; Plate 71 A-
), K macrophyifa (Flate 14 B-F;
Plate 71 D-E), £ maingayr (Plate
15 A-C; Plate 71 F-1)
Aganonermon polymorpham (Plate
18 A-F; Plate 72 A-B), Aganosma
marginata (Plate 21 A-F; Flate 73
A-B), Beavmontia grandiflora
(Plate 12 A-F: Plate 70 A-B), B.
murtenii(Flate 13 A-C; Flate 70
C-D), Urceola lucida (Plate 11 A-
C; Plate 69 A-C), If micrantha
{(Plate 11 D; Flate 69 H-1), L/
minutiflora (Plate 11 E; Plate 69
D-G), L rosea (Plate 11 F; Plate
69 J-K), Vallaris glabra (Plate 19
A-Dy; Plate 72 F-H), ¥ solanacea
{Plate 28 A-F; Plate 74 C-D)
FPentalinon futenm (Plate 29 A-F:
Plate 73 J-L)

................ Urceola lucida sublype
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(Including: Ureeola lucida, (F micrantha; U8 minatiflora; U, rosea)
1. Grain medinvm- to large-sized, (2-)3-4(-5)-porabe ... 2
2.a  Grain large-sized, (3-)4(-5)-porate, exine thickness
lessthanorca 1pm. ................... Beacmontia grandiffora sublype
(Including: Beapmontia grandiffora; B. murtonii; Wrightia sirikitae)

2.b  Grain medium-sized, or slightly large-sized, (2-)3-4(5)-porate ........... a
3.a Grain (2-)3-porate, slightly large-sized, exine thickness 1-3 pm,
sexine psilate to perforate ..., Kitabalia arborea subtype

i(Including: Kfbatalia arborea; K. macrophydls; £ mﬂnyum
3.b Grain (2-3-M(-5)-porate, medium-sized,

somewhat operculum prasent ... ........ .o it e e 4
4.a Grain 3-4(-5)-porate,
sexine with more or less granules ................. Wrightia dubia subtype

(lncluding: Widghtra dubis;: Holarrhena curtisii, H  pubescens,
Aganenerion polymarphum Vallards glabra)

4.b  Grain (2-)3-4(5)-porate, sexine without any granules ... 5

S5.a  Grain (3-)4(5)-porate, sexine perforate to fossulate
with perforations in the fossulate. ... Wrightia pubescens sublype
(Including: Wrightia pubescans; Aganosma margraata)

5.b  Grain (2-)3-4(-5)-porate,
soxine psilate to perforate ... ... dde;sium ebesumsubtype
(Including: Adenium abesum; Nerum oleander, Strophanthus gratus,
& perakensis; Wrightia antidysenterica; W. arborea; W. laeviss W
lapceolata; W. religiosa; W vindifora; Vallans solapacea; Pentalinon
futetim)

Remarks:

Beaumoniia has larger size pollen but thinner exine, less than 1 pm. In the
tribe Malouetizsas, the tectum of Seavmentra pollem grains has distinct sexine

element.

4.3.8 Meladinus erientalis type (Type 8)

Pollen class: d-colporate.

Follen umnit: Calymmate tetrahedral tetrads, sometimes tetragonal
tetrads (aboul 5 %)

Size class: Large. Diameters of the top of the grain (g) = (42.00-

146.20(-53.00) pm. The length of the vanations between
the three sides of polar trangle of each tetrad, I =



Exime:
Aparture:

Ornamentaticn:

Included taxa:
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(55.00-)67 53{-80.00) pm, d= (39.00-)47 32(-55.00) pm,

and r = (25.33-)27.94(-31.67) pm.

Tactate, exine thickness 1.50-2.00 pm thick.

S-colporate, furrow-like apertures often in interradial

positions. The double furrow (2) (2 demicolpi) length =

(14.00-)21.000-28.00) pm, width = (5.00-16.33(-8.00)

pm. The distances between the three colpus ends (th =

(20.00-130.19(-36.00) pm. Margo present, costas about

300 um thick.

T LM Tectum psilate.

fa SEM; The tectum psilate to perforate, pores small,

circular, less than 1.00 jm in length and diameter, the

distance between the pores shorter than, as long as or

longer than their diameters.

Subfamily Rauvolfioideae

Tribe Melodineae Melodines erientalis (Plate 30 A-
D; Plate 75 A-F)

4.3.9 Thevelia peruviana type (Type 9)

Pollen class:
Polarity;
Dispersal unit:
Polar field index:
F/E ratio:

Shape class:
Size class:

Polar outline:

Equatorial outline:

Apertura:

Jd-zonocolporata

Isopolar

Monad

(0.57-10.61(-0.66)

(0.71-)0.80(-0.92)

Oblate to oblate spheroidal

Medium to large

P = (39.00-)43.33(-49.00) pm, E = (49.00-)54 42(-57.00)
pm

Triangular with more or less straight or slightly convex
sides.

Elliptic to circular-elliptic with slightly protruding at the
middle of ectoaperture.

Ectoapertures — colpi narrow, much shorter than polar
axis, sometimes widenad at the equator ad tapering
towards the pole, ands acute or obtuse, margin roegular,
(2.00-M.88(-7.00) > (21.00-)24 50(-29.00) pm; margo
prasent; costa ectocolpi indistinct. Endoaperiures —

calpi, lalongate elliptic or oblong-elliptic, (8.00-)17.00(-



Exine:

Ornamentation:

Included taxa:
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22.00) ¥ (4 00-)5.29(-6,00) pm; costa endopori presant,
distinct.
Semitectate, exine thickness 2 pm or more, sexine
thicker than nexine. Infratectum granulate.
Microreticulate (LK), lumina irregular in shape and
sige, mun straight, as thick as or thicker than lumina,
somewhat foveolate Microreticulate to foveolate, or
punctate (SEM) lumina or perforation round, elliptic, or
irmegular in shaps and size, mors or loss ca. 1 pm.
Subfamily Rauvolficideas
Tribe Plumerisas Thevetia peruviana (Plate 31 A-F;
Flate 76 A-E)

4.3.10 Cerbera manghas type (Type 10)

Pollen class:
Palarity:
Dispersal unit:
Polar field index:
P/E ratio:

Shape class:

Size class:

Polar outline:

Eguatorial outline:

Aperture;

Exina:

J-zonocolporate

Isopolar

Monad

(0.26-)0.38(-0.53)

(0.84-)0.98(-1.20)

Suboblate to subprolate

Large to very large

P= (54.00-)7941(-93.63) pm, E = (58.00-)82.52(-
106.33) pm

Circular to triangular-circular with convex or slightly
straight sides.

Elliptic to circular-elliptic.

Ectoaperiures — colpi narmmow or slit-like, indistinct or
hardly visible, shorter than polar axis, sometimes
widened at the equator and tapering towards the pole,
ends acute or obtuse, (2.00-)8.99(-18.80) X (-38.00-
148.89(-56.02) pm; margo present; costa ectocolpi
indistinct. Endoapertures — pori, lalongate olliptic to
elliptic-circular, usually much opened, (2 .00-)9.85(-
18.80) X (6.00-115.92(-24.00) pm; costa endopori
presecnt.

Semitectate, exine thickness 0.7-1.5 pm or more, sexine

thicker than nexine, Infratectum alveolate to granulate.



Ornamentation:

Included taxa;

Remarks:
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Microreticulate (LM), lumina round, mun regular, as

thick as or thinner than lumina, sometimes parforate.

Parforate (SEM]), perforation round, elliptic, or slit-like,

less than 1 pm in diameter.

Subfamily Rauvalficideas

Tribe Plumerieas Cerbera manghas (Plate 32 A-F;
Plata 77 A-C), €. odolfam (Plato
33 A-F; Flate 77 D-F)

This pellen type is related to Thewetia peruviana type in more or less
microreticulate to perforate ornamentation but the latter has colpate endoaperture
while the Cerbera manghas type has porate endoaperture. And within this type,
pollen of C odolfam has smaller size than & manghas

4.3.11 Ochrosia oppositifolia type (Type 11)

Pollen class:
Palarity:
Disprersal wnit:
Polar field index:
P/E ratio:

Shape class:

Size class:

Polar outline:

Equatorial outline:

Aperture:

J-zonocolporate

Isopaolar

Monad

(0.24-)0.32(-0.45)

(0_79-)0.89(-0.99)

Suboblate to ablate spheroidal

Medium to large

P = (31.00-)35.75(-42.50) pm, E = (33.33-)40.37(-53.00)
pm

Hexa-angular with 3 hilobate-apertural sides alternate
with 3 concave areas of the middle part of mesocolpium.,
Elliptic to circular-elliptic.

Ectoapertures — colpi narrow or slit-like, slightly
shorter than polar axis, slightly widened at the equator
and tapering towards the pole, margin distinct, ends
acute or obtuse; margin thin, sometimes indistinct;
costa ectocolpi absent or indistinct . Endoapertures —
pori, lalongate elliptic or circular-elliptic, equatorial
ends diffused, indistinct or invisible; costa endocolp
distinct or indistinct.



Exine:

COrnamentation:

Included taxa:
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Tectate, exine thickness ca, 1 pm, sexine thicker or as

thick as nexine. Exine stratification obscure, columella

invisible.

Psilate to fossulate or wverrucate (LM). Fossulate,

verrucate or perforate, pore irregular in shape or

circular, loss than 1 pm in diameter (SEM).

Subfamily Rauvolficideac

Tribe Vincean Oehrasia oppositifofia (Plate 34
A-F; Plate 78 A-D)

1.3.12 Rawvolfia cambodiana type (Type 12)

Pollen class:
Polarity:
Dispersal unit:
Polar field index:
F/E ratio:

Shape class:
Size class:

Polar outline;

Equatorial outline:

Aperture:

Exine:

J-ponocolpate to 3-zonocolporate

Isopolar

Monad

(0.31)0.44(-0.59)

(0.26-)0.45(-0.63)

Peroblate to oblate

Medium to largs

P=(17.50-)34.30(-48.75) pm, E = (36.67-)75.57(-09.67)
pm

Triangular to circular-triangular, with slightly concave
or straight sides, and with, more or less, 2 protruded-
lobe hasides the margins of sach aparturs.

Elliptic to circular-elliptic,

Ectoapertures — colpi, slightly shorter than polar axis,
slightly widened at the equator and tapering towards
the pole, margin distinct, ends acute or obtuse, (0.32-
17.07(-18.00) X (5.00-)12.32(-22.50) pm; margo thin,
sometimes indistinct; costa  ectocolpi  absent or
indistinct. Endoapertures — pori, elliptic or circular-
elliptic, equatorial ends diffused, indistinct or invisible;
costa endocolpi distinet or indistinet.

Tectate, exine thickness 1.0-3.5 pm, unevan, thickest
part located at both apocolpial areas and extended to
the equator, appearing like 3 pairs of ridgas radiated
from both polar ends to the margins of each colpi, exine

thinner betweesn the area of two adjacent pair of ridge;



Ormamentation:

Included taxa;

Remarks:

sexine thicker or as thick as nexine. Exine stratification

obscure, columella invisible

Psilate, and granulate or scabrate at the thinner part of

nexine, due to the infratectal elements (LM). Psilate

with minute perforation, or with uneven or roughly

surface at the center of mesocolpium (SENM)

Subfamily Rauvolfioideas

Tribe Vinceae Rauwvelffa cambodiana (Plate 35
A-C; Plate 79 A-C), R. serpenting
(Plate 35 D-F; Plate 79 D-F), R
sumatrana (Plate 36 A-F; Plate 79
G-H), R verticiflata (Flate 37 A-F;
Plata 79 [-K)

In this typa, pollen of B sumatrang sooms to be different from other Ravvolfa
species by its faintly ndged tectum.

4.3.13 Willughbeia corfacea type (Type 13)

Pallen class:
Polarity:
Dispersal unit:
Palar field index:
F/E ratio:

Shape class:
Size class:

Polar outline:

Equatorial outline:

Aperture:

d(-4)-zonocolporate to 3-zonopororate

Izsopolar

Monad

(0.37-)0.64(-0.80)

{0.72-)0.86(-0.96)

Oblate to oblate spharoidal

Medium

F = (21.00-)31.93(-47.00) pm, E = (27.00-)36.00(-50.00)
pm

Circular to triangular-circular with convex sides.
Elliptic to circular-elliptic.

Ectoapertures — cnlpi'. much sharter than polar axis,
circular-elliptic to rhomboid-elliptic, widely opened at
equator, margin distinct, entire or parallel, ends acute
to abtuse or round; pori eircular; margoe (or annulus in
pori) distinct, ca. 1.52 pm. Endoapertures — lalongata
colpi, elliptic to rhombic-elliptic or narrow elliptic,
sometimes nearly congruent te the ectoaperture; costa



Exine:

Ornamentation:

Included taxa:
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endocolpus (or endoporus) distinct, sometmes

equatorial ends diffused.

Tectate, exine thickness ca. 1 pm, sexine as thick as, or

slightly thinner than nexine, exine stratification

obscure.

Psilate or granulate dus to infratectal elements (L)

Psilate with minute perforation, pore less than 1 pm in

diameter (SEM).

Subfamily Rauvolfioideas

Tribe Willughbeean Willughbeia cortacea
(Flate 38 E-F; Plate 39 A-
E; Flate 40 A-C; Plate BO
F-H), W adulis (Plate 38
A-D; Plate BO A-E), ¥
grandifora (Plate 40 D-F;
Flate 80 [-L)

Key to subtypes of pollen:

1.a  PBEcto- and endoaparture slightly small and narrow:

margin parallel.............cocovvinnviviinn oo Willughbeia edulis subtype
1.b  Ecto- and endoapartura larger and widely opened,

naarly congruent toget har,

sometimes pororate grain................... Willoghbeia cormacea sublype

(Including: W corfacea; W, grapndiffors)

Remarks:

Pollen grains of W edulis are more or less similar to W grapdifora and W

corfacea but the ecto- and endoaperture are smaller and not widely opened. The

difference between pollen grains of W grapdifora and W cerfacea is the smaller size

of the former species.

4.3.14 Afstonia angustifoba type (Type 14)

Pollen class:
Polarity:
Dispersal unit:

Polar field index:

P/E ratio:

2-calporate.

[sopolar to subisopolar.
Monad.
(0.32-)0.33(-0.35).
(0.76-)0.93(-1.04).



Shape class:

Size class:

Polar outline:

Equatorial outling:

Exine:

Aperture:

Ornamentation
Included taxa;

Remarks:
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Suboblate to prolate spheroidal.

Small to medium

P = (19.00-)23.14(-27.00) pm, E = (22.00-)25.00(-28.00)
pm.

Circular.

Circular to alliptic.

Tactate, exine thickness 1.00-1.50 pm. Inner nexine
surface uneven with very small granules, and morse
denser around the apartures.

Ectoapertures — colpi narmowly elliptic, (2.00-)3.62(-
5.00) % (11.50-)14 48(-17.00) pm in length, widenad at
the equator and tapering towards the poles, ends
diffused, margins indistinct. Endoapertures —
lalongate, pori circular to circular-elliptic, (2.00-)3.62(-
5,00} X (2.09-)2.30(-2.51) pm in si2a, costae present.
Psilata (LM) and finely psilate (SER).

Subfamily Rauvolfivideas
Tribe Alstonioas Alstonia angustiloba (Plate 42 A-
B; Flate 81 A-C)

Among colporate pallan grains in the subfamily Rauvolficideas, Aflstonia

angustiloba pollen are unique with their 2-colporate apertures while the others have

3-4(-5)-colporate pollen grains. This pollen type, moreover, has very fine psilate with

no perforation in the tectum,

4.3.15 Allamanda cathartica type (Type 15)

Pollen class:
Polarity:
Dispersal unit:
Polar field index:
P/E ratio:

Shape class:

Size class:

J-zonocolporate

Izopolar

Monad

(0.29-)0.38(-0.47)

(0.88-)1.04(-1.24)

Oblate spheroidal to subprolate

Medium to large

P = (45.00-)51.13(-55.00) pm, E = (42.00-)49.81{-57 .48)
pm



Palar outline:

Equatorial outline:

Aparture:

Exine:

Ornamentation:

Included taxa:
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Circular to mangular-circular with more or less convax
sides.
Elliptic to circular-elliptic.
Ectoapertures — colpi narrow or slit-like, margin
distinet, regular or jagged, slightly shorter than polar
axis, sometimes widened at the egquator and tapering
towards the pola, ends acute or obtuse, somewhat
diffused, 3.5-8 X 4245 pm; margo present: costa
ectocolpi indistinct. Endoapartures — colpi lalongate
ellipic or oblong-elliptie, sometimes diffused into
endocrack of nexine, 10-12.5 = 2.5-8.5 pm; costa
andocolpi present. According to SEM, some grains
sasemed to develop more than ene endeapertures within
one ectocolpi, one at the equator and the other at the
end of ectocolpi.
Tactate, exing thickness wvery thin, less than 1 pm,
sexine thinner or as thick as nexine, Exine stratilication
obscurs. Colomella present but hardly wvisible, more
clearly in surface view rather than optical section.
Psilate with roughly pattern of columella (LM). Psilate
with rough or undulate surface at the middle area of
mesocolpium (SEM).
Subfamily Rauvolficidean
Tribe Plumerieas Aflamanda catfartica (Plate 42 C-
F: Plate 81 D-I

4.3.16 Kopsia arborea type (Type 16)

Pollen class:
Polarity:
Disparsal umit:
Polar field index:
P/E ratio:

Shape class:

Size class:

Polar outline:

{3-)4-zonocolporale

Isapalar to subisopolar

Monad

(0.27-)0.32(-0.36).

(0.84-)0.91(-1.00).

Suboblate to oblate spheroidal.

Large

P = (56.03.)59.00(-65.07) pm, E = (60 40-165.27(-69 80)
jum,

Circular



Equatorial outline:

Exine:

Aperture;

Drnamentation:

Included taxa:
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Circular to circular-elliptic
Tectate, exine thickness about 1.00 pm. Sexine
stratification obscure.

Ectoapartures — colpi narrow elliptic or strip-like, long,
slightly shorter than polar axis, (1.00-)5.33(-10.00) X
(19.00-)42.67(-55.00) pm, closed or widened at the
equator and tapering towards the poles, sometimes
found incomplete apertures, or pantocolporate, ends
actite and blunt, sometimes united at the ends of some

colpi, margo present. Endoapertures — lolongate,

diffused., pori circular-elliptic, (4.00-)6.50(-10.00) X
(6.00-)L1.14(-15.00) pm, costae present.

Perforate (LM). Perforate, sometimes perforate with
small granules or flattened verrucae, pores small,
circular, less than 1.00 pm in length and diameter
(SEM).

Subfamily Rauvolfinidears

Tribe Vinceas Kopsia arborea (Plate 43 A-F;

Plate 44 A-F; Plate 82 A-C)

4.3.17 Melodinus cambodiensis type (Type 17)

Pollen class:
Polarty:
Dispersal unit:
Polar field index:
P/E ratio:

Shape class:
Size class:

Paolar outline:

Equatorial outline:

Exine:

Aperture:

{3-)4-colporate

Subisopolar

Monad

(0.33-)0.49(-0.63)

(0.80-)0.88(-1.04)

Subohlate to prolate spheroidal

Small to medium

P = (20.00-)23,67(-26.00) pm, E = (23.00-)26.92(-30.00)
pm

Circular, circular-elliptic, or rectangular-obtuse
Circular to circular-elliptic

Teclate, exine thickness up to 1.00 pm thick. Sexine as
thick as the nexine, infratectum alveolate.
Ectoapertures — colpi narrow or slit-like and rather
short, (2.50-)3.00(-4.00) ¥ (10.00-)12.89(-15.00) pm,

closed or sometimes opened and widened at the equator



Ornamentation:

Included taxa:

Remarks:
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and tapering towards the poles, ends acute, sometimes
found incomplete apertures, or pantocolporate, margo
distinct. Endoapertures — lalongate, pori circular,
{4.00-)4.40(-5.000) x (2.50-)3.30(-3.50) pm, costaa
distinct, up to 3.00 pm thick. The incomplete aperture
often colpate without the endoaperture, colpi rather

namrow, strip-like shape, (1.88-)5.25(-10.74) X (0.36-

10.74(-1.07) pm, ends obtuse, hardly opened.

