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CHAPTER |
INTRODUCTION

Palynology is the study of pollen, spore and other biological materials studied by
means of palynological method, including other applications (Hyde and Williams, 1944).

Pollen morphology gives an advantage for plant classification. It demonstrates
the relationship in rank of families, tribes, gensra and species (Erdtman, 1952). Pollen
morphological study is not.only provides a great wealth of plant taxonomy but also be
able to apply in other branehes. of s;ence, for.example, aeropalynology, medical
palynology, melissopalynelogysand geopllalynology (Erdtman, 1952, 1969).

In Thailand, man@rove forest canl.be found along coasts, estuaries and around

4

islands which are in the iiflalZone of s;outﬁ_e'astern, central, east coast of peninsula and

west coast of peninsula (Aksornkoa‘é ef a/.,lfn 992).

i

Because of unique gcology-and floristic compaesition of mangrove vegetation, it
- .-'. ‘l
is a suitable ecosystem to use palynclogy in tracing the history and evolution (Blasco,
' Lol )]

1984). The reconstruction of végetation tymfs_"_"by means of pollen analysis can be

carried out by experienced pélyﬁbldgists, a'r{c‘{“_ﬁ'a_v’e enough-data of pollen morphology

or acetolyzed pollen ‘;shdes of present day plant spemeé;ﬁhe works concerned the
palynological study in m-_angrove sediments generally do nét report pollen morphological
data or propose the k’ey. Moreover, a few. palynologic:aI data of modern mangrove
species which has beenreported do-notinclude all mangrove plant species in Thailand.

In Thailand, there are only some palynological studies in sediment in which
pollen ‘grains of mangrove plant species can be found (Somboan,«1998, 1990; Rugmai,
2006; Punwong, 2007). For pollen morphological study of modern mangrove plant
species in Thailand, there are a few mangrove plant species in some plant families
(Apocynaceae, Euphorbiaceae, Melastomataceae and Rhizophoraceae) have been
done (Boonsermsuk, 1987; Chantaranothai, 1997; Kasetsinsombat, 1999; Sittha,
2007).There is not specific study of pollen and spore morphology of modern mangrove

species in Thailand.



This is the first study of the mangrove pollen flora of Thailand. The results from
this study had provided useful information for palynology concerned with mangrove
plant species, and can be basic knowledge for applications in other branches of

science.

Aims of this thesis

1. To investigate mangrove pollen flora in Thailand: to describe pollen and

2. : 'Joub
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CHAPTER I

LITERATURE REVIEWS

2.1 Mangrove plant definition

The word “mangrove” means both individual plant (trees or shrubs) and tropical
intertidal forest. Using the term “mangrove” solely may make some confusion in context.
So the combination words, such as “mangrove plant” or “mangrove forest”, should be
referred. Some author use the word “mangal”.io refer mangrove vegetation (Tomlinson,
1986; Hogarth, 1999, 2007; Kathiresan and Bingham;2001).

Tomlinson (1986) catedorized mangrove plants into 3 groups (Table 1) — major
elements of mangal (strict.or true mangro;'kes), minor elements of mangal, and mangrove
associates. First, major glements of marig'él include 34 species in 9 genera and 5
families. They possess all of mostithe ?oIIO\;Jjng features:

1) distribute exclu_lsiye‘ly in f‘f_}gngrove habitat,
2) play a‘major ro[e;in the{j’sj-‘.t_‘r_l‘;cture of the community and are able to

form pure stands; 22

3) adapt some,morphologyf;nf-cr’ﬁangrove environment, such as aerial
rooks, preumaltophore. or vivipary, 2/

4) hé\‘;;z-physiological adaptations for salt é>’<_(I:Iusion and/or secretion,

5) taxoﬁomically isolated from terrestrial relatives at least at the generic
levely andoften at the sulbfamily ¢r family:level:

Second,gminor elements of mangrove include 20 species in 11 genera and 11
families=They are less conspiguous elements;of<thesmangrevevegetation and unable to
form pure stands. Maoreover, they may occupy peripheral' mangrove habitat.