Parforate (LM). Psilate to perforate with perforations of

varying size and shape, either round or slit-like, less

than 1.00 pm in length and diameter, sometimes

indistinetly fossulate{SERM).

Subfamily Rauvolficideas

Triba Melodineas Malodinus cambodiensis (Plate
45 A-F; Plata 46 A-C; Plate 82 D-I)

Pollen grains of this pollen type are outstanding with their unique aperturas
which slightly or strongly unequal in size and shape, irregularly distributed and
usually found incomplete apertures or pantocolporate grains.

4.3.18 Tabernaemoniana bovina type (Type 18)

Pollen class:
Polarity:
Bispersal unit:
Folar field index:
P/E ratio:

Shape class:

Size class;

Polar outline:

Equatorial outline;
Aperture:

3-4 zonocolporate

Isopolar

Monad

(0.12-)0.49(-0.66)

(0.71-)0.95(-1.41)

Oblate to prolate

Small to large

P = (26.66-)39.89(-56.00) pm, E = (21.66-)42.53(-59.00)
pm

Circular to triangular with more or less convex sides in
3 aparturate grain. Rectangular, in 4 aperturate grain,
with slightly convex or straight sides.

Circular or elliptic-cireular with curved sides.
Ectoapertures — colpi, elliptic to oblong-alliptic,
widened at the equator and tapering towards the poles,



ends acule or obtuse, (2.42-)6.53(-10.00) * (850
J20.65(-35.00) jm; margo presant, distinct
Endoapertures — endocingulum (band-like continuous
equatonial zona), varying in width between (1.67-)8 56(-
15.23) pm: or endoapertures pori, lalongate elliptic or

oblong elliptic with diffuse ends, (5.00-)7.97(-13.00) x
(16.00-)23.08(-32.00) pm; costa endocinguli or costa
endopor distinct, (4 00-)5 31(-8.00) pm in width.

Exine: Tectate, exine thickness ca. 1 pm, Sexine thicker, or as
thick as nexine. Exine stratification alveclate or
ohscure.

Ornamantation: Psilate (LM). Perforate (SEM), parforations round or
slit-like, smaller than 0.5 pm, somowhat with rough or
undulate surface.

Included taxa: Subfamily Rauvolfioideas
Tribe Tabernaemontaneae  Tabernaemontana bovina

(Plate 49 C-F: Plate 84 E-
). T° bufalina (Plate 48 A-
F; Plate B3 I-N), T
corymbasa (Plate 50 A-F;
Flate 84 M-P), T.
divaricata (Plate 49 A-B:
Flate 84 A-D), T
pandacagui(Flate 51 A-E;
Plate 79 AC), T
paucifiora(Plate 47 A-D;
Flate 83 A-D), T
peaduncelaris (Plate 47 B-
F; Flate 83 E-H)

Kay ta subtypes of pollen:

l.a Endoaparture andoCi ngullm.. oo cmmsmmsmmnssssamnssiomanns ssansssssnnssmes s ssses 2

1.b  Endoaperture always diffused with

distinct costa endopori... ... Tabermaemontana paucifTora subtype
(Including: T paveiflors, T° peduncilarns)

2.a  Sometimes endoaperture discontinuous and dilfused;



2hb

3. a

ib

4. b

A7

costa endoport or endocinguli distinet and
equatoriales.........coovvveinienenenn Tabernaemontana bulalina subtype
Never found any discontinuous endoapeartures;

costa endocinguli distinct....... | e R P N 3
Exina thickness 2 5-3 jim; small- to medinm-sized grain;

ectocolpi very narrow slit-like and

never openad at equator........ Tabermacmontana divaricata subltype
Exine thickness ca. 1 pm; medium- to large sized grain;

Sexing undulating psilate; ectocolpi narrow;

endocinguli narcow at aquator;

medinm- to large-sized grain....... Tabermaemontana bovina subtype
Soxing parforate; actocolpl widenoed;

endocinguli broad;

medium-sized grain........... Tabermacrmontana corymbosa subtype
(including: T corymbosa; T: pandacaqui)

4.3.19 Catharanthus roseus type (Type 19)

Follen class: J-zonocolporate

Polarity: Isopaolar

Dispersal unit: Monad

Polar field indeax: (0.28-)0.33(-0.36)

F/E ratia: (1.04-)1.12(-1.29)

Shape class; Prolate spheroidal to subprolate

Size class: Medium to large
P = (48.75-)50.69(-54.00) pm, E = (41.00-)45.57(-48.00)
pm

Polar outline: Triangular with more or less straight side

Equatorial outline: Elliptic to circular-elliptic

Apertura: Ectoapertures —  colpi narmmow or slit-like, slightly

shorter than polar axis, widened at the equator and
tapering towards the pole, margin distinet, parallel,
ends acute or obtuse, (1.50-)2.07(-3.00) > (34.00-
138 43(-42.00) pm; margo present, distinct, ca. '3 pm;
costa ectocolpi present. Endoapertures — pon,
lalongate  elliptic or oblong-elliptic, equatorial ends
diffused, indistinct or invisible, (8.00-)8.79(-10.00) >



Ornamentation:

Included taxa:

(5.00-)5.71(-7.00) pm; costa endoponri present at the
polar ends.

Tectate, exine thickness ca. 1 pm, sexine thicker or as
thick as nexine. Infratectal alveolate. Exine thickness at
mesocolpium anaven, thicker around the middle area of
mesocolpium, appearing like elliptic or circular ridge
around mesocolpial deprossion.

Parforata to microreticulate with distinctly psilate
margo and granulate to scabrate at the depression of
masocolpium (LM). Perforate with granule to fossulate
at the middle area of mesecolpium (SEM).

4.3.20 Alstonia curtisii type (Type 20)

Pollen class:
Polarity:

Duspersal wnit:
Polar field indax:
P/E ratio:

Shape class

Size class:

Polar outline;

Equatorial outline:

Exina:

Aperture;

Subfamily Rauvolficideas

Tribe Vinceae Catharanthus roseus (Plate 52 A-
F: Plate 85 A-D)

J-zonocolporate

Isopolar

Monad

(0.30-10.39(-0.48)

(0.83-)0.96(-1.05)

Suboblate to prolate spharoidal

Lange

P = (65.00-)68.00(-71.00) pm, E = (65 .00-)70.67(-78.00)

pm

Triangular with straight sides or slightly convex

Elliptic to circular-elliptic

Tectate, axine thickness uneven, 1.00-2.00 pm thick,

thicker at mesocolpia and around the aperture,
columella  inwisible. Nexine surface  around
ectoapertures uneven.

Ectoapertures — calpi elliptic, (5.32-)12.00(-15.00) =
(28.17-40.25(48.00) pym, broad or widened at the
equator and tapering towards the poles, ends acube;
margo  distinet, ©  (6/00-)7.00(-8.00)  pm _ thick.
Endoapariures — lalongate, pori circular to ablong-



39

elliptic, diffuse at equatorial ends, (8.00-19.50(-11.00) *
(5.00-)9.33(-13.00) pm; costa presenl.

Ornamentation: Perforate {(LM). Perforate; mesocolpia coarsely
perforate bo indistinct fossulate with perforations in the
fossulae, sometimes indistinct verrucate (SEM).

Included taxa: Subfamily Raovolficideas
Tribe Alstonicas Alstonia curtisii (Plate BS E-H)

Remarks:

Pollan grains of Alsfonis curtisi are more or less related to Catharanthes
roseus with their ridge-like around apertures but the former has relatively larger-
sized than the latter. The ornamentation of C ressus pollen grains is more perforate
than A curtisff The shape of pollen grains is prolate spheroidal to subprolate in
roseus while A. eurtisii has suboblate to prolate sphercidal shape and the polar
outline of the former is more straight-side triangular than the latter.

4.3.21 Alstonia rostrafa type (Type 21)

Pollen class: (2-13-zonocol porate

Polarity: Isopalar

Dispersal umnit; Monad

Polar field index: (0.35-)0.40(-0.45)

P/E ratio: (0 77-)0.88(-0.93)

Shape class: Suboblate to oblate spheroidal

Size class: Medium
P = (30.00-)35.10{-38.00) pm, E = {38.00-)39.80(-12.00)
pm

Polar outline: Circular to sub-triangular with convex sides

Equatorial outline:

Circular to circular-elliptic

Exine: Tectate, exine thicknesss about 1.00 pm, columella very
short, distinct.
Apertura: Ectoapertures — colpi narmow elliptic, slightly shorter

than polar axis, (4.50-)6.85(-11.00) > (23.00-)25.20(-
26.00) pm, broad or widened at the squator and
taparing towards the poles, ends obtuse; costa present.
Endoapertures, — lalongate, pori citcular with small
equatorial extension or horizontal horns, (G 00-)8.00(-



Ornamentation:

Included taxa:

Remarks:

A0

100007 =
distincl.

(B.00-)10.200-13.00) pm, costa presant,
Psilate to perforate (LM). Psilate to fnely perforate;
mesocolpium often perforate to sparsely fossulate,
sometimes sparsely vermucate (SEM).

Subfamily Rauvolfisideas

Tribe Alstonieae Alstonia rostrata (Flate 53 A-F:
Plate 85 1-1)

Pollen grains of Alstenfa rostrata type are cutstanding with their horizontal

horns of endopori together with finely psilate exine surface. There is no any other
endopori with small equaterial extension found in any species of this present study.

4.3.22 Kopsia angustipetala type (Type 22)

Pollen class:
Polarity:
Dispersal unit:
Polar field index:
P/E ratio:

Shape class:
Size class:

Polar outline:

Equatorial outline:

Exine:

Aperture:

(2-)3-zonocolporate

Isopolar

Monad

(0.19-)0.30(-0.43)

0.76-31.01(-1.41)

Suboblate to prolate

Large

P = [539.67-)701 1(-T7.50]) pm, E = (55.00-)70.77(-85.00)
Hm

Circular

Elliptic to circular-elliptic

Tectate, exine thickness rather thin, less than or ca.
1.00 pm. Sexine thicker than the nexine, infratectum
very thin.

Ectoapertures — colpi, narrow elliptic long strip-like,
equal to or slightly shorter than polar axis, (3.50-)8.84(-
16.00) € (53.00-)65.19(-80.50) pm, broad or widenad at
the equator and tapering towards the poles, ends acute,
sometimes obtuse; margo present. Endoapertures —
lalongate, diffused, ponn circular to circularelliptie,
(8.00-)15.15(-20.00) X (10.00-})15.87(-23.00) pm; costa
distinct, 3-6 pm thick.
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Ornamentation Perforate (LM). Perforate with perforations less than
1.00 pm (SEM]).

Included taxa: Subfamily Rauvolfioideas
Tribe Vinceas Kopsia angustipetala (Plate 54 A-

[; Plate 85 M-F), K panciflora
(Plate 54 E-F; Plate 55 A-C: Plate
BE A-D), K rosea (Plate 55 D-F;
Flate 86 B-G)

Remarks:

This pollen typs is related to Kopsis arbores type with long strip-like ectocolpi,
large-sized grain, very thin exine thickness and perforate ornamentation. Pollen
grains of K arborea type, however, maybe found incompleta apertures or
pantocolporate, ectocolpi sometimes united at the ends and sexine sometimes
perforate with small granules or flattened verrucae.

4.3.23 Alstonia macrophyila type (Type 23)

Pollen class: 3-4(-5)-zonocolporate

Polanity: Isopolar

Disparsal unit Monad

Polar field index: (0.27-)0.47(-0.76)

F/E ratio: (0.63-}0.87(-1.09)

Shapa class: Oblate to prolate spheroidal

Size class: Small to large
P = (18.15-)30.19(-44.00) pm, E = (22.00-)34 79(-53.00)
pm

Folar outline: Circular, triangular-circular, triangular or rectangular

with more or less straight or slightly convex or concave
sides: the middle area of mesocolpium somotimes with
slightly depression,

Equatorial outling: ' Elliptic to circular-alliptic

Aperture: Ectoapertures — colpi elliptic,. narrow or slit-like,
opened or widened at the equator and tapering towards
the pole, ends acute or ebtuse, (1.00-)3.74(-650) *
(8.92-)18.92(-28.00) pm; margo preseat,  mostly
distinct. Endoapertures — pori or colpi, lalongate,
elliptic or oblong-elliptic or circular-elliptic, equatorial
ends diffused or not, distinct or invisible, ( 1.00-) 5.11



Ornamentaton:

Included taxa:
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(-12.00) x (4.50-)9.99(-22.00) pm; costa endopori or

endocolpi present, distinct or indistinct.

Tectate, exine thickness ca. 1 pm, sometimes 2-4 pm,

sexine thicker, as thick as or thinner than nexine.

Infratectal granulate to alveolate or obscure. Exine

thickness maybhe upeven, thicker around the middle

area of mesocolpium. MNoxine somoetimes with immegular

endocrack.

Psilate to porforate (LM).  Psilate to

poerforate,

sometimes fossulate; mesocolpium wneven psilate,
perforate, lossulate or verrucate (SEM).

Tribe Alstonieas

Tribe Willughbeeae

Tribe Melodineas

Tribe Hunterisas

Tribe Flumericas

Tribe Carissease

Key to subtypes of pollen:

1.a
1.b
L. @

2.b

Subfamily Rauvolfiideas

Alstonia macrophyiia (Flate 59 C-
F: Plate 88 D-G), A scholaris
(Plate 60 A-C; Plate 88 H-K)
Bousigonia angustifolia (Plate 56
A-F: Flate BT A-E)

Mefodinus cochinchinensis (Plate
58 A-C: Plate 87 P-H)

Hunteria zeylanica (Flate 58 D-F;

Flate 88 A-C)

FPlumeria obtusa (Plate 57 A-F;
Plate 87 I-L), P. Rubra(Plate 87
M-P)

Carissa carandas(Plate 60 D-F;
Plate 61 A-B; Plate 88 L-0),C
grandifiora (Plate 62 A-F; Plate
B9 E-H), €. Spiparum (Plate 61 C-
F; Plate 89 A-D)

Grain 4{-5)-zonocolporate.............. Fousigonia angustifolia subtype

Grain 3{-4)-zonocolporate.....................4

2

Soxine psilate without perforation or fossula,

nol differ at mesecalpiim.....coo.co0..

v Plumeria obfusa sublype

(ncluding: Mumersa obtuzsa: P Rubra; Melodinws cochinehinansis)

Soxine perforate or psilate with more or less perforations or fossulas,
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mesocolpium more perforate, fossulable or VerTucale. .. ...ccoveevvimranrernnid
Ectoaperture broad elliptic, not tapering towards the polas,

ands obtuse. ... ffunteria seylanica subtype
Ectoapertura narrow alliptic or slit-like, tapering towards the poles,
ends acute orobEmSeis. 5 0 B A . Gl s s rese s el
Mesocolpium without depression at the middle area;

amb circular er circular-triangular or rectangular with

slightly convex sides.... ... ddistonfa macrophylfa subtype
(Including: Afstonia macrophyifa; A. schelans, Canssa carandas)
Mesocolpium with slightly depression at the middle area;

amb triangular with straight or

Slightly COMCAaVE SHAES. ... .ol .. o hieiesins cissins o rabies b cssarisnsnssismnnrnsmmranrarsd
Soxina vory fina psilate with sparsaly round porforations:

margin of ectocolpi regular....................... Carissa spinarom subtype
Sexine perforate with round or slit-like perforations; margin

of ectocolpi imregular or jagged.............. Carissa grandiffora subtype
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Table 4.1 Paollen morpholegical data of Apocynacoas in Thailand [Pol, = Polarity: | = Isepelar, 5= Sublsopalar, H = Heteropolar, A = Apolar; P.I. = Polar field index: F/E = P/E rati;
Shape class: per = peroblate, ob = oblate, ssp = subspkercidal, sob = suboblate, osp = oblate spheroidal, psp = prolate spheroidal, spr = subprolate, pr = prolate; PxE = Polar
grain size showing mean for polar axis (P} and squatorial dismeter (Ei: Size class: 5 = Small, M = Medium, L = large. XL = very large; Exine th. = Exine thickness; Size of ecto. =
Size of ectoaperture; Size of ende, = Siee of endoaperture; Ornamentabion: psi = psilate, per = parforate, (oy = foveolate, mret = microreticulats, fos = fuksulate, gra = granulates,
var = verrucate; tetrad: g = Diameters of the top of the grain; DUd. r = The length of the variations batween the three sides of polar triangle of sach tetrad; 2 = The double furrow of

colpi length)
Exine Slze of Size of Ormamentation
Follen PXE Shape Sire th. srio, ondo,
Speries bype  ApEriure Pel.  P.L FE fpm) class  class  (pm) {pum) {am} LM SEM
Bousigonis
& angustifolia 231 4(-S)lcolporate I 045 0.84-0,93 Jaxd44  sob-osp M 1-4 4x21 166 per per-fos
Willuglebeda
W, cariacea 132 3i-dicolporate I 0.64 007 80,94 26%31  sobwasp M 1 4x11 THS per peEr
W, edulis 131 J-colporate ! 0,66 . 720,85 25530 ob-sob M 1 A% 34 pet per
W. grandiffora 122 E<colporate 1 064 0.92-0.96 44247 5] 1 1117 1Ex12 per per
Catfaraethus
C. roseus 19 Fcolporate I 0.3 1.04-1.20 S1X46  pap-spr M 1 %10 o6 pa per
Kopsia
K sngustipetals 22 L.colporate 1 035 0.0 .0 Tty TINTS aag L 1 B 60 17515 par pet
K arboreae 16 A-A-colporate 5 .3z O~ 10000 59%E5  sob-pap L i 5x43 711 per per
K. pavcifora 22 Jecolporate | 022 0.76-1.10 f9%B0  sob-psp L | WRTT 1718 per T
K. rosea 2 [2:}3-colporate | 0.24 0.96-1.41 x50 OSp-pr L i G0 1114 per par
Bohrosia
O aggasitifodia 11 (2-13{-4)-colporates -5 Q32 0.79-0.8% 3640  sob-odp M-L 1 AX 35 5x8 fos perf-fios-vuir

kv



Table 4.1 {continued)
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Exime Shew of Slze of Drmamentation