Last, mangrove associates do not inhabit strict to mangrove habitat. They
generally occur in transitional vegetation between mangrove and terrestrial
communities, and often occur in non-mangrove habitat. Many epiphytes: ferns, orchids,
and other plants can be found in the mangrove high canopy because they cannot

tolerate salt. Besides, terrestrial herbs (including grass and grass-like plants), climbers,



ferns, palms, pandan and cycad are also included in the group of mangrove associates

(Giesen et al., 2006).

Table 1 List of major and minor elements of mangal (Tomlinson, 1986)

Family Genus Number of species

Major elements of mangal

Avicenniaceae Avicennia 8
Combretaceae 1
2
Palmae 1
Rhizophoraceae 6
2
1
8
Sonneratiaceae 5
Minor elements of mang
Bombaceae 2
Euphorbiaceae 2
Lythraceae 1
Meliaceae 2
Myrsinaceae 2
Myrtaceae Osbornia 1
PeIIicieraceae 1
Plumbagianace u EJ‘ ’J ﬂcﬂﬂ j w EJ"] ﬂ i 2
Pteridaceae Acrostihum 3
woacit Y] AINSENIARIINYIA EJ1
Steroullaceae Heritiera

Tomlinson (1986) discussed that the criterion 1 is the most significant and
practical. According to criterion 1-5, the term “strict or true mangroves” of Tomlinson
(1986) has different meaning from one of the other authors. The other ones refer the

word “strict or true mangroves, restricted mangroves, exclusive mangroves, or core



mangroves (some authors also use the word “species” as a combination)” to the plants
which are mainly found in the intertidal mangrove habitat, and/or rarely elsewhere
(Santisuk, 1983; Thanikaimoni, 1987; Hogarth, 1999, 2007; Silva and Santos, 2009). So
the word “true mangroves” should comprise both Tomlinson (1986)’s major and minor
elements of mangal. The meaning of the word “mangrove associates” is concordant
between every author. However, some author also use the word “non-exclusive
mangrove species, peripheral mangrove species, or non obligatory mangrove species”
as the word “mangrove associates” (Thanikaimoni, 1987; Hogarth, 1999, 2007; Silva and
Santos, 2009).

In this report, the term “frue maﬁgrove species” is applied to the plants which
are mainly found in the intertidal*mangrove habitat, and/or rarely elsewhere. The term
“mangrove associates” isgthe plants which generally occur in the transitional vegetation
between mangrove and errestrial ‘comfnﬁ'nities, and often occur in non-mangrove

it

habitat as well. / "';‘ '

2.2 The study of mangrove flora in Thailandﬂ'j}d ”

A total of 268 plant Species have beé’h;_.iecorded in Southeast Asian mangrove
vegetation, including 129 trees and shrubs;k‘.%o_;terrestrial herbs (including 27 grasses
and grass-like plants)i 28 climbers, 28 epiphytes, 24 ferns, . seven palms, one pandan
and one cycad. Of these 268 species, 52 are true mangrove species. Furthermore, 186
out of 268 species, as Well as 33 true mangrove species occur in Thailnad (Giesen et
al., 2006).

In Thailand, Santisuk (1983) reported that there are 53 genera and 74 species
belonging to-35families.of trees.and shrubs,in the mangrove formation.of Thailand.

Moreover, 18 species” of “epiphytic” and "lithophytic orchids=“were found in
mangrove forests of Songkhla, Satun, Phuket, Phangnga, Krabi, and Chantaburi. None
of them are true mangrove species (Sahavacharin, Boonkerd, and Patanaponpaiboon,
1979).

By reconciling the meaning of the term “true mangrove species”, checklist of

Santisuk (1983) and Giesen et al. (2006), 17 genera and 32 species belonging to 12

families of true mangrove species in Thailand were recognized as presented in Table 2.