Pollen PxE Shape  Slze th. eoto, endo.
Species typr  Aperture Pol. P.IL PE {pm) clags class {puem) (pm) {pm) LM SEM
Rauvelfla
R cambodiana 12 Icolporate I 0.45 040056 41x50 - perob L 135 412 4x11 P pi-per
R. sevpentina 12 Jcolporate I 0,35 0.32-0.63 ELE & parab L 0,535 11=17 Ax15 Pl pEl=pEr
R, sumatiana 12 3{-4)-calporate -5 .49 0.30-0.61 15XA1 per-ob M-L 0.5-5 2x8 X7 pi pET
R verticillata [ J-colporate 1 042 026056 AT per-ob L 1-3 12%11 10x11 psi pi-pisr
Alstonis
A, amgustifoba 14 2-colpornte 1 0.2 0, 7104 A% - sobpap 5-M 1-1.5 4x15 4% ] Pl
A, Curtisn 20 F-colporate 1 039 083-1.05 BEXT] solepip L 1-2 1Zx40 10x3 per per
A. macrophylia 234 A-colporate I3 0.65 0,73-0,0% et fri i obeosp S 0535 %14 THD = paiper
A, roserata il (2=} colporate i 0.40 0,770,493 A5x40  sob-pep M 1 TH25 B0 pskpar paipr
A schelaris 234 MH-Akcolporate i 040 b Bd-0. 84 b3 obesob EY 051 4x18 6x5 pei pEi-par
Tabernasmontana
I. bowvina 18-4 {3 H-colporate -5 0.53 D.BX-HT 4350 s0b ML 1 X137 311 Pl psbper
T. bufaiing 18:2  d-colporate I-5 0.5 0.81-1.03 3T sob-pap M 1 TH15 2-10 pET per
T, corvmbosa 185  {3-M-colporate -5 ~0.53 0.86-1.07 43%43  -osp-pip M 1 ax2d B-12 per per
T divaricetn 18:3  d-colporate 5 027 0.71-1.41 A5XTE ob-pr St .53 B2 415 Pl psi
T, paadacagu i85  (3}-colporate -5 .48 0.81-0.87 aTxAl sob-osp | 1 6215 313 T per
T. pawcifiors 181 (=4 )colparate -5 048 0. B1-0.98 4548 . sob-psp ML 1 THIT Fab i per
. peduncoians 181 A=colporate 15 .60 0.fe-110 43%45 | zob-pap M-L 1 TR 2ix8 et per -




Table 4.1 {continued)
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Exifie Sies of Size af Ornamentation
Pollen FXE Shape Slze th. ecto, endo,
Species type  Aperture Pol. F.l. F(E {pmi class class {pum e (i LM SEM
Melodinus
M. cambodiensi 17 (3. M-colporate 5 0.49 OLB0.1.04 PAX2T sobpsp  5M 1 3%13 %3 pief per
M. cochinchinensix  23-2  J-colporats 5 0.45 0. 780,60 IEX45 ob-sok M 1 4 %20 I1x3 Pl psi-per
M. orieatalis i Y-colporate = 1.53 ] ps-per
Husteria
. reylanica 2331 Ji4)colpomte 1 053 0.7-0.04 ABE3T  sob-psp | | 4x17 149 T per-fos
Allamanda
A. cathartica 15 Jcolporate 18 .38 0.88-1.24 S1M50 oEp-spr ML =1 4x43 12%6 pai pai
Cerdvera
O manghas 10 J-colporate | 0. 0.91-0.97 Lund 413 P L-XL 1-2.5 14x52 14x18 per por-fov
. edollam 19 I-colporate i L ) 0.84-1.20 67M65  sobapr L 1-1.5 445 6213 per per=fow
Plueneria
F. ppfuss 23-2 34 }-colporate I 5] 0. TE-0.95 22X26 wob-0%p S0 1 I 16 SN2 [+ 1] s
F. rudra 231 Foolporats | 0.31 0.79-0.89 25%19  sob-oap M i 320 X3 psi
Thevetia
T, perunviana L] Fcolporate 1 0,61 O.%1-0.582 45x 54 ob-oap M-l 2 5x25 1735 peEr-mret poerfov-mret
Mobe:

= M. epentalis wirahedral tetrads (tetragonsl Tetrads 5 % g =42 004 62005300 gmy 0= (55 DOSIET, 530-80,000) pm; d% (39,0047 321-55.00) jim, r = (25,33-127.94(-31.67) pm

aF



Table 4.1 {continued)
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Exine Sire of Slze of Ormamentation

Follen BEXE Shape Sire th. ecto, enda.
Species tpe  Aperture PFol, P.1. FE LTI class class {pm) {pmi {pmi LM SEM
Carissa
€. carmmdas 134 JAlcolporate 1 .60 0.79-0.85 42547 sob-osp M:L F 5x21 17%6 pai-per perver
. grandifiors 36 J-colporate i 049 0.81-0.97 I35 sob-nsp M 1.5-2 L] L bt pi pi-per-los
L0 SEnREru 235  3-colporate 1 0.50 0.95-1.09 A7X36 asfp-pap M ) 423 iy psi pai-per
Chilecarpus
. costatus i 2-porate 15 - 1.00-1.27 S0%45 s4p ML 1 - B-18 per per
O denudaius i (1-]2-porates -5 - 1.00-1.43 34=40 ‘ssp M 1.52 - 4-18 par par
Alyaia
A, redmiwaraty | Z-porate 5 - 1.2B-2.35 61%3b  barrel-like L 1.5-2 - 10-27 psi pabpaT
A sinmiensis I 2(-3-porate s . LIE-175 63843 barrel-like L 2-3 - 1248 per-mret per-foy
A rhatlandica | Z-porate 5 - 1.05-1.60 69%57  barrel-like L 0.8-1.6 - 1854 per per-fov
Adeninm
A abesim TG {3-H[-5]porate - 0.8%-1.00 ATHAD asp M 1 . -9 psi per
Nerfum
A olewnder T 4{-S-porate 1 - 0,800, %7 I3x3I8 sob-osp M I-2 g 1-6 Pl pai-per
Strophanthus
8 gratus 76 {3=H{-5)}-porate | - 0.77-0.9] =37 sobeosp M 1 . 36 et pil-per
5 prrakensis 76 [2-13-porate 5 - 0,80-0.92 13x38 wib-08p 1 - 6 pesl psi-per
5wk T-6 [2-130-4)-porate i - 0.68-0.97 iRk oh-asp M 1 - 16 ] psi-per

Ll
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Table 4.1 {continued)

Exine Slee of Slze al Ormamentation

Pollen PXE Shape Slee th. ecta, endo,
Spacies type  Aperture Pal. Pl PIE pm) claas class () {pum) (pm} LM SEM
Wrightia
. antidysenterncs 7-6 (3-H-porate 1 - 0.78-0.97 JMxIE . aob-oEp M i - 46 psi per
W arbores T-6 {3-M-parale | - 0.87-0.96 2a%31 sob-oap o | 1 - 348 per per
W denbiar T4 {3-H-porate ] - 0.870.98 I6X 19 ml:-ﬂt,r.l M 1 - 4-8 =L PSi=pur
W fawis T Ai-4)-porate 5 - . E6-0. 85 Iy sob-0ap M 1 . .5 per per
K. fanceolsts 16 4-porate 5 - [\ BB - ) Ix4T sab-0sp b i . 37 L] per
W pubescens 78 4(-5)-porate 1 072007 26 30 ob-oagp M 1 . -6 ot per-fos
W, religiass 76 4-porate 1 - 075057 e T sob-oap ™ 1 - 2 per per
W, sirikitae T2 [ 3-}-porate 1 . 0 B5-0 56 Al sobuasp L 1-1.5 . 510 psi pat-gra
W virdiforn -8 Al-5-porale 1 . 0.94-1 .06 J4X 35 asfi-pag M 1.5-2 . E et ]
HMHolarrhena
. eureien) Tl A[A-5)-porats 1 " 0.88-1.04 A0x T2 asp-pan M 1 3=7 psi psk-par
M. pubescens T4 H-4-5)-porate i - 0.82-0.91 29%33 spb-osp M 1 37 per psi-per
Kiburralia
K. arbores T3 {2-13-porate 5 . 0,770,897 49X 57 sob-osp L 2-3 . 115 psb pEl-par
K macrophyiia 7 (2-13-porate 15 ' 0.80-1.00 50%53 aap M1, 1-2 . 410 psi psi
& maingap 7-3 (2-13-porate 5 . 0.85-D.98 044 sob-usp M 12 - 26 psk per
Spirafoblum
& cambedinmem L] [3-}4(-5)-porate -5 - 0.6740.82 J5¥47 ab-sob M-l i-2 4 311 pEl pel-per
Aganonerion

A pelirnorphium T=4 A= eporate | : 0. TELEE 27X sob=osp Mal =1 1 X6 per piT=gra




Table 4.1 (continued)

49

Exing Shre of Slre of Omamentation

Pollen PXE Shape Slee th. ecto. endo.
Specles type  Aperture Pol. P.l. PjE {jpml class class {pm} {pm) { pum) L»1 S5EM
Aganosma
A margioata 75 A-A)-porate | - LBE-0.52 24 X236 sab-pap M <] - 2-4 psi pir-fos
Anodendron
A. alfine 3 11-12(-3)-porate 5-H - 0.58-0.83 2028 ab-4akh S-M 1 - x4 pesi pst
A, corsaceunr 2 2(-3)-porate 5H 0. 53088 ITHy ob-sok SM 1 . %3 pesi pai
A, pamiculaium i 2-porate 5-H - 850087 19526 oh-ank B-M 1 - 2m4 pEi psi
Beaumoniia
& grandiflora T2 4(-5pporate i 0.43-1.08 Sasd Vip-pep L = -1 - 3-8 per prr-gra
B. murtond 71 4l-5kporate I 070 1.0 fill 66 mb-pp L 1 - 4-11 2 pai-per
{chnocarpus
L polyanthus a 13-23-porate 1.00-1.52 33X 28 PEp-pr ™ =1 - 4 psi pi-per
I serpyilifolivs 3 12-1B-porate - 1.00-1.25 FMAL pEpepr ™ =] - 14 psi f]
Parmimeria
P polyaeurn 71 {2-13-porate I-5 0.77-0.56 2In2h sab-05 S-M | . 16 pst pei-per
Trachelosparmumn
T asfaticum 3 14-24-porate A - 102-1.32 4742 psp-spr M-L =] - 1-4 psi psi
T, luciahinr 1 10-18-porate A - 1.08-1.45 G2xh] PEERT L 1 - 1-7 psi pai-per
Lirceals
Lr fucida 71 J-porate -5 - 0.75-0.96 Fax20 sab-osp -] i . 24 psi pak-par
U, micraniha 7-1 J-porate 5 . 0.75-0.8% 14516 sob-osp 5 1 : 1-2 psi psi
L minutiflors 7-1 3-porate I-5 - @, 70,54 165049 sobeasp 5 1 - ] P pskper

ik
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Table 4.1 {continued]
Exine Sire of Sizenl  Omamentation
Pollen PXE Shape Slre th. roto, endo.
Specles type  Apertore Pal. P P/E (el class class {pm) {pmi {pm) L& SEM
Urcenls
i rosea 7=1 3-porate -5 - @.74-0.96 TAK2T obeasp M 1 - 1-5 pai pai-par
Vallaris
V. glabra T4 [ 3 M-porate I - 0.86=1.00 28x31 sob-osp M 1 . 2.5 P per-gra
V. solanacea 76 3-porate | - 0.83-1.00 4043 sob-nsp M 1-Z - 18 Pl per
Amalocalyy
A. microlobus & [ 3-}-d-porate I - 0LER0 53 45250 sob-osp ML <] . 21 psi pai
Parsonsia
P alboflavescens L] (3-M4{-5)-porate 5 - 0.76-1.08 4550 -0 M-L < 317 per per
Pentalinan
P lureum -6 [3-Mi-5)-porate I - 0.86-1.03 41=44 sab-oEp M ]l 4-8 b =

05
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Plate 1 SEM micrographs: A-B. Afxfa reinwardtii Blume (A) Equatorial view,
tubular shape, (B) Sexine surface psilate with perforation; C-F. Alyxia sfamensis
Cralb (C) Equatorial view with more or less oblique barrel-like shape, (D) Polar view
with cylindrical amb, (E) Porate aperture with very distinct annulus, outwardly
thickening of the exine, (F) Triporate pollen grain showing two aperturate side of the

grain.
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Plate 2 SEM micrographs: A-B. Afyada siamensis Craib (A) Sexine surface psilate
with perforation, (B) Sexine surface foveolate; C-F. A, thaffandica D.]. Middleton
(C) Equarorial view with barrel-like shape. (D) Equatorial view with more or less
oblique barrel shape, (E) Equatorial view showing porate aperture with very distinct
annulus, outwardly thickening of the exine, (F) Sexine surface psilate with

perforation.
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Plate 3 SEM micrographs: A-D. Anodendron affine (Hook. & Arn.) Druce (A)
Equatorial view, subisapalar, | B) Equatorial view, heteropaolar, (C) Porate elliptic with
annulus, (D) Tectate exine; E-F. 4. cordacenm (Blume) Miq. (E) Equatorial view,

subisopolar grain, (F) Bone-like shape with aperture colpi and equatoriales.
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Plate 4 SEM micrographs: A-B. Aredendron corfacenm (Blume) Mig. (A) Polar
view with elliptic amb, (B) Tectate exine; D-F, A. papfculativm A.DC. (C) Equatorial
view with aperture slightly colpi and equatoriales, (D) Equatorial view, isopolar, (E)-

(F) Equatorial view, bone-like shape.
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Plate 5 SEM micrographs: A-F. Anodendron panfcalatum ADC. (A) Equatorial
view, isopolar, (B) Equatorial view, subisopolar, (C) Porate with annulus, (D) Porate

slightly elliptic, (E) Porate circular, (F) Smooth psilate sexine surface.



56

Plate 6 SEM micrographs: A-F. Ichnocarpus polvanthus (Blume) P.1. Forst. (A)-
(B) Apolar, polypantoporate grain, (C) Smaooth psilate, (D) Psilate ‘with sparsely
granules, {E) Psilate with densely granules, (F) Psilate with densely very small

granules.



Plate 7 SEM micrographs: A-C. fehnocarpus serpyillifolivs (Sieb. & Zucc.) Nakai

(A)-|B) Apolar, polypantoporate grain, (C) Porate with very distinct annuli inside
nexine; D-F. Trachelospermom fucidom (D.Don) K. Schum. (D}HE) Apolar,

polypantoporate grain, (F) Inner nexine surface granulate.



Plate B SEM micrographs: A-C. Chifecarpus costatus Mig. (A) Porate with
nexinous verrucae usually slightly "exert at the pori, annulus very distinct, (B)
Equatonal view, diparate grain, (C) Perforate sexine surface; D-F. C. denudatus
Blume (D) Porate with nexinous verrucae usually slightly exert at the pori, annulus
very distinct, (E) Equatorial view with slightly unequal in size of pori, (F) Parforate

sexine suiface
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Plate 9 SEM micrographs: A-F. Spirelebivm cambodianum Baillon (A) Polar view
, [B) Equatorial view, (C) Porate with nexinous verrucae, annulus very distinct, (D)
Psilate sexine surface, (E)-(F) Inner nexine surface granulate to gemmate, exine

thickness very thin



Plate 10 SEM micrographs: A-C. Amalfecalr microlobus Pierre ex Spire (A) Polar

view, (B) Polar view, undulating psilate, imperforate sexine surface, (C) Equatorial
view; D-F. Parsonsia afboflavescens (Dennst.) Mabb, (D)-(E) Equatorial view, (F)

Psilate with perforations sexine surface.
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Plate 11 SEM micrographs: A-C. Urceela lucida (Wall. ex G.Don) Kurz (A)-(B)
Polar view, (C) Equatorial view, subisopolar; D. L. micrantha (Wall, ex G.Don) D.].
Middleton Folar view; E. . minutiffora (Flerre) D.J. Middleton Polar view; F. L7
rosead (Hook. & Arn.) D.]. Middleton Equatorial view,



Plate 12 SEM micrographs: A-F. Beaumonfia grandiffora Wall. (A) Polar view, (B)

Equatorial view showing pori with distinct annuli, (C) Psilate with perforations, (D}
Perforate, (E) Perforate with granules, (F) Tectate exine, sexine as thick as the

nexine, infratectum very thin



Plate 13 S5EM micrographs: A-C. Beaumontia murtonii Craib (A) Polar view

showing protrude annuli, (B) Equatarial view showing pori with distinet annuli, (C)
Tectate exine; D-F. Wrightia sirfkitae D.].Middleton & Santisuk (D) Equatorial

view, (E) Polar view, operculate pori, (F) Tectate exine, exine thickness very thin



Plate 14 SEM micrographs: A-D. Kibatalia arborea (Blume) G.Don (A) Obligque

polar view with slightly unequal-spaced pori, (B) Equatarial view with pori operculate,
(C) Equtorial view, porate with distinct annulus, (D) Tectate exine, inner nexine
surface sparsely granulate; E-F. K. macrophylla (Pierre ex Hua) Woodson (E)
Obligque polar view, porate very distinct annulus, (F) Inner nexine surface sparsely

varrucale
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Plate 15 SEM micrographs: A-C. Kibatalia maingayi (Hook.l.) Woodson (A)
Equatorial view showing porate with very distinct annulus, {(B) Equatorial view
showing pori with very distinct and protrude annuli, (C) Inner nexine surface sparsely
varrucate; D-F. Wrightia dubia (Sims) Spreng. (D) Polar view with unequal-spaced
pon, operculate pori, (E) Equatorial view showing porate with distinct annulus and
porate operculate, (F) Tectate exine, sexine thicker than the nexine, infratectum very

thin, inner nexine surface uneven, coarsely undulating psilate



Plate 16 SEM micrographs: A-F. Heofarrhena curtisii King & Gamble (A)
Equatorial view with slightly unequal in size of pori, (B) Equatorial wiew showing
porate with annulus, {C) Polar view, (D) Tectate exine, inner neéxine surface sparsely
granulate, (E) Sparsely granulate sexine surface, (F) Densely granulate sexine

surface.



Plate 17 SEM micrographs: A-F. Helarrhena pubescens Wall, ex G.Don (A) Polar

view' with irmegular circular amb, (B) Equatorial view, (C) Smooth psilate sexine
surface, (D) Psilate with sparsely granules, (E) Densely granulate exine surface, (F)
Tectate exine, sexine thicker than the nexine, inner nexine surface sparsely

granulate,
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Plate 18 SEM micrographs: A-F. Aganenerfon polymorphoam Plerre ex Spire (A)-
(B) Equatorial view, (C) Polar view, (D] Psilate sexine surface, (E) Granulate with
sparsely perforations, (F) Tectate exine, exine stratification abscure, inner nexine

surface granulate.
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Plate 19 SEM micrographs: A-D. Vallardis glabra (L.) 0. Kuntze (A) Equatorial view
showing very distiot annuli and operculate pori, (B) Olique polar view showing very
distict apnuli and operculate pori, (C) Perforate sexine surface, (D) Psilate with
sparsely granules; E-F. Wrightia pubescens R.Br. (E) Polar view with circular amb,
triporate grain, (E) Polar view with circular-elliptic amly, 4-porate grain.
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Plate 20 SEM micrographs: A-F. Wrightia pubescens R.Br. (A) Equatorial view
with slightly unequal in size of pori, (B) Oblique eguatorial view, (C) FPsilate with
perforations sexine surface, (D) Perforate, (E) Fossulate with perforations in the

fossulae, (F) Tectate exine, inner nexine surface sparsely granulate,
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Plate 21 SEM micrographs: A-F. Aganesma manginata (Roxb.) G.Don (A) Oblique
polar view, (B) Polar view with 4-porate aperture, annulus very distinct, (C)-(D3)

Equatorial view with very distinct annuli, {E) Smooth psilate sexine surface, (F)
Psilabe with perforations on the surface.
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Plate 22 SEM micrographs: A-D. Adenium obesum (Forsk.) Roem. & Schult. (A)
Slightly oblique polar view showing operculate pori, (B) Equatorial view showing
operculate pori, (C) Psilate with perforation on the surface of sexine, (D) Tectate
exine with granulate infratectum, inner nexine surface granulate around the pore; E-
F. Nerfum oleanderL. (E) Equatorial view with unegual-spaced and operculate pori,

(F) Equatorial view showing operculate pord, distinct annuli.