Table 2 List of true mangrove species of Thailand

Scientific name Family Life form
Acanthus ebracteatus Vahl ACANTHACEAE Shrub
Acanthus ilicifolius L. ACANTHACEAE Shrub
Acanthus volubilis Wall. ACANTHACEAE Climber
Acrostichum speciosum Willd. PTERIDACEAE Herb
Aegialitis rotundifolia Roxb. PLUMBAGINACEAE Small tree
Aegiceras corniculatum (L.) Blanco PRIMULACEAE Shrub
Avicennia alba Blume ACANTHACEAE Tree
Avicennia marina (Forssk.) Vierh. ACANTHACEAE Tree
Avicennia officinalis L. ) ACANTHACEAE Tree
Bruguiera cylindrica (L.) Blume RHIZOPHORACEAE Tree
Bruguiera gymnorhiza (L.)sSavigny { RHIZOPHORACEAE Tree
Bruguiera hainesii C.G. Rogers. l_ 4 RHIZOPHORACEAE Tree
Bruguiera parviflora (Roxb.) Wight'& Arn. é{Grif-f:.d" RHIZOPHORACEAE Tree
Bruguiera sexangula (Lour.) Pair. 'J RHIZOPHORACEAE Tree
Ceriops decandra (Criff.) W.'Thgob = ‘ (RHIZOPHORACEAE Small tree
Ceriops tagal (Perr.) C.B. Rob. , L J,rq -RHIZOPHORACEAE Tree
Excoecaria agallocha L. Sy .;_[;I:_UPHORBIACEAE Tree
Heritiera formes Buch.-Ham. E.l-\{IALVACEAE Tree
Kandelia candel (L.) Druce ph EHI_ZOPHORACEAE Tree
Lumnitzera littorea (Jac-[()_:Voigt COMBRETATC'__EIAE Small tree
Lumnitzera racemosa Willd. COMBRETACEAE Small tree
Nypa fruticans Wurmb j ARECACEAE Tree
Phoenix paludosa.Roxb. ARECAGEAE Tree
Rhizophora apiculata Blume. RHIZOPHORACEAE Tree
Rhizophora mucronata Lam. RHIZOPHORACEAE Tree
Scyphiphera hydrophyilacea C.E. Gaertn. RUBIACEAE Small tree
Sonneratia alba Sm. LYTHRACEAE Tree
Sonneratia caseolaris (L.) Engl. LYTHRACEAE Tree
Sonneratia griffithii Kurz LYTHRACEAE Tree
Sonneratia ovata Backer LYTHRACEAE Tree
Xylocarpus granatum J. Koenig MELIACEAE Tree
Xylocarpus moluccensis (Lam.) M. Roem. MELIACEAE Tree



http://www.theplantlist.org/tpl/record/kew-2615311�
http://www.theplantlist.org/tpl/record/kew-2623411�
http://www.theplantlist.org/tpl/record/kew-2684048�

2.3 Previous palynological works on modern mangrove plants

There are few works which directly related to the palynological works on the
modern mangrove plants. The following reports are the most relevant works to this
research.

Wright (1977, cited in Tomlinson, 1986: 142-144) studied North Queensland
mangrove pollen flora. He studied pollen of many common genera of the Old World
mangroves, and he also constructed the key to major pollen groups.

Bertrand (1983) described pollen /merphology of four common New World
mangroves in Jamaica: Rhizophora mangle I .{(Rhizophoraceae), Avicennia germinans
(L.) L. (Avicenniaceae), Conoearpus erectus kandkaguncularia racemosa (L.) Gaertn.
f. (Combretaceae). Pollen .grains were studied both light and scanning electron
microscopy. Pollen grains.ef these speciés are common. in peat cores taken from such
deposits. After these four spegies weére studied in pollen morphology, the identification
of pollen grains in the Sediment is easier. PTib\Agever, pollen fossil materials of Rhizophora
mangle and Laguncularia racemosa were:haird_ to distinguished. Pollen of Conocarpus
erectus and Rhizophora mangle Caﬁ_be ea’éﬁyquund in‘high quantity in pollen diagrams
because these plant speciesi:produce mamy pollen grains and probably are
anemophilous plants. L= —4

Thanikaimoni (;1987) studied pollen and spore mgfp.hology of mangrove plants

around the world. This-work used only light microscopy to::étudy the pollen and spore
morphology, so some ¢haracters might be misinterpreted. However, this work is one of
the useful refererices jfar many mangrovepalynologists/becausera number of mangrove
species (both Care or trie mangroves and peripheral mangroves) were studied in pollen
and spere merpholegy,and. many-pollen and.spore.photographs as well as a key to the
mangrove pollen‘and spore were presented in this publication.