Plate 23 SEM micrographs: A-B. Nerfum oleanpderL. (A) Psilate with perforation on

the sexine surface, (B) Tectate exine, sexing thicker than/ the nexine, infratectum
granulate, inner nexine surface coarsely undulating foveolate with imregular rounded
depressions more than 1 pm in diameter; C-F. Strophanthus gratus (Wallich &
Hook.) Bail. (C) Polar view showing operculate pori, (D) Equatorial view, (E) Smooth
psilate sexine surface, (F) Tectate exine, exine stratification obscure, inner nexine

surface granulate.
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Plate 24 SEM micrographs: A-C. Strophanthus perakensis Scortechini ex King &
Gamble (A) Polar view, (B) Oblique’ egquatorial view showing very distinct annulus,
operculate pore, (C) Equatorial view; D-F. Wrightia antidysenterica (L) R. Br. (D)
Polar view showing operculate pori, (E) Equatorial view showing operculate pori, (F)

Equatorial view showing operculate pore with distinct annulus.



Plate 25 SEM micrographs: A-D. Wrightfa arborea (Dennst.) Mabb. (A) Polar view,

(B) Equatorial view showing strongly unequal in sixe of pori, operculate pori with
granulate surface, (C) Equatorial view, (D) Perforate sexine surface; E-F. W. laevis

Houok.I. (E) Polar view, (F) Equatorial view showing operculate pore,
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Plate 26 SEM micrographs: A-B. Wrightia. faevis Hook.f. (A) Psilate with
perforations on the sexine surface, (B) Tectate exine, sexine as thick as the nexinea,
infratectum very thin; C-F. W. lanceelata Kerr (C) Polar view showing operculate
pori, (D) Oblique equatorial view showing operculate pori, (E) Equatorial view

showing distinct annulus, (F) Psilate with perforations on the sexine surface.
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Plate 27 SEM micrographs: A-F. Wrightia religioisa Benth. ex Kurz (A) Polar view
showing operculate pori, (B) Equatorial view showing slighly unequal in size of pori,
distinct amnuli and operculate, {C) Obligue equatorial view, (D) Tectate exine, exine
stratification obscure, (E) Psilate with perforation on the sexine surface, (F) Perforate

sexine suriace,
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Plate 28 SEM micrographs: A-F. Vallaris selanacea (Roth) O. Kuntze (A) Oblique

equatorial view showing operculate pore, (B) Equatorial view showing annulus, (C)
Ohlique equatorial view showing operculate pore, (D) Tectate exineg, (E) Psilate with

sparsely perforation on the surface of sexine, (F) Perforate sexine surface;
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Plate 29 SEM micrographs: A-F. Pemtalinon [futewm (L) B.F. Hansen &
Wunderlin (A)-(B) Equatorial view, (C) Polar view with circular-elliptic amb, (D)
Tectate exine, sexing thicker than the nexine, infratectum granulate, (E) Smooth

psilate with sparsely perforation on the sexine surface, (F) Perforate sexine surface.
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Plate 30 SEM micrographs: A-F. Melodinus orientalis Blume (A)-(B) Tetrahedral
tatrad, (C)-{D) The lower side of tetrad showing 3 demicolpi, the furrow-like apertures

often in intermadial positions, (E) Dacussate tetrad, (F) Tetragonal tetrad
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Plate 31 SEM micregraphs: A-F. Thevetia peruviana (Pers.) K. Schum. (A)
Equatorial view, (B) Polar, view with obtuse-triangular amb, (C) Perforate sexine

surtace, (D)-(E) Microreticulate sexine surface, (F] Semitectate exine, sexine thinner

than the nexine



Plate 32 SEM micrographs: A-F. Cerbera manghas L. (A) Polar view, (B) Equatorial

view, (C) Perforate sexine surface, (D) Foveglate sexine surface, (E}-F) Semitectate

exine, sexine thicker than nexine.
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Plate 33 SEM micragraphs: A-F. Cerbera odollam Gaertner (A)-(B) Equatorial
view, (C) Polar view with obtuse-triangular amb, (D) Tectate exine, sexine thicker

than nexing, (E) Perforate sexine surface, (F) Foveolate sexine surface.
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Plate 34 SEM micrographs: A-F. Ochrosia eppesitifelia (Lam.) K. Schum. (A)
Folar view with hexa-angular amb with 3 bilobate-apertural sides alternate with 3
concave areas of the middle part of mesocolpium, (B) Polar view showing dicolporate
aperture, (C) Equatorial view showing depression at mesocolpium, (D) Egquatorial

view, (E) Fossulate sexine surface, (F) Verrucate sexine surface



Plate 35 SEM micrographs: A-C. Ramvelfia cambodiana Pierre ex Pitard (A)-(B)

Equatorial view, (C] Polar view with triangular, with slightly convex sides, and with,
more or less, 3 profruded-lobe besides the margins of each aperture; D-F. R.
serpentina (L.) Benth, ex Kurz (D) Polar view with triangular, with slightly straight
sides, and with, more or less, 3 protruded-lobe besides the margins of each
aperture,(E) Equatorial view, pumpkin-like shape, (F) Equatorial view, subsparoidal

shape.



Plate 36 SEM micrographs: A-F. Rawvelffa sumatrana Jack (A) Polar view with

triangular amb, (B) Polar view with circular-triangular amb, (C) Polar view with

rectangular amb, (D)<(E) Equatorial view, (F) Tectate exinge.
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Plate 37 SEM micrographs: A-F. Rawvelffa verticilfata (Lour.) Baillon (A) Polar
view with circular-triangular, with slightly convex sides, and with, more or less, 3
protruded-lobe besides the margins of each aparture, (B) Polar view with circular
amhb, protruded-lobe besides the margins of each aperture united end, (C) Equatorial
view, pumpkin-like shape, (D)-(E) exine thickness uneven, exine thinnest between the

area of two adjacent pair of ridge, (F) Tectate exine.
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Plate 38 SEM micrographs: A-D. Wilfughbefa edulfis Roxb. (A) Polar view, (B)
Equatorial view, (C) Perforate sexine surface, (D) Teclate exine: E-F. W. corfacea
Wall. (E) Polar view with circular-triangular with convex sides, (F) Polar view with

rectangular amb.
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Plate 39 SEM micrographs: A-F. Wilfughbefa corfacea Wall. (A)-(B) Equatorial
view showing very short ectocolpd, (C)-(D) Perforate sexine surface, (EMF)] Equatorial

view showing slightly short but narrow ectocolpi.
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Plate 40 5EM micragraphs: A-C. Willughbelia corfacea Wall. (A) Polar view
showing circular-triangular amb with concave sides, (B} Polar view with rectangular
amb with concave sides,(C) Tectate exine; D-F. W. grandiffora Dyer ex Hook.f. (D)
Tectate exine, (E) Polar view showing circular-triangular amb with slightly straight

sides, (F) Oblique equatorial view.
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Plate 41 SEM micrographs: A-F. W. grandiffora Dyer ex Hook.f. (A)-(B) Equatorial
view showing ecto- and endoaperiura slightly small and narrow, margin parallel, (C)-
(D) Equaterial view showing ecto- and endoaperture larger and widely opaned, nearly

congruent together, (E) Polar view with circular-triangular amb, (F) Tectate exine,
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Plate 42 5EM muicrographs: A-B. Alfstenia angustiloba Mig. (A) Polar view with
dicolporate aperture, (B) Equatorial view; C-F. AlMamanda cathartica L. (C) Polar
view, (D) Polar view with endoaperture at the ends of ectocolpi, (E)-(F) Equatorial

view with more than one -l.‘:I1LiL!I:'!F]1 srture within one ec Eul:[]ll!illl?. one at the L‘L]IJi.I.‘I.UI' and

the other at the ends of ectocolpi.
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Plate 43 5EM micrographs: A-F. Kopsia arborea Blume (A) Equatorial view
showing the close ends of two ectocolpi, (B) Eguatorial view, (C) Palar view with
tricolporate aperture, (D) Polar view with 4-colporate aperture, (E) Pantocolporate

grain, (F) Syn-ectocolpate grain.
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Plate 44 S5EM micrographs: A-F. Kepsfa arborea Blume (A) Psilate with
perforations on sexine surface, (B) Perforate, (C) Perforate with small granules, (D)-

(E) Perforate with small granules or flattened verrucae, (F) Tectate exine,



Plate 45 5EM miucrographs: A-F. Melodings cambodiensis Pierre ex Spire (A)

Polar view with tricolporate aperture, circular amb, (B) Polar view with 4-colporate
aperture, rectangular amb, (C) Folar view with irregular rectangular amb, (D)-(E)

Polar view with pseudocolpi, (F) Pantocolporate grain.
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Plate 46 SEM micrographs: A-F. Melodinus cambodiensis Plerre ex Spire (A)-(B)
Equatorial view, (C)-(D) Eguatorial view showing pseudocolpi, (E) Perforate sexine

surface, (F) Tectate exine, sexine as thick as nexine
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Plate 47 SEM micrographs: A-D. Tabernaemontana pauciffora Blume (A) Polar
view, (B) Equatorial view, (C) Perforate sexine surface, (DY) Tectate exine; E-F. T.

Peduncalaris Wall. (E) Slightly oblique polar view, (F) Equatorial view.
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Plate 48 SEM micrographs: A-F. Tabernaemontana bufalina Lour. (A)-(B) Polar
view, (C)-{D) Equatorial view, (E) Perforate sexine surface, (F) Tectate sexine, the

sexine as thick as the nexine.



29

Plate 49 SEM micrographs: A-B. Tabernaemontana divaricata (L.) R.Br. ex Roem
& Schult. (A) Equatorial view with prolate sphercidal shape, (B) Equatorial view with
prolate shape; C-F. T. bowina Lour. [C) Polar view, rectangular amb with straight

sides, (D) Polar view, tringular amb, (E}-(F) Equatorial view.
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Plate 50 SEM micrographs: A-F. Tabermaemontana corymbosa Wall (A)-(B)
Equatorial view, (C) Polar view with rectangular amb, (D) Perforate sexine surface,
(E) Endoaperture endacingulum (band-like continuous equatorial zone), very distinct

costa endocingulum, (F) Exine thickness of costa endocingulum.
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Plate 51 SEM micrographs: A-E. Tabernaemontana pandacagqui Poir. (A)-(B)
Equatorial view, (C) Polar view with rectangular amb, (D) Perforate sexine surface,

(E) Inner nexine surface granulate,



102

Plate 52 SEM micrographs: A-F. Catharanthos rosews (L) G.Don (A)-(B)
Equatorial view showing depression at mesocolpium, (C) Polar view showing
triangular amb with straight sides, (D) Tectate exine with the thinnest at ridge around

ectocolpi, (E)-(F) Perforate sexine surface
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Plate 53 SEM micrographs: A-F. Alstonia rostrata Fischer {A) Polar view with
tricolporate aperture, (B) Polar view with dicolporate aperture; {C)-(D) Equatorial
view with fossulate exine surface at mesocolpium, (E) Perforate sexine surface, (F)

Tectate exine, the sexine thicker than nexine
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Plate 534 SEM micrographs: A-D. Kepsfa angustipetala Kerr (A) Polar view, (B)
Equatorial view, (C] Perforate sexine surface, (D) Tectate exine, the sexine thicker

than nexine; E-F. K. pawciffora Hook f. (E)-(F) Equatorial view.
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Plate 55 SEM micrographs: A-C. Kepsia pawciflora Hook.LiA) Polar view, (B)
Foveolate sexine surface, (C) Tectate exine with very thin exine thickness; D-F, K.

rosea D.]. Middleton (D)-(E) Equatorial view, (F} Perforate sexine surface.
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Plate 56 SEM micrographs: A-F. Bousigonia amngustifolia Pierre ex Spire (A) Polar
wiew with d-colporate aperture, (B) Polar wiew with 3-colporate aperture, (C)-(D)

Egquatorial view, (E) Tectate exine, exine thickness unequal, (F) Tectate exine.
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Plate 57 SEM micrographs: A-F. Plumeria obtosa L. (A) Polar view showing
rectangular amb with straight sides, (B) Polar view showing triangular with slightly
convex sides, (C) Equatorial view showing widened ectoaperture at egquator, (D)
Equatorial view showing close ectoaperture at equator, (E) Equatorial view, (F)

Tectate exine.
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Plate 58 SEM micregraphs: A-C. Melodinus cochinchinensis (Lour.) Merr. [A)
Folar view with rectangular amb, (B) Equatorial view, (C) Tectate exine; D-F.
Hunteria reylianica (Retz.) Gardner ex Thwaites (D) Folar view, {E) Slightly

oblique equatorial view, (F) Perforate sexine surface,
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Plate 59 SEM micrographs: A-B. Hunteria zeylanica (Retz.) Gardner ex Thwaites
(A) Fossulate sexine surface, (B) Tectate exing; C-F, Alstonfa macrophylla Wall. ex
G.Don (C] Polar view, () Equatorial view showing fossulae at mesocolpium, (E)

Fossulate sexine surface at mesocolpium, (F) Tectate exine
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Plate 60 SEM micrographs: A-C. Alstonfa. schelaris (L.) R.Br. (A) Polar view
showing triangular amb with slightly straight sides, (B) Polar view showing
rectangular amb with slightly straight sides; D-F. Carfssa carandas L. (D) Polar

view, (E)-(F) Equatorial view.
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Plate 61 SEM micrographs: A-B. Carfssa carandas L. (A) Psilate with perforateion
on_the sexineg surface, (B) Tectate exine, the sexine thicker than nexine; C-F, .
spinarum L. (C)}(D) Equatorial view showing verrucae at mesocolpium, (E} Polar

view showing triangular amb with straight sides, (F) Verrucate sexine surface
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Plate 62 SEM micrographs: A-F. Carfssa grandiffora (E.Mev.) A.DC. (A) Polar view
showing triangular amb with straight sides, (B) Equataorial view showing depression
at mesocolpium, (C) Psilate with perforations on the sexine surface, (D) Fossulate
sexine surface, (E) Verrucate sexine surface at mesocolpim, (F) Tectate exine, the

saxine thicker than nexine
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Plate 63 LM micrographs: A, Afvxda reinwarditii Blume Equatorial view, optical
section; B-D. A. sfamensis Craib (B) Equatarial view, surface, (C) Equatorial view,
surface, (D) Equatorial view, optical section; E-F. 4. thailandica D.]J. Middleton (E)

Equatorial view, surface, (F) Equatorial view, surface, (G) Equatorial view, optical
seclion (scale 30 pm).
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Plate 64 LM micrographs: A-C. Anodendron affine (Hook. & Arn.) Druce (A)
Eguatorial view, optical section, {(B) Equatorial view at surface showing annulus, (C)
Equatorial view at optical section showing annulus; D-G. A. cerfaceum (Blume)
Miq. (D) Equatorial view, optical section, (E) Polar view optical section, (F)-(G)
Equatorial view, optical section; H-]. A. pamiculatum A.DC (H) Equatorial view,
optical section, (I) Polar view optical section ., (J) Equatorial view, surface (scale 5
pm).
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Plate 65 LM micrographs: A-B. Jehnocarpus polyanthus (Blume) P.1. Forst. (A)
Surface, (B) Optical section; C-E. L serpyffifolius (Blume) P.1. Forst. (C) Surface,
(D)-(E) Optical section; F-G. Trachelospermum asiaticum (Siebh. & Zucc.) Nakai
(F) Surface, (G) Optical section; H-1. T. Jucidum (D.Don) K. Schum. (H) Surface, (I}
Optical section (scale 10 pym).
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Plate 66 LM micrographs: A-E, Chifocarpus costatus Migq. (A)-(B) Equatorial view,
optical section (C)-(D) Surface at porate, (E) Equatorial view, optical section; F. C.
denudatus Blume Equatorial view, optical section (scale 30 pm).
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Plate 67 LM micrographs: A-E. Spirelobium cambodianum Baillon (A) Equatorial
view, optical section, (B) Equatorial view, surface, (C) Polar view, surface, (D)-(E)
Palar view, optical section (scale 30 pm).
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Plate 68 LM micrographs: A-C. Amalocalyx microlebus Pierre ex Spire (A)
Surface, (B) Equatorial view, optical section.C) Polar view, optical section; D.
Parsonsia albeflavescens (Dennst.) Mabb. Polar view, optical section (scale 30
pm).
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Plate 69 LM micrographs: A-C. Urceola lucida (Wall. ex G.Don) Kurz (A) Polar
view, optical section, (B) Equatorial view, optical section, (C) Equatorial view, surface
at porate; D-G. L minutiflora (Pierre) D.]J. Middleton (D) Polar view, surface, (E)
Polar view, optical section, (F) Equatorial view, surface at porate, (G) Equatorial view,
optical section; H-1. U, micrantha (Wall. ex G.Don) D.]. Middleton (H) Polar view,
optical section, (1) Equatorial view, surface at porate; |-K. [ rosea (Hook. & Arn.)
D.J. Middleton (]) Polar view, optical section, (K) Equatorial view, optical section

{scale 5 pm).
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Flate 70 LM micrographs: A-B, Beaumontia grandiffora Wall. (A) Polar view,
optical section, (B) Oblique equatorial view, surface; C-D. B. murtonii Craib (C)
Polar view, optical section, (D) Equatorial view, surface;: E-F. Wrightlia sirikitae
D.].Middleton & Santisuk (E) Polar view, optical section, (F) Oblique equatorial

view, surface (scale 30 pm).
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Plate 71 LM micrographs: A-C. Kibataffa arborea (Blume) G.Don (A) Polar view,
optical section, (B) Polar view, surface, (C) Equatorial view, optical section (scale 30
pm); D-E, K macrophyila (Pierre ex Hua) Woodson (D) Equatorial view, surface,
(E} Equatorial view, optical section (scale 10 ym); F-l. K. maingavi (Hook.f.)
Woodson (F) Polar view, surface, (G) Polar view, optical section, (H) Equatorial view,
optical section, (1) Equatorial view, surface at porate (scale 10 pm).
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Plate 72 LM micrographs: A-B. Aganenerion polymorphum Pierre ex Spire (A)
Equatorial view, surface, (B) Equatorial wiew, optical section (scale 5 pm); C.
Holarrhena curtisii King & Gamble Equatorial view, optical section (scale 10 pm);
D. . pubescens Wall. ex G.Don Equatorial view, optical section (scale 10 pm); E.
Wrightia dubfa (Sims) Spreng. Polar view, optical section (scale 10 pm); F-H.
Vallaris glabra (L.) O. Kuntze (F) Polar view, optical section, (G) Equatorial view,
optical section, (H) Equaterial view, surface (scale 10 pm).
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Plate 73 LM micrographs: A-B, Agarosma marginata (Roxb.) G.Don (A) Equatorial
view, optical section, (B) Oblique polar view, optical section; C-D. Wrightia pubescens

R.Br. (C) Polar view, optical section, (D) Equatorial view, optical section; E-G Adenium
abesum (Forsk.) Roem. & Schult. (E) Polar view, optical section, (F) Equatorial view,
surface, (G) Oblique equatorial view, optical section H-1. Nerfum eleander L. (H)
Equatorial view, surface at porate, (I} Polar view, optical section: |-L. Pentalinon
futewm (L) B.F. Hansen & Wunderlin (J)-(K) Polar wview, optical section, (L)
Equatorial view, surface at porate; M-O. Strophanthus gratus (Wallich & Hook.)
Bail. (M) Polar view, optical section; (M)} Equatorial wiew, surface at porate, (0)
Equatorial view, surface at porate; P, §, perakensis Scortechini ex King & Gamble

Polar view, optical section (scale 5 pum).
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Plate 74 LM micrographs: A-B. Strophanthus perakensis Scortechini ex King &
Gamble (A) Polar view, optical section, (B) Equatorial view, surface at porate; C-D.
Vallaris solanacea (Roth) 0. Kuntze (C) Poalar view, optical section, (D) Equatorial
view, surface at porate; E-F. Wrightia antidyvsenterica (L.) R. Br. (E) Polar view,
optical section, (F) Equatorial view, annulus section; G. W. arborea (Dennst.)
Mabb. Oblique polar view, optical section; H. W, faevis Hook.f. Polar view, optical
section; 1-]. W, fanceofata Kerr (1) Polar view, optical section, (J) Oblique equatorial
view, surface at porate; K-L. W. religipsa Benth. ex Kurz (K) Polar view, optical
section, (L) Equatorial view, optical section; M-P. W. virddiffora Kerr (M) Polar view,
optical section, (N)-(D) Equatorial view, optical section, (P) Equatorial view, surface

at porate (scale 5 pm).
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Plate 75 LM micrographs: A-F. Melodinus orientalis Blume (A) Surface, (B)
Optical section of tetrahedral tetrad, (C) Surface of the lower side of tetrahedral
tetrad , (D) Optical saction of tetragonal tetrads, (E) Surface of decussate tetrad, (F)
Oiptical section of decussate tetrad (scale 30 pm).



126

Plate 76 LM micrographs: A-E. Thevetia permniana (Pers.) K. Schum. (A) Polar
view, surface, (B) Polar view, optical section, (C) Eguatorial view, surface, (D)
Equatorial view, optical section, (E) Equatorial view, surface at colporate (scale 30
pm).
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Plate 77 LM micrographs: A-C. Cerbera manghas L. (A) Polar view, surface, (B)
Palar view, optical section, (C) Equatorial view, surface at colporate; D-F. €. odollam
Gaertner (D) Polar view, optical section, (E) Equatorial view, surface at calporate, (F)
Equatorial view, optical section at costa ectocolpi (scale 30 pm).



Plate 78 LM micrographs: A-D. Ochrosia eppositifolia (Lam.) K. Schum. (A) Polar
view, surface, (B) Polar view, optical section, (C) Oblique equatorial view, surface, (D)

Oblique equatorial view, optical section at costa ectocolpi (scale 10 pm).
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Plate 79 LM micrographs: A-C. Rauwvelfia cambeodiana Pierre ex Pitard (A) Polar
view, surface, (B) Polar view, optical section, {C) Equatorial view, optical section at
costa ectocolpi; D-F. R. serpentina (L.) Benth. ex Kurz (D) Polar view, surface, (E)
Polar view, optical section, (F) Obligue equatorial view, surface; G-H. R. sumatrana
Jack (Gl-(H) Polar view, optical section; I-K. K. verffciffata (Lour.) Baillon (1) Polar
view, surface, (J) Polar view, optical section, (K) Oblique equaterial view, optical

section at costa ectocolpi (scale 30 pm).
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Plate 80 LM micrographs: A-E. Willughbeia edulis Roxb. (A) Polar view, optical
saction, (B) Equatonial view, optical section, {C)-(D) Equatorial view, surface, (E)
Equatorial view, optical section at costa endopori, F-H. W, corfacea Wall. (F)
Equateorial view, optical section at costa endopori; (G) Equatorial view, optical section
at costa endoport, (H) Equatorial view, surface; 1-L. Wl grandiffora Dyer ex Hook.f.
(I} Equaterial view, surface, (J) Obligue polar view, optical section, (K) Oblique
equatorial view, optical section, (L) Oblique equatorial view, surface(scale 10 pm).
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Plate B1 LM micrographs: A-C. Alstonia angustifoba Miq. (A)-(B) Polar view,
optical / section, (C) Equatorial view, surfaca at colporate (scale 5 pm); D-1
Allamanda cathartica L. (D) Polar view, optical section, (E) Optical section at
colporate, (F)-(H) Equatorial view, surface at colporate, (1) Equatorial view, optical

section (scale 10 pm).
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Plate B2 LM micrographs: A-C, Kepsia arborea Blume (A)-(B) Polar view, surface,
(C) Equatorial view, surface at colporate (scale 30 pm); D:l. Melodinus
cambodiensis Pierre ex Spire (D) Polar view, surface, (E) Polar view, optical
section, (F) optical section surface at pseudocolpate. (G) optical section, optical
section at costa ectocolpi, (H)-(I) Equatorial view, optical section (scale 10 pm).
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Plate 83 LM micrographs: A-D. Tabermasmontana paucifiora Blume (A) Polar
view, optical section, (B)-(C) Equatorial view, surface, (D) Equaterial view, optical
section; E-H. T pedunculards Wall. (E) Polar view, optical section, (F)-(G)
Equatorial view, surface, (H) Equatorial view, optical section; I-N. T. bufafina Lour.
(I} Polar view, surface, (J) Polar view, optical section, (K)-(M) Equatorial view,

surface, (N) Equatorial view, optical section (scale 10 pm).



134

Plate 84 LM micrographs: A-D. Tabernasmantana divaricata (L.) R.Br. ex Roem
& Schult. (A) Polar view, optical section, (B)-{C} Equatorial view, optical section, (D)
Equatorial view, optical section at endocingulum; E-I. T. bovina Lour. (E] Polar view,
optical section, (F)-(G) Equatorial view, surface, (H) Equatorial view, optical section,
(1) Polar view, optical section; J-L. T. pandacagufPoir. (J) Polar view, optical section,
(K} Equatorial view, surface, (L) Equatorial view, optical section; M-P. T. corymbeosa
Wall. (M) Polar view, optical section, (N)-(0) Equatorial view, surface, (F) Equatorial

view, optical section (scale 10 pm).



Plate 85 LM micrographs: A-D. Catharanthus reseus (L.) G.Don (A) Polar view,

surface, (B) Polar view, optical section, {C) Equatorial view, surface, (D) Equatorial
view, optical section at costa ectocolpi (scale 10 pm); E-H. Alstonia curtisii King &
Gamble (E) polar view, surface, (F) Polar view, optical section, (G) Equatorial view,
surface, (H) Equatorial view, optical section costa ectocolpi (scale 30 pm); I-L. A.
rostrata Fischer, (1) Polar view, optical section, (J)-(K) Equatorial view, surface, (L)
Equatornial view, optical section (scale 10 pm); M-P. Kopsia angustipetala Kerr (M)-
(M) Polar view, surface, (O) Palar view, optical section, (F) Equatorial view, surface
{scale 30 pm).
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Plate 86 LM micrographs: A-D. Kepsifa pauciflora Hook 0. (A) Equatorial view,
surface, (B) Equatorial view, optical section, (C) Polar view, surface, (D) Polar view,
optical section(scale 30 pym); E-G. K. resea D.]. Middleton (E)-{F) Polar view, optical
section, (G) Equatorial view, surface (scale 30 pm}).



137

Plate 87 LM micrographs: A-E. Bousigonia angustifolia Pierre ex Spire (A) Polar
view, optical section, (B)-(D) Equatorial wview, surface; E-H. Melodinus
cochinchinensis (Lour.) Merr. (E) Equatorial view, optical section, (F) Polar view,
optical section, (G) Equatorial view, optical section at costa ectocolpi, (H) Equatorial
view, surface (scale 10 ym); I-L. Plumeria obtusa L. (I)-(]) Polar view, optical
section, (K) Equatorial view, surface, (L) Equatorial view, optical section al costa
ectocolpi; M-F. P. rubra L. (M) Polar view, optical section, (N) Equatonal view,
surface, (O) Equatorial view, optical section at costa ectocolpi, (P) Oblique polar view,

optical section. (scale 10 pm).
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Plate 88 LM micrographs: A-C. Hunterfa zevianica (Retz.) Gardner ex Thwaites
{(A) Polar view, surface, (B) Polar view, aptical section, (C) Equatorial view, surface; D-
G, Alstonfa macrophyila Wall. ex G.Don (D) Polar view, optical section , (E)-(F)
Equatorial view, surface, (G) Equatorial view, optical section; H-K. A. schelarfs (L.)
R.Br., (H)-(I) Polar view, optical section, (]} Equatorial view, optical section, (K)
Equatorial view, surface; L-0. Carissa carandas L. (L) Polar view, optical section,
(M) Equaterial view, surface, (N} Equatorial view, optical section at costa ectocolpi,
(O) Equatorial view, optical section. (scale 10 pm).
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Plate 89 LM micrographs: A-D. Carfssa spinarum L. (A) Polar view, optical section,
(B) Equatorial view, surface, (C) Equatorial view, optical section at costa ectocolpi,
(D) Equatorial view, optical section; E-H. €. grandiflora (E.Mey.) A.DC. (E) Polar
view, optical section, (G) Equatorial view, oplical section at costa ectocolpi, (F), (H)
Eguatorial view, surface (scale 5 pm).



CHAPTERV
DISCUSSION AND CONCLUSION
5.1 Pollen Morphology and pollen morphological trends

There is a considerable variation in the pollen morphology of the Thai
Apocynaceae in the present study. It 1s divided into 23 pollen types based on dispersal
unit, polarity, aperture, exine stratification, nmm&ntatinn,.sjza as well as shape of
pollen grains. The palynological data are used Lo suggest some possible
morphelogical trends as shown in table 5.1,

5.1.1 Dispersal Unit

In general, Thai apocynaceous plants shed their pollen grains as monad,
however, tatrahedral totrad (rarely decussata) is found in Melsdinigs erfentalis van
da Ven and van der Ham (2006) also reported tetrad condition in A orentalis, but
they found monad also cccurred in one specimens of M ogentalis. Unfortunately only
one specimen of AL erfaatalis could be collected in this study and no monad was found
in the pollen materials,

Monad clearly represents the basic angiosperm dispersal unit (Walker and
Doyle, 1975). Here, it is alse accepted that in the Apocynaceas, the tetrad is maore
advanced characters over monad condition, [t is accepted that the number of grains
per pollen dispersal unit has genetic and ecological consequences: the more grains
per pollen dispersal unit, the greater the probability that seeds in a fruit will have the
same male parent; the greater the amount of pollen adhering to the stigma, the
greater the male competition (Pacini and Hesse, 2002).

5.1.2 Polarity and symmeltry

Pollen grains of most genera of Thai Apocynaceae are isopolar with radial
symmaotry. However the subisopolar is found in Afywa Chifocarpus which results
from the different outline of poles in equatorial view. Although van der Ham (2001)
stated that the oriontation of the polar axis and equatenial axis in pollen grains of
Alyxia and Chilocarpus could not be determined, but a numbér of palynslogical
sludies have accepted the subisopolarity of them (Walker, 1976, Frederiksen et al,
1985, Nilsson et al, 2002)
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In Anodendron, its diaperturate grains show some degree of variation in
position of apertures. The majority of pollen grains have regularly distribution of
apertures on the equator, however, some grains show the slightly to distinctly oblique
position of aperture, e one apertura 1s on the equator but the another situate more
ar less near to the pole or both of them are in the different poles. Moreover, some
grains have irregular polar outline or irregular Amb, The combination of these
characters results in the isopelar, subisopolar to heterepolar pollen grains of
Anodendron.

The apolar condition is found in pantoporate pollen grains of
Trachefospermum and Jehnocagpus. These two genera also show asymmetrical pollen
grains caused by irmagularly distributed of their apartures.

According to the study of Walker and Doyle (1975), radiosymmetric isopolarity
(radial symmetry and isopolar grain) is proposed to be the common character of
angiosperm. It might evolve [rom the hilateral heteropolarity or the apolar
inaperturate paollen grain, respectively. Apolar pantoporate pellen grain found in
Apocynaceas, such asin fehsocarpius, may be secondary derivative of isopolar pollen.
And bi-radial pollan grains, as found in the genus Chifocarpus, may also evolve from
radial symmetrical, isopolar grains. Bi-radial grains may further change its shapa
from spheroidal to equatorially elongate, thus producing subisopolar, (secondarily)
bilataral grains as found in the genus Alyaga. From this point of view, it suggests that
in the Apocynaceas, radiosymmetric, isopolar grain might probably be the most
primitive character. In addition, bi-radial isopolar pollen grain is more advanced and
may evolva to bea hilateral, subisopolar pollen grain. Independently, apolar
polypanteporate grains have derived from the common radiesymmetric, isepolar
pollen grains.

5.1.3 Polar field index

The polar field index of pallen grains varies from small area (about 0.12) as in
Tabernasmontana divaricaca, to large (about 0.8) as in Willughbela sdufis.

5.1.4 Outline and shape
The polar outline ar Amb of pollen grains of most genera vary from circular to

triangular with more or less straight or slightly convex or concave sides, however,

rectangular outline is found in 4-aperturate grain of Melodinus cambodiensis and
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Tabernaemontana spp. Some laxon show a remarkable characters, ie. Ochrosia
oppositifolia, its pollen grains reveal hexa-angular with 3-bilobate apertural sides

alternate with 3-concave areas of the middle part of mesccolpium.

The circumference of most pollen grains in equatorial view wvaries from
circular to circular-elliptic with slightly protruding at the middle of ectoaperture as
found in Thevetia peruviana. Howover some certain genus, ie Afyada, shows its
distinctive polar cutling. [ts barrel-like or sausage-like ar ablong contour in equatorial
view with one convex side and one straight or concave side, which has never basn
found in any taxa in the family, gives the remarkable character for identification.

Within Anedendron, its equatorial outline shows some degres of variation. In
normal grains, they are circular, elliptic but a numbear of grains are irmegular in
outline ar has a bone-shapad grains, or elliptic with various degres of constriction at
the equatorial zone where their apertures are situated.

According to the P/E ratio, pollen of Thai Apocynaceae exhibits a remendous
shape from percblate to prolate (F/E =0.26-1.88). However, the majority of pollen
grains are suboblate to oblate-sphercidal (PF/E = 0.76-0.99) or prolate-spheroidal Lo
subprolate (F/E = 1.00-129).

Although, the peroblate grains are accounted both in the Afyaga and Ravvolfa,
the former is unique in its barrel-like as described above, and the latter is represent
by its pumpkin-like appearance. On the other hand, pollen grains of the Arodendron
affine type show its distinctive feature of prolate grains (P = 1.13-1 #8)

Globose-spherical or sphercidal pollen grains is accepted as an advanced
character state evolving from primitive boat-shaped pollen of primitive angiosperm.
Spheroidal to subspheroidal pollen grain may further develop into hoth oblate and
prolate grain (Walker, 1976). It is therefore proposed here that subspheroidal pollen
grains of Apocynaceae are pleisiomorphic character and may have evalved separately
inte prolate and oblate grains Peroblate grains have consequently evelved from
oblate grains and represent more advanced character within the family. Moreover,
thi barrel-like pollen grains make up a unique derived group evolving independently
from oblate pollen grain.

5.1.5 Size
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The size of pollan grains of Thai Apocynaceae ranges (rom small size (ca, 14
microns as in Ureeola micrantha) to very large size (ca. 106 microns as in Cenbera
manghas). However, most pollen have medium size grains. The pollen grains of
ganera, Kopsia, Rauvalffa, Huntersa, Carbera, Alyxia and Seaumontia, are relatively
larger than those of other taxom. Their ranges are from 45 to 100 microns of the

longest axis,

5.1.6 Apertures

Number of aperfure - The hasic number of aperture for Thai Apocynaceas is
three. However decreasing or increasing in number of aperture is often accounted in
many genera. The pollen grains of Ochrosia, Alyga, Chilecarpus Kitabalia,
Anodendron, as well as a number of species of Alstonfa, Kopsia and Strophanthus
reveal 2-aperturate pollen. Meneaperturate is sometimes found in some grains of
Chifocarpes denudatus and Anodendron affine. On the other hand, the pollen grains
of Beaumontia, some species of Tabernaemontana, Wiightia, Nerium oleander and
Bousigonia angustifolia represent 4(-5)-aperturate pollen grains, Triaperturate
grains have never heen found in these taxa. Moreover, the genera Trachelospermm
and fchnocarpus show the obvious high number of aperture of 10-24 and 12-23,
respectively.

Type of aperture - On one hand, the basic aperture type which is found in
almost all of genera in the subfamily Rauveifioidean is colporate. However the pollan
grains of the two genera, i.e. Alyaa and Chifocarpus, are the exception, as they are
found to be porate, On the other hand, porate is clearly remarkable character of the
whole subfamily Apocynoideaa.

In the colporate grain, most of the ectoaperture are typically narrow, slit-like,
long colpl. However, short, elliptic ectocolpi are found in Willughbeia. They may
become more rounded as circular-elliptic and nearly congruent with the

endoapertures, thus resulting, more or less like pororate grains.

Endoapertures are mostly lalongate elliptic with diffused aquatorial ends. The
ring-shaped endoaperture or endocingulum is uniquely found in pollen grains of
Taberpasmontana, In contrast, lolongate elliptic endoaperture is accountad in
Rauvalfia pollen, and sometimes it congruent with ectoaperture, thus colpate-like
condition seems to be appeared,
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The number of endoaperture is wsually one per one ectocolpi. However, the
diploporate grain {one ectocolpus with two or more endoaperiures) found to develop
in some pollen grains of the Alamands cathartica type. But the endoapertures is not
equally distributed, one situated at the equator as usual and the another at one of the
polar ends.

Position of aperture - The position of aperture is mostly equatorial
(zonoaperturata), however pantoporate are accounted in certain genera, i.e
fchnocarpus and Trachelospermum. |n Melodinus cambodianum, the pollen grains
are basically zonocolporate, but some grains are often marked with short colpi-like
features at both poles, which give the appearance of pantoaperturate-like grains. This
heteromorphism is alse found in the pollen grains of Centaurfum pulchellum
(Gentianaceas). It i possible that this atypical forms may not be caused by
irregularity at the meinsis, but rather in response to accommodate the volume change
of the pollen which induced by occupation of new habitats and/or by humidity
changes in the natural environment (Fire and Dematteis, 2007).

In ovolutionary context, apertural characteristics are of paramount
importance. Regarding apertural characters, tricolpata pollen is the main and basic
type found in most eudicots while other aperture types such as 5-colpate, 6-colpate,
porate, colporate and pororate are regarded as derived among the eudicots (Walker
and Doyle, 1975; Les, 1978; Furness and Rudall, 2004). Dajoz ef al. (1991) suggested
that pollen apertures are under strong selection pressure. An increase in pollen
apertura number offers a potential selective advantage becauso it increases the
number of prospective germination sites, thus facilitating contact between at least
one aperture and the stigmatic surface, and thereby potentially increasing the
fertilization rate. Such an increase occurred at the base of the eudicot clade, coupled
with an apparently fundamental shift in aperture position from polar to equatorial.