The pollen grains of 40 species of Chinese mangrove plants and of 3 species of
Loranthaceae in mangrove were palynologically studied using light and scanning
electron microscope (Liu and Tang, 1989). It was found that the pollen grains of
Rhizophoraceae, Sonneratiaceae and some other species such as Aegiceras
corniculatum, Avicenna marina, Acanthus ebracteatus, Acrostichum aureum etc.

demonstrate a function which could be used to identify stratum.



Das and Ghose (1990) described pollen morphology of the mangrove flora of
the Sundarbans, West Bengal. Pollen of 30 species from 20 genera and 15 families were
palynologically studied by light and scanning electron microscope. A key to the pollen
grains was presented.

Silva and Santos (2009) studied pollen morphology of the shrub and arboreal
flora of mangroves of Northeastern Brazil. Pollen morphology of fourteen species

belonging to seven families was light and scanning electron microscopic studied. The

1l
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CHAPTER Il

MATERIALS AND METHODS

3.1 Materials for field work and sample collection
1) Paper envelopes

2) A plant press, size 30X46 cm

w

A pair of hand pruner.

~

Plastic bags

5) Hand-lens

)
)
)
)

6) Collector's nu

70%, 90%, and absoli
6) Distilled wate

8) Silicone oiI 2 ,000
”)ﬂﬁﬂ?wﬂﬂ§WBﬂﬂi

PRI I INYAY

13) Sieving crucible

7) Benzene

14) Beakers 50 ml and 100 ml
15) Glass rods

16) Hot plate

17) Warm plate

18) Centrifuge and centrifuge tubes
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19) Vortex mixer

20) Microscope slides and cover glasses

21) Stage micrometer

22) Light microscope (LM) OLYMPUS model CH30 and NIKON model ECLIPSE
E200 equipped with digital camera unit Nikon DS-Fi1

23) Scanning electron microscope (SEM) JEOL model JSM 5410 LV

3.3 Field work and sample collection

The pollens and spores of 60 genera-and 80 'species belonging to 37 families of
mangrove species in Thailandhas been examined (Table 3). Mature floral buds and
spores were obtained fromwwvoueher specimens deposited at BCU (Professor Kasin
Suvatabhandhu Herbariumy Department @f Botany, Chulalongkorn University, BKF (The

Forest Herbarium), PSU (Prince of Sohgkla University Herbarium), as well as specimens
collected from field collection. A ] L 4
' /4

Field collection for herbarium- specimens, as well as pollen and spore materials

were made throughout the coasts of Thaila{ﬁg during 2009 to 2010. Mature flower buds

of each species were kept'and died in paper envelopes. Vouchers plant specimens

were kept at BCU and PSU. .-

Il

3.4 Pollen and spore™ preparation for LM and SEM microsfﬁopy, and pollen and spore
morphological study

First, pollens and spores.were .acetolyzed using. the method adapted from the
acetolysis method (Erdtman,1960) as follow:

1) Boiled in 10% potassium Rydroxide untitreach boiling point

2) Washedipollen andispore residues with distilled.water 3 times

3) Used glacial acetic acid to remove water

4) Removed organic matter with acetolysis mixture (9 vols. of chemically pure
acetic anhydride and 1 vol. concentrated sulfuric acid) by boiling in water
bath at 70°C for 30-60 seconds

5) Washed with glacial acetic acid

6) Washed with distilled water 3 times.
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7) Dehydrated in an ethanol series (70%, 90% and absolute)

Note: At the end of each step, pollens and spores were centrifuged at 3,600 rpm.

For light microscopy, acetolyzed pollens and spore s were suspensed in
benzene. Silicone oil was then added as a mouting medium (Anderson, 1980), then
slides sealed with paraffin wax. Permanent slides of all species were deposited at BCU.

Measurements and morphological observations were taken under LM
(OLYMPUS model CH3). All species were taken. photographs using LM (NIKON model
ECLIPSE E200). All measurements were based«on.at least 10 pollen grains.