Therefore, it is proposed that Thai Apocynaceae typically are elongated and
alit-like tricalporate pollen and can occasionally be reduced to pores, and in some
cases the number can increase to four, five, gix, or more. Moreover, polypantoporate
pollen may be the most advanced grains in the family. However, one and two
apertures may be considerad to be an advanced character evolving from the common
m-aperturate grains independently (Thanikaimoni, 1986). In the same way, tha
complication of endoaparture may occur: one endoaperturate grains may develop

more Lthan one endoapertures within one actocolpi (Punt, 1967, Thanikaimeni, 1986).
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In addition, the equatorial extension of endoapertural area can also ocour: colporate

grains may evolve to colporate pollen with endocingulum (Thanikaimoni, 198G).

5.1.7 Exine stratification and ormamentation

The exine of Apocynaceas are tripartite, being subdivided into a tectum,
columella or infratectum and nexine. However, the stratification is usually ohscure,
especially under the light microscope.

Basically, the pollen grains of the Apocynaceae are tectate. The semitectate
condition is rarely found, as in the Thevetis paruwana type and the Cerbara manghas
type. Tectate pollen grains may be found as either tectate-imperforate (without any
holes in the lactum) or tectate-parforate (with small holes).

Almost all of the pollen grain of Apecynaceaa found in the present study seam
to be lack of columella or columella indistinet or very obscure. The infratectum is
then, often, thin andfor frmegular and alveclate. The inner nexine surface is
occasionally granulate, especially in the Afyaa refawardti type, the Chilocarpus
costatus type and the Adenium obesum type, and always appear as band-like of
gemmae in the Spiralabrom cambodiansm type.

Walker (1974) stated that a major evolutionary trend in angiosperm exine
structure appears to run from pollen which is tectate-imperforate to tectate-perforate
and semitectate pollen, and thence mora rarely to intectate pollen. Here it is accepted
this trend for the changing of tectate-imperforate to semitectate grain in
Apocynaceag.

Although it has been considered that Apocynaceaes pollen are rather
homogenous with a rather smooth surface (Erdtman, 1952), this present study show a
considerable vanation among the ornamentation of Apocynaceae, especially as seen
under the SEM. Observing with the light microscope, the majority of the pollen grains
aro psilate, except in the Ochrosia oppositifofia type, which has distinctly verrucate
ornamentation and microreticulate in the Thevelia perwviana type and the Cerbera
manmghas type. However, under the SEM, the details shown variable of supratectal
ornamentation on some péilate surface (under light microscope), io. perforate,
fossulats, foveolate, granulate and scahrate,
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Evolutionary trends in pollen wall architecture ofler greal potential as sources
of phylogenstic information of major importance (Walker and Doyle, 1975). With
respect to exine sculpturing types, primitive angiosperm pollen appears to have been
more or less psilate, while foveolate, fossulate, scabrate, verrucate and reticulate
sculpture are considered to be advanced characters. However, sculpturing itsalf
undoubtedly represents a more or less reversible character which must be
interpreted in terms of individual comrelations observed within any given taxa
(Walker, 1976),

Thus, the completely psilate seam to be the basic ornamentation of the family
and then derived independently into two separate lines. One line is a type of a
structural pattarn consisting of perforation in various degres of size and shape (i.a.
perforate, foveolate, microreticulate). The other consists of various kind of projection
on the tectum surface (e, scabrate, granulate and vermucata),

5.2 Taxonomic signilicance and some insights rom Apocynaceas phylogeny
on pollen morphological changes

In this section, the distribution of pollen types throughout the family is
comparad with the currently accepted classification, as well as with current ideas of
infrafamilial relationships from the previous cladistic analyses, Thus, congruence
between pollen types and infrafamilial delimitations of Endress and Bruyns (2000)
was discussed. An attempt was also mada to show the proposed pollen morphological
changes in relation to the phylogenetic relationships from a cladistic analysis of
Sennblad and Bremer (2002).

5.2.1 Pollen types wilth relation Lo infrafamilial delimilalions

The distribution of the pollen types, together with some floral characters of
Thai Apocynaceae in relation to the infrafamilial classification can be seen in Table
5.2 which the pallan types are numbared as in Chapter IV,

According to the classificaion of Endress and Bruyns (2000), within the
Apocynaceae s.str., the Rauvolfisideas are especially heterogeneous while in the
more specialized subfamily Apocynoideae, on the other hand, is much less
heterogeneous. These views correlate with palynological investigations of Thai
Apocynaceas in which the Rauvolfioideas have more diverse of pollen characters than

of the Apocynoideas. Moreover, the distnbutions of pollen morphology within the
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latter are more homogeneous with only five pollen types and six subtypes, while there
ara 18 pollen types with six subtypes recognized in the former.

Although the monophyly of subfamily Rauvolfioideae and Apocynoideas is not
supported by recent molecular phylogenies (Sennblad ef af, 1998; Sennblad and
Bremer, 2000; Potgieter and Albert, 2001; Senoblad and Bremer, 2002; Endress,
2004), both subfamilios morphologically are well separated (Endress and Bruyns,
20000, The sublamily Rauvolfivideae is morphologically distinct from Apocynoideae
with respect to the positions of anther and style head, and the asstivation of corolla
lobe. In Rauvolficideas, the anthers are [ree from style head and corolla-lobe
aestivation in bud typically everlaps to tha left (sinistrorse). The Apocynoideae, in
contrast, are characterized by having the anthers united with the style head and
corolla-lobe aestivation in bud overlapping to the right (dextrorse) or valvate
(Middleton, 1999; Endress and Bruynus, 2000). It is noteworthy that these very useful
key characters correlate well with palynolegical evidences from the present study as
well, The pollen types recognized from each subfamily never overlap to each other.
Thai Apocynacaae pollen grains are clearly divisible into two fundamentally different
types (each wilh its own denvatives): colporate pallen in Rauvelfioideas versus porate
pollen grains in Apocynoideae. Similar porate aperture, however, also occurs in
Rauvolfioideas such as those found in Chilecarpus costafus type (Type 4) and in
Alyxda reipwarddi type (Type 1), but Alyweas differs from Apocynoideae by its relative
large-sized grain, special barrelshaped pollen and pori with annulus outwardly
thickening of the axing.

In contrast to the palynological clear-cut distinction at the subfamilial level,
the intrasubfamilial level shows no specificity on palynoligecal characters except a few
cases, It seems that pollen morphological evidence is highly incongruent with the
delimitation of tribes or ganera within subfamilies. Some tribe/genera have more than
ona pollen type while some pollen types may be found in several different tribes,

gJenera or species,

At tribal leval, there is little correlation between pollen types and tribes of
Thai Apocynaceas. Whila most pollen types are not congruent with tribal
delimitations according to the classification of Endress and Bruyns (2000), only
Wrighticae is palynological homoegeneity as revealing of only one pollen type, the
Adenivm obestm type (Type 7). The homogeneity of Wrightieas also is rallectad by
some floral characters (Table 5.2). This tribe always has infundibuliform corolla or
salverform to subrotate flower with stamens exserted from the corolla tube, and
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connate stamens attached to style head. However, this Type 7 is not exclusive to the
Wrightieae, this pollen type can be found in every tribe of Apocynoideas,
Interestingly, there is the evidence of pollen type relative to floral characters of the
sublamily Apocynoideae. Regarding to Type 7, the plants usually have the same form
of corolla and stamens as found in Wiightieae with the exception of some genera (e.qg.
Holarrhena, Aganonerion, Aganssma, and Parameria) which have free stamens
separaled from style head With regard to Sprrafobivm cambodianum type (Type 5],
although it has infundibuliform. it differs from Type 7 by having free stamens instead
of connate stamens. In the same unique way of Aredendron affine type (Type 2), it
differs from Type 7 plants by having special floral character: villous inside coralla
tube, globular style head with apex sharp point, and salvarform corolla with
constricted at throat. The Jekaocarpus polyanthus type (Type 3) comprised of two
genera: fchnocarpusand Trachalospermum, has nnique floral character with globular
style head.

At generic level, there is highly correlation batween pollen types and genera
of Thai Apocynaceas. The pollen grains reveal some qualitative characters in
recognition the plants at this taxonomic level. The majority of genera are
characterized by one pollen type, with the exception of Alstonfs, Melodinns and
Kopsia, which have pollen of more than one palynological type (Table 5.2). This may
suggest that the Thai Apocynaceas genera have distinctive pollen morphological
characters that support their generic status. Although most pollen types circumscribe
genera of Rauvolficideas, the dlsfonfa macrephifla type (Type 23) is the one pollen
type circumscribing groups of genera (e.q. Afsfenia, BSousigeads, Mofodiougs,
Hunterta, Plumeria, and Carissa) in this subfamily.

AL the species level, all specimens investigated belonging to the same species
were characterized by the same pollen type. This indicates that no intraspecific
variation was ohserved in this study. Furthermore, there are as many as 10 species
that reveal some qualitative characters in recognition the Thai Apocynaceae plants at
species lovel, namely Typa 5, 8,9, 11, 14, 15, 16, 19, 20 and 21 (Table 5.2).

The results from this present study indicate that tribal delimitations proposad
by Endress and Bruyns (2000) were less congruent with the present palynolagical
morphology in details. This probably results from unstable tribal delimitations as they
noted that the tribes within Rauvolfisideas and Apocynoideae continue to ba refined
and additional studies need to be done in order to come up with satisfactory tribal
classification system in both subfamilics. Furthermore, in constructing a tribal
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classification for the Rauvolficideas, the tribal delimitation has almost always been
based only on fruit characters in stead of unmonotonously dissimilar lowers of them.
This kind of delimitation results to palynological heterogeneity within subfamily
because pollen characters probably more correlate with floral morphelogy than fruit

characters

Although there is less palynological congruent within Thai Apocynaceas, thoy
are clearly more similar to each other than to the rest of other families in the same
order, Gentianales (Nilsson , 1969; Verhoaven and Venter, 2001; Milsson af af., 2002;
Vinckier and Smets, 2002; Huysmans af al, 2003; D"Hondt af &/, 2004).

5.2.2 Some insighis from Apocynaceaes phylogeny on pollen
morphological changes

According to pollan morphological changes proposed in Table 5.1, the outline
representing the relationships of tham together with pollen types or group of pollen
types was made in Figure 5.1. The discussion was made in the sense of phylogeny
based on a consensus tree of Sennblad and Bramer (200:2).

Recent phylogenetic studies of Apocynaceas suggested that the
Rauvolfioideas had almost always been considered to be more ancestral, and the
Apocynoideas tha more denved subfamily (Sennblad ¢ &/, 1998; Sennblad and
Bremer, 2000; Potgieter and Albert, 2001; Sennblad and Bremer, 2002). This view
carrelates well with the palynological characters in this study. Regarding Figure 5.1,
the basalmost pollen types are more likely those with 3-4(-5)-colporate, monad,
subspheroidal, and psilate-perforate pollen grains. In addition, all of pollen types
belonging lo Apocynoldeas were considered to be more derived groups.

In regard to Rauvolficideae, threa pollen types, e.g. Alstonia curtisii type,
Astonia rostrata type and Alstonfa macroplylla type, ware palynologially considered
to he the ancestral of this subfamily. However, these pollen types belong to various
tribes: Willughbeeae, Alstonieaa, Melodineae, Hunterieae, Plumerieae and Carisseae,
and, with the exception of Willughbeeae, these tribes are not the basal groups
{Sennblad and Bremer, 2002). These three pollen types may, therefore,
palynologically be a common ancestral character of this subfamily.

In the case of semitectate pollen group, Thevelia peruviana type and Cerbera
manghas type, both pollen types support the close relationship between Thevelra and
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Corbora, which have been placed as a sister group within Plumerieas in the
cladogram of Sennblad and Bremer (2002). However, the origin of thesa pollen types
within subfamily is equivecal (Figure 5.1). Due to proposed evolutionary changes of
palynological characters in this study, this semitectate group may derive directly
from the tectate basal group, or it may derive through Catharanthus rosews type
belonging to Vinceae [n contrast, according to phylogenetic tree of Sennblad and
Bremer (2002), the former 15 the most plausible evolutionary trand of thess pollen
typas bacause such phylogenstic study gives no evidence of a closs relationship of

Plumerieae and Vinceas,

Regarding the most unique triba of Rauvolficideas, the occurrence of diparate
pollen in Alyxieas provides additional evidence supporting the monophyly of this
taxon as suggested by Van der Ham et al. (2001). In additien, it is proposed from this
study that biradial subisopalar pollen grains of Chifocarpus costatus type have given
rise to bilateral subisopolar pollen as found in Alyasa reinwardtii type (Table 5.1). This
view was supported by the cladistic analyses of Van der Ham ot al. (2001) and those
of Sannblad and Bremer (2002}, in which Chifecarpusis the basal of the tribe, and is a
the sister taxon to a clade made up of Afyes and other membars of this tribe. The
observation of Van der Ham et al. (2001) indicates that Chifecarpus is the nearest to
other Rauvolficideae showing subspheroidal, biradial subisopolar and medium-sized
pollen grains. Alyxia, makes up a derived group, characterized by large pollen grain
size and a remarkable bilateral subisopolar pollen.

There are several possible palynological trends proposed in this study
regarding to the origin of diporate pollen in Alyxieae (Figura 51). These diporate
types may evolve directly from the other basal colporate types. In addition, it probably
derived from colporate ancestor through very short ectocolpate Willughbeia coriacea
typa (Willughbeeas) or dicolporate Alstomia angustifoba type (Alstonieas). However,
recant phylogenetic study of Sennblad and Bremer (2002) gives no evidance of a close
relationships betwean Alyxieae and neither Willughbesae nor Alstonieae. Therefore,
it seems most likely that the pollen types of Alyxicae may have evolved independently
from basal colporate grains of Rauvolfisideas.

As mentioned above, Rauvolficideas is considered to be the “basal” subfamily
with eolporate pollen grains. This suggests that colporate may probably be
pleisiomorphic while porate aperture is apomorphic. Il this trend is correct, the
presence of unique porate grains found in the tribe Alyxieae is the most derived
character of Rauvolfioideae and probahly also is closely related to the porate grains of
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more derived subfamily Apocynoideas. Therefors, it seems maora likely that subfamily
Apocynoideae have evolved from Alyxieae. This hypothesis is consistent with previous
results of Sennblad and Bremer (2002) because such phyloegenetic studies give
evidence of a close relationship of Alyxieas and subfamily Apocynoideas. Howovar,
Alyxieae was placed in the same clade of their cladogram with Carissa to be sister
taxa. Therefore, it could be alternatively interpretad as support for the hypothesis of
Potgieter and Albart (2001) that Carfssa come out as the most advanced taxon of the
Rauvolficideas. If this tres is a good reflection of the actual relationships of both
tribes, then the similar porate pollan grains found in Alyxieas and subfamily
Apocynoideae are the results of parallel evolution within family Apecynaceae with a
common palynalogical background,

With respect to the subfamily Apocynoideas, all tribas (e.g. Wrightieas,
Malouetieae, Apocyneae and Echiteae) reveal the basal palynological characters: 3-
4(-5)-porate and subspheroidal pollen grains (Figure 5.1). Three pollen types (e.g.
Adenivm obesum type, Spirelobivm cambodianum typa and Amafocalyx microlobus
type) may, tharefore, palynologically be a common ancestral character of this
sublamily.

Regarding J[chmocarpus pofvanthes type belonging to Apocyneae, ils
polypantoporate pollen may evelve from many originsg (Figure 5.1). It probably
derives from several pollen types of Rauvolficideae: Alamanda cathartica type,
Melodinus cambodiansis type, or Kopsia arborea type. However, it seems most likely
that fehpmocarpus palyanthus type has evolved from basal porate Apocynoidean. This
view is consistent with the phylogenetic relationship presented by Sennblad and
Bremer (2002), in which thera is no evidence supporting the correlation between
Apocyneae and other tribes of subfamily Rauvolficideae. Therefore, it is hypothesized
that fohrocarpus pofyanthus type probably evolved in Apocyneas independently from
ralative taxa.

The presence of unique states of many pollen types not mentioned above
suggests that they probably evolved in each subfamily independently from relative
taxa.

Finally, in comparison of pollan morphology of traditional Apocynaceas with
those of Asclepiadaceas, the Apocynaceas and Asclepiadaceas have alveady been
cited as showing a trend analogous te that in the Orchidaceae from single grains to
tetrads and pollinia (Walker, 1976; Endress and Bruyns, 2000; Verhoeven and Venter,
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2001). However, in this study, tetrads pollen grains were found in Aefodings
arientalis type which belong to basal Apocynaceae and also never occurred in the
more derived subfamily, Apocynoideas. This suggests that tetrads may be
autoapomorphic to Mefodfnus. This view is supported by Sennblad and Bremer (2002)
and Van de Ven and Van der Ham (2006). Therefore, the tetrads of Mefodinus and
Poeriplocoideas of Asclepiadaceas s str. represent a remarkable case of convergent

avolution, or homoplasious in phylogenotic sonsa.

5.2.3 Implication of pollen morphology for the taxonomy of
Apocynaceae s.5ir. and Asclepiadaceas

Although there are many possible hypotheses of this family proposed by
taxonomists, new evidence from more detailed and extensive morpholagical studies,
as well as the rapidly growing of molecular information suggest that the Apocynaceas
s.str. and Asclepiadaceas should be grouped together into one family, Apocynaceae
sl. (Civeyrel et al, 1998; Sennblad af af, 1998; Judd et a/, 1999; Endress and Bruyns,
2000; Sennblad and Bremar, 2000; Potgietar and Albert, 2001; Sennblad and Bromer,
2002).

Palynologically, Thai Apocvnaceas is here considered to be a eurypalynous
family by having a great diversity of pollen morphalogy. This data, therefore, does not
support any possibilities of the circumscription of this family. However, pollen
maorphology of Thai Apocynaceas reveals some evidances suggesting for racognition
as one large family, Apocynaceae 5.1, by several reasons including: a gradation of
aperture character from the Apocynaceae to the Asclepiadaceae; a tendency in
morphological changes within family from monad to tetrad and pollinia; and the
similarity in exine stratification.

Morphologically, the Apocymaceae and Asclepiadaceae are clearly more
similar to each other than to the rest of the Gentianales (Endress and Bruyns, 2000;
Verhoeven and Venter, 2Z001). In this study, there is ‘a gradation from the
Apocynaceae to the Asclepiadaceas based on palynological data. There is a
phylogenetic line of development that is reflected in pollen structure. The
evolutionary tremnds that cam be fallowed are 3- or 4-colporate grains in
Rauvolfisideas, ‘which are more primitive than the 3- or 4-porate grains in
Apocynoideae. Asclepiadaceas, on the other hand, is characterized by varying of the
numhear of pores [rom 4- to G-porate as found in Periplocoideas, to inaperturate in

most genera of Secamonoideas and Asclepiadoideas (Verhoeven and Ventar, 2001).
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Thase palynological data of Asclepiadaceas could be regarded as more advanced than
Apocynoideae s.str. with 4 to 6 pore or inapeturate rather than 3 to 4 as found in
Rauvolfioideas and Apocynoideas.

The second reason for merging these two families is the tendency from monad
to tetrad pollen grains. In the Apocynaceas sstr., pollen grains are mostly monads
and free tetrads. Tetrad are not common in the subfamily Rauvolfioideas, occurring in
only five of the 84 genera. Further, they are found in three genera of Apocynoideas
(Milsson, 1986; Endress and Bruyns, 2000: Verhoeven np,d Venter, 2001: Van de Ven
and Van der Ham, 2006). Asclepiadaceae are charactenzed by having tetrads or
pollinia, which are shed onto translators (Verhoeven and Venter, 2001). Among
Asclepiadaceas the Periplocoideas are distinguished from other twe subfamilies by
the the presence of both free tetrad and pollinia, while Sacamonoideas and
Asclepiadoideas have pollan dispersing in pollinia (Endress and Bruyns, 2000;
Vorhosven and Venter, 2001). Due to the presence of free tetrads as found in
Apocynaceae s.str, as well as the presence of pollinia as found in the Secamonosideas
and Asclapiadoideans, these characters support a position for Periplocoidoas
intermediate betwean Apocynaceae s.sir., and the more advanced subfamilies of
Asclepiadaceae sstr, This argument is alse supported by independent studies of
morphology (Endress and Bruyns, 2000) as well as molecular phylogeny (Civeyrel e¢
&f, 1998: Sennblad er &/, 1998; Sennblad and Bremer, 2000; Potgieter and Albert,
2001; Sennblad and Bremer, 2002).

Furthermore, in this study, the exine of Apocynaceas pollen are tripartite,
being subdivided into a tectum, columella or infratectum, and nexine, The
infratectum is usually indistinct or granulate. This characteristic is similar to those of
the Asclepiadaceas pollen. They are characterized by having the exine consisting of a
tectum subtended by a granular layer (Verhoeven and Venter, 2001). This suggests a
close relationship between these subfamilies based on exine stratification.

Based on arguments above, palynological data from this study are congruent
with submerging Asclepiadaceae into Apocynaceae as cladistic analyses and
molecular studies suggested.

5.3 Conclusion

There is considerable variation in the pollen morphology of the Thai
Apocynaceas, which has been divided into 23 pollen types based on dispersal unit,
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polarity, apertures, exine structure on the details of ornamentation, size and shape of
pollen grains. Rauvolficideas are palynologically heterogeneous subfamily while
Apocynoideas, on the other hand, pollen characters are much more homogeneaily.

It seems that pollen morphological avidence is not highly congruent with the
current classification for delimitation of existing groups, but it does provide some
valuable information. With regard to the subdivision of Apocynaceas by Endross and
Bruyns (2000), we can conclude that the subfamily Rauvelficideae and Apocynoideae
can be well characterized by pollan t:hi;rm:tars, Furthermore, pollen data have proven
to be useful for evaluating somea generic delimitation within subfamily, Pollen types
circumscribe ganera or groups of genera, and some subtypes distinguish spacies. In
contrast, it seems to be difficult to differentiate between tribes or species of Thai
Apocynaceaa on the basis of palynological characters only. Palynological evidence
does not agree with the current tribal classification except in the case of the tribe
Wrightieae. This suggests that the tribes within Rauvolficideas and Apocynoideas
continue to be refined a more data are added.

When the pollen data were included onto the new molecular classification of
Sennblad and Bramer (2002), thers was little correlation batween pollen types and
the tribes especially within Rauvolficideae because the pollen types probably evolved
in this subfamily independently from relative taxa. However, on the basis of pollen
morphology there is evident supporting the view that subfamily Apocynoideae have

evalved from Rauvolfioideaa

In the context of identification, the Apocynaceae is rather eurypalynous
Family. Although its ornamentation has less diversity, more or less in psilate pattern
under the light microscope, but the aperture, shape and size is quite wseful for
identification. On the basis of pollen morphology, there is good evidence for the
fdentification of differant taxonomic ranks in Thai Apocynaceas, even at species level.
The most outstanding and unique pollen characteristics of the different taxonomic
ranks are summarized in Table 5.3.

The palynological data of Thai Apocynaceae support the wview that
Asclopiadacean is not distinct family and it should be considered as a part of
Apacynaceas with distinct characteristics.
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Table 5.1 Froposed of possible pollen morphological trends of Thai Apocynaceas

Dispersal Wnit

1. monad — letrad
Folarity
2. isopolar —— subisopolar f heteropolar
3. isopolar — apolar
Symmelry
4. radial symmetry —— hiradial symmelry — bilataral symmetry

5. radial symmetry — asymmetry

B, spheroidal —# oblate ——» peroblate (included barrel-like grain)
spheroidal — prolate

Aperture
B. increasing in number of aperturs
9. decreasing in number of aperture

10.  zonoaperturate —— pantoaperturate

11. lalongate endoaperture — endocingulum

12. one endoaperture ——s lwo or more endoaperture per 1 compound
aperturs

13, colporate with long ectocolpi ——# colporate with short ectocalpi /
porarate —— porate

Exine

14. tectate imperforate —— tectate perforate —— semitectate
Ornamentation

15. psilate —— poerforate / fossulate — foveolate —e

microreticulate
16 psilate —* scabrate f granulate / vermucate
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Table 5.2 Distribution of pollen types and some foral characters according to the classification of Endress and Bruyns (2000) (salver =
salverform; salver-con = salverform with constricted at throat; infun = infundibuliform; up = stamen inserted at upper half of tube; mid =
stamen inserted at middle of tube; low = stamen inserted at lower half of tube; close = stamens unattached but with a close association to the

style head )
Subfamily  Tribe Gonus Pollen type Corolla Stamen Stamens Relationship of
Torm position stamon and siyle head
Rauvolfioideas _Mnnmm_ Alstogia li.ﬂilﬂz salver mid frees separals
Vincoae Catharanthos 18 salver up free separate
Kopsia 16, 22 salvar up froe saparato
Cchrosia 11 salver ap frowe separate
. fiuw."ﬂl . 12 satver up fm‘_ X I:IT e
Willugkbeeas Bousigonia ; 23 salver mid Tres clase
Willnghbais 13 salvar law te nuid fig closm
Taberpasmontassns Tabernsanionlans 18 salver low te mid fraie SEpAFALS
Melodinsas Malodinus 7 5173 salvar mid frie close
Hunteraas Huntaris 23 salver up s close
Plumerieas Allamanda 15 infun mid to up fres waakly coberent
Corbora 1] salver mid to top connate separate
Flumeria 23 infun hase fros sopaiale
- - Thevads y | 9 infumn mid to ugp Cihtabe separate but apically across top of pistil
Carissase = Carfssa e 2 ﬂlwr____ - up l'rﬂ . g l:loﬂn or v
Alyxiaae Alvaa aalver up fl;l o ﬂn;a-
Chifocarpus 4 salver levw b emiel frea sEparats

a51
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Table 5.2 (cont ausd)

Subfamily Tribe Gienus Follen type Coralla Stamen Stamens Relationship of
farm position stamen apd style head
Apocynoideas Wrightisas Adenium" i infun ot makd connale admate
Neriua™ T infun mid comnake mclnate
Smjiﬂ.ﬁusm T infum up connate acnate
l'lr]rl';r,l'll:rl'"r 7 subirolals axsartd coRaaLE adnate
Malouetioas Molarrsens " v salvar bass fram SERrnLE
Kibatalia - 7 salver exsartad connabe adnate
Epirodobivm 5 iafun o from separate or weakly adnate
ApOCynELE Aganoaerfon W salver bhasa free adnate
Aganosme 7 salver-con mid to ap connate mdnate
Anodeadron’ 2 salvar.con basa conpate adnate
Boaumontia" 7 infun low but axsarted connate nnate
fc.b.um.l.rpw"' 3 salvar-con low tis mied Just attached adnats
Motes:

(1) lemg and bristle staman appandages, 1.5 em acuman

(2] lomg and twisted pubescant stamen appandage, 7-9 cm

13} lomg staman appendags, exserted from corolls tube

4] except: W dubis with corolla infundibuliforn and stanen completaly in corolls tube; corolls salverfornyin W asbidvsestericrand W sinkiras
15) mucronate NPl SUa e

6] large bulbous swelling appandage behind anther

{7} willous inside corolln tube, globular style head with apax sharp point

{8} flower showy

%) glebular or cup-shaped style head

L51
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Subfamily Tribe Genus PFallen type Caoralla Stamen Stamens Relationship of
form pasition stamon and style head
Apocypoidean  Apocyoens Parameria b salver bass fras adnate
ﬂ'ﬂﬂe}mpi.m-um”m b salvar W, axsarted o not connate adnate
Urceala"" 7 infan hass connata adnate
e L AL, s g N et 0 comas 0 adui
Echiteas Amalocalyy L] \mfan mid Juat artachad adnate
Parsonsia L] salver axsartned conBata adpats
Pantalinon ) infan mfd CONBALE aduate
MHobes:
(10] globular style head

(11) minate Tower
(12} large bulbous swelling appesdage behind anther

BS1
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Figure 5.1 The outline representing the relationships of pollen morphological changes of pollen morphology together with pollen types or group of pollen types of

Thal Apocynaceas. Solid lines represent the most likely pathway for pollen morphological changes, Dashed lines represent alternative pathway for pollen

morphological changes. The numbers at the lines represent pollen morphological trends proposed in Table 5.1. Roman numaerals are pollen types as discussed in text
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Table 5.3 The outstanding pollan characteristics of the different taxonomic ranks

Taxonomic rank

Distinguishing characters

Subfamily
Rauvolfioideas colporate pollen, except for Alyxieas with porato
Apocynoideas porate pollen grains
Triba
Alyxieas diporate, relatively large pori with annulus
outwardly thickening of the exine
Genus
Wilfughbeia tricolporate, with very short ectocolpi
Rauvoliia tricelporate or tricolpate, endoaperture
indistinet or invisible, peroblate, pumpkin-like
pollan
Tabernaemontana endoaparture endocingulum, or equatarial
diffused ends with very distinct and equatoriales
costa endopori or endocinguli
Alvxia diporate, with very large pori, perchlate, barrel
shaped pollen
Anodendron diporate or dicolpate, small-sized grains,
subprolate to prolate, more or less bone-like
pollen
Ichaocarpus polypantoporate with spheroidal pollen shape,
psilate to more or less granulate ornamentation
Trachelospermm polypantoporate with slightly irregular
subspheroidal pollen shape, psilate
ormamentation
Species
Catharanthus roseus Perforate to microreticulate with distinctly
psilate at margo of actocolpi, and granulate to
scabrate at the depression of mesocolpium
Ochrosta oppositifolia fossulate, verTucate or perforate ornamentation
Alstonfa angustilaba dicolporate pollen
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APPENDIX A
ALISTOFVOUCHER SPECIMENS

Specimens are listad alphabetically at species level; abbreviations of herbaria

from where specimens were retrieved for pollen collection are in the parentheses.

Adeniunt ebesum (Forsk ) Roem. & Schult. — cultivated in Chulalongkorn University,
Bangkok, H.Eilttha Q605 (BCLU).

Aganonerion polymorphum Pierre ex Spire — Phu Pan National Park, Sakon Nakorn,
H.Sittha 05-14 (BCU); Phu Pan National Park, Sakon Nakorn, H.Sittha 05-16
(BCU); Sarabuni, H.Sittha 06-03 (BCU).

Alfamanda cathartica L. — cultivated in Chulalongkorn University, Bangkok, H.Sittha
06-25 (BCU).

Aganosma marginata (Roxb ) G.Don — Gow Seng Hill, Songkla, | F Maxwell 85-3181
(PSU); Klong Hoy Kong, Songkla, ].F.Maxwell 85-937, (PSU); Kao Yai National
Park, HWakorn HNayok, H.S5ittha 05-07 (BCU); Tad Ton MHational Park,
Chaiyaphum, H Sittha 06-10 (BCU).

Alstonia angustifaba Mig. — Chat Warin Waterfall, Narathiwat, C.Niyomdham 4113
(BKF).

Alstonia curtisii King & Gamble — Tham Sue, Krabi, R. Fooma ot al. 3607 (BKF).

Alstonia macrophyifa Wall. ex G.Don — Ko Hong Hill, Songkla, J.F.Maxwell 85-894
(PSU); H&C s.n. (PSU); Kao Kohong, Sengkla, C.Hamilton & G.Congdon 82
(BCL).

Alstonia rostrata Fischer — Khao Ko Hong, Songkla, H&C 82 (PSU); P.Sirirugsa 457
(PSUI).

Alstonia schofaris (L) B.Br. — Thung Salaeng Luang Mational Park, Phitsanulok,
G.Murata et al 38494 (BKF); cultivated in Chulalongkorn University,
Bangkok, H.Sittha 06-08 (BCU).

Alyada reinwardtf Blume — Prince of Sonkhla University, Haad Yai Campus, Songkla,
Choathip 80 (PSU); Groong Ching Falls, Hakorn Si Thammarat, |.F. Maxwell
B6-565 (P5U); Khoa Man National Park, Nakorn 5i Thammarat, H. Sittha 06-09
(BCU).

Alyxia siamensis Craib — Khan Man Mational Park, Hakorn Si Thammarat, H.Sittha
0G-49 (BCUY.

Alyxia thaifandica D . Middleton — Khao Yai National Park, Nakorn Nayok, H.Sittha
0G-07 (BCU).
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Amalocalyxy micrefebus Pierre ex Spire — Mae Rim, Chiang Mai, H Sittha 05-12
(BCU).

Anedendron affine (Hook. & Arn.) Druce — Sumoto city, Honshu, Japan, N.Fukuoka &
N.Kurosaki 1599 (BKF).

Anodendron corfacesm (Blume] Migq. — EKhao Luang Mational Park, Hakorn Si
Thammarat, Flernchit 4 16 (BKF).

Anodendron paniculatum ADC. — Khao Yai National Park, Nakhon Nayok,
A Boonkongchart 66 (BKF); ] F.Maxwell 86-233 (PSU).

Beaunmontia grandiffora Wall. — Makkasan, Bangkok, H.Sittha 06-01 (BCU),

Beaumontia murtonii Craib — Smitinand 1172 (BKF).

Bousigonia angustifolia Pierre ex Spire — Dol Phuka National Park, Nan, T.Santisuk
6925, (BKF).

Carissa carandas L. — Pak Nam, Samutprakan, Choomsai Sombangse 19 (BCU).

Carissa grandifora (E.Mey.) A.DC. — cultivated at Ko Hong Post Office, Songkla,
Song See 46 (PSU).

Cartssa spinarum L. — Lam Marai, Loburi, 5.Suddes 45 (BCU); Klong Hoy Kong,
Songkla, J.F Maxwell 86-388 (P5U).

Catharanthus roseus (L) G. Don — cultivated in Chulalongkorn University, Bangkaok,
H.Sittha 05-26 (BCLI).

Carbera manghas L. — Ban Bang Chak, Makern 51 Thammarat, M. Mekanawakul 80-
20 (PSU); Sridith K. 835 (PSU); Fathiew, Chumphon, Herb. Trip 819 (BCU).

Cerbera odollam Gaertner — cultivated in Chulalongkorn University, Bangkok,
H.Sittha
05-22 (BCU).

Chilocarpus costatus Miq. — Su-ngal Padi, Narathiwat, |.F Maxwell 87-504 (PSU).

Chitocarprs denvdatus Blume — Khao Sok, Surat Thani, K.Larsen et al. 40840 (PSU).

Holarrhena curtisii King & Gamhble — Phu Pan National Park, Sakon Nakorn, H.Sittha
05-17 (BCU); Malacea Creek, G.Congdon 503 (PSU).

Holarrhena pubescens Wall. ex G.Don — Khao Yai Mational Park, Nakorn MNayok,
H.Sittha 05-05 (BCU); Saraburi, KKS 078 (BCU).

flunteria zeylanica (Retz ) Gardner ax Thwaites — Sai Rung Falls, Trang, ].F. Maxwell
B7-415 (PSU)

fchaocarpus pofyanthus (Blume) P.I. Forst. — Tunkamang, Chaivaphum, R Geesink et
al. 7162 (BKF); Pa Hin Ngam MNational Park, Chaiyaphum, H.Sittha 0611
{BCU).

fochnocarpous serpyillifolivs (Bluma) P.1, Forst, — Khao Chong Mational Park, Trang, SP
195 (BEF).
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Kibatafia arborea (Blume) G.Don — Khao Luang National Park, MNakorn S5i
Thammarat, Sanan 1054 (BKF).

Kibatalia macrophylla (Pierre ex Hua) Woodson — Doi Chiang Dao, Chiang Mai,
1. F.Maxwaell 89-575 (BKF).

Kibatalia maingayi (Hook ) Woodson — Botanical Gardens, Singapore, Nur SF 35849
(BKF).

Kopsia angustipetala Kerr — Nasaithong, Lacs, Th. Wengprasert s.n. (BKF).

Kopsia arborea Blume — cultivated in EKasetsart University, Bangkok, H.Sittha 05-13
(BCL).

Kopsia pauciflora Hook.£., Ba-cho — Narathiwat, SP B (BKF).

Kopsia rosea DJ. Middleton — Ao Duck, Erabi, T.Smitinand & E.C_Abhe 6577 (BKF).

Melodinus cambodiensis Piarme ex Spire — Khao Yai Mational Park, Makorn Nayok,
H_Sittha 05-06 (BCU).

Melodinus cochinchinansis (Lour.) Merr. — Nam MNao Mational Park, Phetchaboon,
5.Nilphanit 12 (BKF), Surat Thani, C. Phengklai ot al. 3882 (PSU).

Maelodinus orientalis Bluma — Khao Luang Wational Park, Nakorn Si Thammarat,
TDBS 12098 (BKF).

Nerfum oleander . — cultivated in Chulalongkorn University, Bangkok, H.Sittha 05-
20 (BCU).

Ochliresia oppostiifolia (Lam.) K. Schum. — Khao Yai Naticnal Park, Nakorn Nayok,
H.Sittha 06-48 (BCU).

Parameria polyneura Hook.f. — Bangbao, Trad, T.Smitinand 3805 (BKF).

Parsonsia alboflavescens (Dennst.) Mabb. — R.Geesink & T.Santisuk 5257 (BKF);
Tepa, Songkla, | F Maxwell 85-418 (PSU).

FPentalinon futeam (L) B.F. Hansen & Wunderlin — cultivated in Chulalongkorn
University, Bangkok, H.Sittha 05-27 (BCU).

Plumeria obtusa L. — cultivated in Chulalongkorn University, Bangkok, H_Sittha 05-

28 (BCU).

Flaomeria rubra L. — cultivated in Chulalongkorn University, Bangkolk, H.Sittha 05-29
(BCLI).

Rauvalffa cambodiana Pierre ex Pitard — Nam MNao National Park, Phetchabun, Snong
20 (BKF).

Rauwvelffia serpantina (L.) Bonth. ex Kurz — Khao Soidao, Chantaburi, FD 246 (BKF).

Rawvolfis sumatrana Jack — Bangkhew, Bangkek, T Smitinand s.n. (BEKF).

Rauvalffa verficilfata (Lour.) Baillon — Phu Kradung, Loei, Dea 705 (BEF).

Spirolobinm cambodianum Baillon — Prince of Songkhla University, Songkla, K5-24
(PSLI); Kuan Kah Long, Satun, |.F. Maxwell 84-77 (PSU).
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Strophanthus gratus (Wallich & Hook.) Bail. — cultivated at Muang, Chonburi,
H.Sittha 05-24 (BCLU).

Strophanthus perakensis Scortechini ex King & Gamble — Bang Flad, Dhonburi,
T.Smitinand 5561 (BKF).

Strophanthus waflichif A.DC. — Ehao Chong, Trang, SP 88 (BKF); Tarutao National
Park, Satun, |.F.Mawell 87-395 (PSU); Adang Island, Satun, Congdon 1220
(BSL).

Tabernaemontana bovina Lour. — Doi Tung, Chiang Rai, T.Smitinand s.n. (BKF).

Tabernasmontana bufaliga Lour. — Kood [sland, Trad, C.Leeratiwong 2002-73 (FSU).

Tabernaemontana corymbosa Wall. — Phu Wua Wildlife Sanctuary, R.Pooma 1594
(BKF).

Tabhsrnsemontana divaricata (L.) R Br. ex Roem & Schult. — Muang, Saraburi, Dee 97
(BKF).

Tabsrnasmontana pandacagui Poir, — cultivated at Nataree district, Songkla, Pradit
11 {PSLU).

Tabsrnasmontana pavciffora Bluma — Khao Soidao, Chiang Mai, T.Santisuk s.n.
{BKF).

Tabsrnasmontana paduencularis Wall. — Khao Chong, Trang, 5.D. ot al. 1564 (BEF).

Thevetia peruviana (Pers.) K. Schum. — caltivated in Chulalongkorn University,
Bangkok, H.Sittha 05-30 (BCU).

Trachelospermum astaticum (Sieb. & Zucc.) Hakai — Khao Yai National Park, Nakhon
Mayok, A Boonkongchart 62 (BEF).

Trachelospermum Jucidum (D.Don) K. Schum. — Saingahmpang, Chiang Mai,
].E.Maxwell 96-540 (BKF).

Ureeola fucida (Wall. ex G.Don) Kurz — Ko Hong Hill, Sengkla, P.Sirirugsa 771 (PSU);
Sichon, Nakorn Si Thammarat, ] F. Maxwaell B7-215 (FSU).

Ureeola micrantha (Wall. ex G.Don) DJ. Middleton — Kampor, Cambodia,
T.Smitinand 6528 (BKF).

Urceafa minntiffora (Fierre) D). Middleton — Non Sang, Udon Thani, E.Bunchuai
1638 (BKF).

liresola rosea (Hook. & Arn)) [V ]. Middleton — Ton Hga Chang Wildlife Sanctuary,
Em.:gir]a. C.Learatiwong 2002-126 (PSU); Sai Kow Falls, Fattani, J.F.Maxwell
85-728 (PSU).

Vallarss gifabra (L) O. Kuntze — cultivated in Chulalongkorn University, Bangkok,
H.Sittha 05-21 (BCU); Suan Jidlada, Bangkok, H Sittha 06-06 (BCLU).

Vallaris sofanacea (Roth) O, Euntze — Phu Kradung, Loei, Dea 418 (BKF).

Wilfughbaia corfacea Wall. — Gahroma Falls, Nakorn Si Thammarat, W.Ramsri 102
(PSU); Khao Yai National Park, Nakorn Nayok, H.Sittha 05-09 (BCU).
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Wilfughbeia edulis Roxb. — Matong, Chantaburi, Chit 310 (BKF).

Willughbeia grandiffora Dyer ex Hookf — Ton Deang Peat Swamp Forest,
Marathiwat, C.Nivomdham 4982 (BEF): Su-ngai Padi, Marathiwat, | F. Maxwall
87-588 (PSU).

Wrightia antidysenterica (L) B Br. — cultivated in Chulalongkorn University,
Bangkok, H.Sittha 05-31 (BCLI).

Wrightia arborea (Dennst.) Mabb, — Tad Ton National Park, Chaiyaphum, H. Sittha
0G-02 (BCUJ.

Wrightia dubia (Sims) Spreng. — Sai Roong Falls, Trang, | F Maxwell 87413 (PSU):
Ronphibun, Nakorn 5i Thammarat, H.Sittha 05-10 (BCU).

Wrightia laevis Hoolk . f. — Gahrome Falls, Nakorn S5i Thammarat, J.F.Maxwell 85-393
(PSU); Khao Nan National Park, Nakorn Si Thammarat, KNP 056 (BCU).

Wirightia lanceolata Kerr — Sam Foi Yot, Ratchaburi, K.Larsen et al. 1203 {(BKF).

Wrightia pubescens R.Br. — Prince of Songkhla University, Haad Yai Campus,
Songkla, ].F.Maxwell 85-410 (PSU); ] P.Maxwell 85-410 (PSU); Saraburi,
H.Sittha 05-32 (BCU); cultivated in Chulalongkorn University, Bangkok,
H.Sittha 06-04 (BCU).

Wrightia religiosa Benth, ex Kurz — cultivated in Chulalongkorn University, Bangkol,
H.Sittha 05-33 (BCU).

Wrightia sirikitae D J.Middleton & Santisuk — Wat Phraphuttabat, Saraburi,
Th.Wongprasert 012-02 (BEF).

Wrightia virfdiffora Kerr — Sai Yok, Kanchanaburi, TDBS 10457 (BKF).
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APPENDIX B

GLOS5ARY

Definitions of pollen characters used in this study modified from Punt ef al
(2007). Terminologies are listed alphabetically.

Acetolysis
A widely used technique for preparing pollen and spore exines for study.

Alveolate (adj.)

Describing a type of sexinefectexine structure, in which the
infratectal layer is characterised by partitions forming
compartments of irreqular size and shape,

The outline of a pollen grain or spore seen in polar view.

Angulaperturate (adj.)
Describing an equatorially aperturate pollen grain with the
apertures situated at the angles of the outline in polar view.

Annulus (pl. annuli, adj. annulate)

J,' An area of the exine surmounding a pore that is sharply
3 = differentiated from the remainder of the exine, either in
N e e

=y == ornamentation or thickness.

Aperture (ad). aperturate)
A specialized region of the pollen wall, that is thinner than the remainder of

the sporoderm and generally differs in ornamentation and/or in structure,
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Aperture membrane

The exine which forms the floor of an ectoaperture.

LN i |
Lelle]
Vi)t

Apocolpium (pl. apocolpia )

— A ragion at the pole of a Zonocolpata pallen grain delimited by
f
l :”4 i lines connecting the apices of the colpi.
Apocolpium index

(d) of a zonocolpate pollen grain to its equatorial diametar (D)

\..L/ Synonym of polar area index.

Apuolar (adj.)
-
£ }.l /

LK

Apoporium (pl. apoporia)
An area at the pole of a zonoporate pollen grain that is
@ delimited by a line connecting the borders of the pores.

The ratio of the distance botwesn the apices of two actocolpi
Q
g

- Describing pollen and spores without distinct polarity.

l=“

Aspis (pl. aspides, adj. aspidate)
=5 o @ Aprominently protruding thickening of the exine around a
-4 @ pore.
E N B

Atectale (adj.)
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Describing pollen grains that have an exine with little or no

internal structura.

Bilateral (adj.)
- Describing pollen and spores having a single, principal plane

f '] Q of symmetry.

Calymmate (adj.)
[Describing tetrads or polyads in which the sexine/ectexine of
‘ each monad is well differentiated and forms a continuous

s .‘ anvelope around the unit.

Circumaperturate (adj. )

,,;:T} Ve - Describing a pollen grain with equatorial apertures that are
U {:} ] regularly arranged around a circular outline.

Coaperturate (adj.)
Describing permsnent tetrads in which the apertures of

@ neighbouring monads join.

Colporus (pl. colpori, adj. colporate)
A compound aperture consisting of an ectocolpus with one or
more endoapertures.

An elongaled aperture with a length/breadth ratio greater
than 2.
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Colpus membrane
.-.- -_-‘\‘l'
| . | 4
=

Columella (pl. columallae, adj. columellate)
A rod-like element of the sexinafoctexine, either supporting a

— 0 gt

The aperture membrane of a colpus.

Compound aperturs
An aperture with two or more components that are situated in

- ‘
, @ 0 0 more than one wall layer.

Costa (pl. costae, ad). costate)

A thickening of the nexinefendexine bordering an
Q #(. ﬁ ¥= andoaperture, or following the outline of an ectoaperture.
b=

Dicolpate, dicolporate, diporate (adj.)

.© @ Describing pollen grains with two ectocolpi, two compound
: apartures o two poras.
OG0

Dispersal unit

The morphological unit in which mature pollen grains or spores are shed,
which may range from individuals (monads), to pairs (dyads), groups of four (tetrads),
or groups of more than four (polyads). Larger, indeterminate numbers of pollan
grains or spores may also ba dispersed as pallinia or massulas,
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Distal (adj.)
A common descriptive term usad in contrast to proximal, applied in palynology
to features on the surface that face outward in the tetrad stage.

Ectoaperture
ﬁ\\ll An aperture in the cuterlayer of the sporoderm.
Vi)
Endoaperture
J,.-"F-_“‘\ .-"-’_ " An aperture in the inner layer of the sporoderm, often the

\:[';{O I : E inner aperture of a compound aperture.

".
1“«._;-' x,.,-*"

Endocingulum (pl. endocingula, adj. endocingulate)
o A ring-shaped endoaperture continuous around a pollen
grain and lying in the aquatorial plane.

Endocrack

A A A A A An irmegular groove occurting in the inner surface of the
| | II i 11 naxinefendexine and readily apparent in acetolysed pollen,
O e

f

Equator
The dividing line batween the distal and proximal faces of a

s - pollen grain or spare.

Equatorial diameter

Aline, lying in the equatorial plane, perpendicular to the polar

. axis and passing through it.
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Equatorial outline
T, General description of the equator when a pollen grain is seen

in polar view,

Equatorial plane
The plane perpandicular lo the polar axis and lying midway

@ O betweaen the poles.

Eurypalynous (adj.]
Dascribing plant taxa characterized by possession of a great diversity of
palynomorphs.

Exine (pl. exines, adj. axinal, exinous)

The outer laver of the wall of a palynomorph, which is highly
—_— resistant to strong acids and bases, and is composed primarily
of sporopollenin.

Fossula (pl. fossulas, adj. fossulate)
A feature of ornamentation consisting of an elongated,

-Uﬁ
=

)]

i

irregular groove in the surface.

i

i

U
J
7

Foveola (pl. foveolas, adj. foveolata)

A feature of ornamentation consisting of more or less rounded

L) o
6%o @ depressions or lumina mora than Ipm in diameter. The
[
n_gu_f ———nc  distance between foveolae is greater than their breadth.

Gemma (pl. gammae, adj. gammata)
A saexine alement which is constricted at its base, higher than
— e O6& Ipm, and that has approximately the same width as its height.
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Granular exine

fl i H ﬂ_‘&_ A type of exine stratification in which the infratectal layer is
eles composed of more or less rounded, granules rather than of

— eolumellas or other structures.

Granulum (pl. granula, ad). granulate, granuloss)
A very small and roundad element of the sexing/ectexine that is less than 1pm
in all directions.

Harmomegathy {adj. harmomegathic)

The process by which pollen grains and spores change in shape to
accommodate variations in the wvolume of the cytoplasm caused by changing
hydration.

H-endoaperturs
f/\. An elaborate endoaperture, consisting of a central part which
. | connects two lateral, longitudinal elongations, forming an *H*
; : shape

Describing pollen or spores in which the distal and proximal

faces of the exine are different, either in shape, oroamentation

or apertural system.

Infratectum (pl. infratecta, adj. infratectata)
A goneral term for the layer beneath the tectum, which may ba

w alveolar, granular, celumellar, or structureless.

Intine
rae'ry The innermost of the major layers of the pollen grain wall

|| l! || ||' || || underlying the exine and bordering the surface of the
— cytoplasm.
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Isopolar (ad).)
o ﬁ\,l Describing a pollen grain or spore in which the proximal and
| } distal faces of the exine are alike.
\ /
N/
Lalongate (adj.)
\I Describing the shape of a transversely elongated
+ endoaparture,
Limb
Synonym of equatorial outline,
LO-analysis
I i ; A method for analyzing patterns of sexine organization by
means of light microscopy.
== . ‘

Lolongate (adj.)

=

Describing  the shape of a longitudinally elongated
endoaperture.

Margo (pl. margines, adj. marginate)
An area of exine around an ectocolpus that is differentiated from
=abs the remainder of the sexine, either im ornamentation or by
&= == difforence in thickness.

Mesocolpium (pl. mesocolpia) and Mesoporium (pl. masoporia)
The area of a pollen grain surface delimited by lines batwaen Lhe

f'. 6 apices of adjacent colpi or the margins of adjacent pores.
L
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Microreticulum (adj. microreticulate)

A reticulate ornamentation consisting of mur and lumina smaller than 1pm.

Microspore
A general term for the smaller spores of heterosporous plants that is the
spores from which the microgametophyte develops.

Monad
A pollen grain or spere dispersed as an individual unit, rather than in
association with others, such as in a dyad, tetrad or polyad.

Multiplanar tetrad

/41 A tetrad in which the individual members are arranged in
?\O). . more than one plane.
I.' 1

Nexine

The inner, non-sculptured part of the exine which lies below

A A A AA
w the sexine.

Oblate (adj.)
Describing the shape of a pellen grain or spore in which the
polar axis is shorter than the aquatorial diamaeter,

Oblate spheroidal (adj.)
Describing the shape of a pollen grain or spora in which the
ratio between the polar axis and the equatorial diameter is
0.B8-1.00.
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Operculum (pl. opercula, adj. operculate)
A distinctly delimited sexinefectexine structure which cowvers
r{ @ @I part of an ectoaperture and which is completely isolated from
d';'r: the rest of the sexine.

Optical (cross-) seclion
The image seen in optical microscopy when the plane of focus is half way
through a palynomorph.

Omamentation

A genaral term that is usaful for describing the organization of features.

Os {p] ora, a.:l; orate)

—

P Synonym of endoaperture.

r" || O _T_

£

Sk Thi ratio of the langth of the polar axis (F) to the squatorial
diameter (E).

Palynology
_The study of pollen grains and spores and of other biological materials that
can be studiad by means of palynological techniquas.

Fantoaperturate (adj.)
| Describing a _pollen grain with apertures spread over the
TIRERE TN

1 g | surface sometimes forming a regular pattern.
‘m PALY I\_
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Perforate (adj.)

A general adjective indicating the presence of holes, applied in
palynology to holes lass than 1pm in diameter and generally

situated in the tectum

Peroblate (adj )
Describing the shape of a pollen grain or spore in which the
ratio between the polar axis and the equatorial diamelar is less
than 0.50.

Perprolate (adj.)
Describing the shape of a pollen grain or spore in which the
ratic between the polar axis and the equatorial diameter is

more than 2.
Planaperturate (adj.)
PR Describing a pollen grain with an angular outline, in which the
. t\. apartures are situated in the middle of the sides when seen in

:"k_m_-—) polar view, rather than at the angles

Polararea

O

Polar area index (pl. polar area indices)
'g"-l. ] .__J‘l,
Gk, e
Yol o

Synonym of apocolpium.

Synonym of apocolpium index,

Polar axis (pl. polar axes)
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The straight line betwean the distal and proximal poles of a

U @ pollen grain or spore.

Polar field

—

| @

Synonym of apocolpium.

Polar view

/('“H A view of a pollen grain or spore in which the polar axis is
\J directed towards tha observer,

Polarity

The condition of having distinct poles.

Pole
_-;"' Either of the two extramities of the polar axis.
"I.\'q‘
Pollen
The microgametophyte of seed plants developed from the microspore.
Follen type

A pollen morphological category, subsidiary to a pollen class, and including
pollen grains which can be distinguished either by one distinct character or by a
unique combination of characters,

Pollinium (pl. pollinia)
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A general term for aggregatons of many pollen grains which
form dispersal units.

Pore (pl. pores, adj. porate]

P

F il A general term, applied in palynology to a circular or elliptic

]-. & II aparture with a length/breadth ratio less than 2.
',

Pororate (adj.)

Describing a pollen grain with compound apertures in which
. . both tha ectoaperture and the endoaparture are pores and the
3 two are not congruent.

Prolate
Describing the shape of a pollen grain or spora in which the
polar axis is larger than the equatorial diameter,

Prolate spheroidal

Describing the shape of a pollen grain or spore in which the
ratio between the polar axis and the equatorial diameter is
1.00-1.14.

Proximal pole

o

ol

The centre of the proximal face.

Pseudoaperture (adj. pseudoaperturate)
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A thinning of the exine which, although superficially resembling an apertura,
is mot associatad with a thickening of the intine and is presumed not to function as an

exitus.,

Pseudocolpus (pl. pseudocelpi, adj pseudocelpate)
A colpus-like pseudoaperture.

Pseudopore (pl. pseudopores, adj. pseudoporate)
A pore-like pseudoaperturs.

Psilate (adj.)
Describing a pollen or spore with a smooth surface.

Punctum (pl. puncta, adj. punctate)

- - A rounded or elongate tectal perforation, less than 1pm in
Lt | length or diametar.

o °. * (MmOt

Radially symmetric (ad).)

{f Describing a pollen grain or spore with two or more vertical
planes of symmetry, but, if only two such planes are present,
then their axes are of equal length.

Reticulum (pl. reticula, adj. reticulate)
C} (...] A network-like pattern consisting of lumina or other spaces
Eh wider than 1pm bordered by elements namower than the

C]
E.{ _}2{1 lumina.

Scabrate (adj ) (sing. scabra, pl. scabraa)
Describing elements of ornamentation, of any shape, smaller than 1pm in all

directions.



1856

Sculpturing (adj. sculpturaed)
The surface reliaf, or topography. of a pollen grain or spore.

Semitectum (adj. semitectate)
A partially discontinuous tectum in which the tectal

]'|_|T I U ,_| ] perforations are equal to or wider than the muri and usually
RS |arger than 1pmin diameter.

Sexine

- ke

The outer, sculptured layer of the exine, which lias above the
naxine.

Shape classes (pl )
Categories of pollen and spore shape based on the relations between polar
axis (P) and equatorial diameter (E).

Spheroidal
Dascribing the shape of a pollen grain or spore in which the
polar axis and the equatorial diameter are approximately
aqual. :
Sporopollenin

The name given to the acetolysis resistant biopolymers which make up most of
the material of the exine.

Stenopalynous (adj.)
Describing plant taxa characterized by only a slight variation in their
palynomorphs:

Subisopolar (adj.)
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Describing a pollen grain or spore in which the proximal and

( ot d ltp’Q LI o distal faces are slightly different.

Suboblate (adj.)
Describing the shape of a pollen grain or spore in which the
ratio between the polar axis and the squatorial diameter js
0,75-0.88.

Subprolate (adj.)
Describing the shape of a pollen grain or spore in which the
ratio between the polar axis and the equatorial diameter is
1.14-1.33.

Subspheroidal (adj.)
Describing the shape of a pollen grain or spore in which the
ratio between the polar axis and the equatorial diameater is
0.75-1.33.

Syncolploriate (ad) )

Describing a pollen grain with two or more simple (or
. @ compound) colpi tha ends of which anastomose at the pole.

Tectum (pl. tecta, ad). tectate)

7 The layer of sexine, which forms a roof over the columellas,
W || || I| 1 h || granules or ather infratectal elements.
T

Tectum perforatum (adj. tectate perforate)
R A tectum with perforations smaller than Tpm in diameter,

o o —
" * o7 (NI
L ]



Tectum imperforatum (ad). tectate imperforate)
With a continuous tectum, without perforations.

Tetrad
I.f“_'"f| J A general term for a group of four united pollen grains or
{ ! ) spores, either asa dispersal unit or as a developmental stage.
B

Tetrahedral tetrad

A multiplanar tetrad in which each member is in contact with
three others, so that the centers of the grains define a
tetrahedron.

~

Tricolpate, tricolporate, triporabe (ad) )

. @ @ @ Describing pollen grains with three ectocolpi, three compound
- VN apertures or three pores.
QO
o/ Nigud

Verruca (pl. verrucae, adj. verrucata)
A wart-like sexine elament, more than lpm wide, that is
—= M & & & hroader than it is high and is not constricted at the base.

Fonoaperiurate (adj.)
Describing a pollen grain with apertures situated only at the

() @)ooy caer
GO
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