For scanning electron microsé"opy, acetolyzed pollens and spore s were
suspensed in absolute ethyl*aleohol. Pollen and spore samples were dehydrated by
critical-point-drying methed (€PD) thenll mounted on stubs and coated with gold-
paladium. Pollen and spore were studied ‘and photographs were taken by scanning

—

electron microscope (JEOL/JSM 54-_10,LV) 'J ¥

Pollen and spore morphc_;lo_gy vva"is:-mgg_nerally observed both polar view and
equatorial view (figure 1). Moreove[,_:pollen apq spore wall stratification was observed as
well (except intine and endosponré"vvhich arﬂe’f acetolysis resistant structures) (figure

Pollen and spom_mombwm_mtg <pollen and spore types.
Eventually, key to ‘-p‘gHen and spore type and each ’-"rt_y_|loe description were then
constructed. - N

The termin6logy’ uséd in/this study«is" aicombinationiof<those used by Erdtman

(1952), Punt etaal. (2007) and Hesse et al. (2009). The plant classification adopts

Angiosperm®hylogeny Grouptelassificatiom system(ARG |1, 2009)-
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Polar view Equatorial view

aperture

Pollen
Spore
. e A .
Figure 1 Pollen and spoge on pola W w (pictures redrawn from Punt
sculpture elements— ] y —tectal elements — sexine 3

o - . ¥
tectum ﬁ— ‘ tectum — sexine 2> Sexine
Ectexine . ._._._._._'

- _ i
o columella — sexine 1

foot layer. = o
y _l'l e e i Nexine

Intine

Endexine
Intine

AR

Exospore

Endospore

Spore

Figure 2 Diagram of pollen and spore wall stratification (pictures redrawn from Punt et

al. (2007))
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Species Families Collection Herbarium
Acanthus ebracteatus Vahl* ACANTHACEAE Muang, Songkhla/ N. Chumchim BCU**,
0032/ 15 Apr. 2010 PSU**
Acanthus ilicifolius L.* ACANTHACEAE Tung Wah, Satun/ N. Chumchim BCU*
0049/ 25 Apr. 2010
Acanthus volubilis Wall.* ACANTHACEAE Muang, Ranong/ Pipat s.n./ 6 Feb. BKF
1982
Acrostichum aureum L. PTERIDACEAE Tarutao Island, Satun/ Gordon PSU
Congdon 263/ 10-11 Jan. 1980
Acrostichum speciosum Willd.* /// ng Krachae, Trat/ N. Chumchim BCU**
1 Nov. 2009
Aegialitis rotundifolia Roxb.* X %Iand, Satun/ Congdon PSU
/o (0 ee37/ 31Ul 1981
Aegiceras corniculatum (L.) A\ ae, Trat/ N. Chumchim BCU**
. 2009
Aglaia cucullata (Roxb.) Pellegr. Ranong/ Pipat & BKF
479/ 2 Nov. 1981
Allophylus cobbe (L.) Raeusch. Songkhla/ P. Sirirugsa PSU
: May 1984
Antidesma ghaesembilla Gaertn. yoon, Phatthalung/ N. BCU**
I chim 0044/ 17 Apr. 2010
Ardisia elliptica Thunb. | i Tepa, Songkhla/ J.F. Maxwell 85- PSU
Atalantia monophylla DC. Ssw________RUTACEAE _ Haad yai- ongkhla/ J.F. Maxwell PSU
Avicennia alba Blume* ] Songkhla/ N. Chumchim BCU**
0030/ 11 Apr. 2010
Avicennia marina ( q WETVI j chaburi/ BCU
W ﬁiﬂ ]l
Avicennia off/cma//s L ACANTHACEAE Wah, Satun/ N. qg‘mmchlm BCU*
Barr/ngtonléanIat/ca (L.) @rz i EHDM ﬁ ’]@ ﬂoyonglﬁnﬂsland BKF
National ~ Park, Phangnga/ Th.
Wongprasert s.n./ 8 Apr. 1999
Barringtonia racemosa (L.) Spreng. LECYTHIDACEAE Koh Mak, Trat/ Phengklai et al. BKF
14547/ 6 Mar. 2003
Bruguiera cylindrica (L.) Blume* RHIZOPHORACEAE Muang, Songkhla/ N. Chumchim BCU**
0029/ 11 Apr. 2010
Bruguiera gymnorhiza (L.) Savigny* RHIZOPHORACEAE Muang, Songkhla/ N. Chumchim BCU™,
0028/ 11 Apr. 2010 psSuU*



http://www.theplantlist.org/tpl/record/kew-2615311�
http://www.theplantlist.org/tpl/record/kew-2623411�

(Table 3 continued)
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Species Families Collection Herbarium
Bruguiera parviflora (Roxb.) Wight & RHIZOPHORACEAE Khao Phra Taeo, Phuket/ T. BKF
Am. ex Griff.* Santisuk s.n./ 21 Feb. 1978
Bruguiera sexangula (Lour.) Poir.* RHIZOPHORACEAE Wang Krachae, Trat/ N. Chumchim BCU**
0019/ 22 Nov. 2009
Caesalpinia crista L. FABACEAE On the way to Je-bi-lung, Satun/ BCU
Herb. Trip 54/ 10 Oct. 1990
Calophyllum inophyllum L. CALOPHYLLACEAE Tarutao Island, Satun/ Congdon PSU
C147/ 10 Nov. 1979
Calycopteris floribunda (Roxb.) Lam. rutao Island, Sataun/ Hamilton & PSU
ex Poir. n 318/ 20 Feb. 1979
Cerbera manghas L. |rd Chumphon/ Herb. Trip BCU
. Mar. 1994
Cerbera odollam Gaertn. A\ gkhla/ N.  Chumchim BCU™,
. 2010 pPSU*
Ceriops decandra (Griff.) W. Theo 10F al_ J \ achae, Trat/ N. Chumchim BCU**
' 2009
Ceriops tagal (Perr.) C.B. Rob.* Satun/ N. Chumchim BCU**
. Apr. 2010
Clerodendrum inerme (L.) Gaertn. > __' ) g 00, Samut Prakan/ N. BCU**
chim 0059/ 30 May 2010
Crinum asiaticum L. : ' ACE ' Pak  Payoon, Phatthalung/ N. BCU**
/ 17 Apr. 2010
Cynometra ramiflora L. = = marat/ U. Damsri BCU
5
Dalbergia candenatensis (DerE.) B i Songkhla/ P. Sirirugsa PSU
Prain 815/ 26 May 1984
Derris trifoliata Lourﬂ u EJ‘ q W(ﬁﬂ j W ﬂ\q}ﬂﬁN Chumchim BCU**
D/ospyros areolata K|ng & Gamble EBENAGEAE K&Jr Ranong/ T. Sanw 844/ 25 BKF
Dol/chandr(qe s,oathacezﬁq ﬂ j ;M H w ’]a' mang;) @nhgm/ N. BCU**
Seem. Chumchim 0064/ 20 Jun 2010
Drynaria quercifolia (L.) J. Sm. POLYPODIACEAE Wang Krachae, Trat/ N. Chumchim BCU**
0020/ 22 Nov. 2009
Excoecaria agallocha L.* EUPHORBIACEAE Muang, Songkhla/ P. Sirirugsa PSU
4029/ 9 Jun. 1982
Ficus microcarpa L. f. MORACEAE Adang lIsland, Satun/ J.F. Maxwell PSU

87-344/ 15 Apr. 1987



http://www.theplantlist.org/tpl/record/kew-2684048�
http://www.theplantlist.org/tpl/record/kew-2684048�
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Species Families Collection Herbarium
Flagellaria indica L. FLAGELLARIACEAE Tumbol Khao Sa Ba, Unknown PSU
Province / KK. et al. 12/ 2 Aug.
2008
Glochidion littorale Blume PHYLLANTHACEAE Pak Payoon, Phatthalung/ N. BCU™,
Chumchim 0042/ 17 Apr. 2010 PSU**
Heritiera littoralis Aiton MALVACEAE Mangrove Forest Research Unit, BCU
Ranong/ P. Trisarasri 290/ 29 Apr.
1997
Hibiscus tiliaceus L. // ng Krachae, Trat/ N. Chumchim BCU**
1 Nov. 2009
Horsfieldia irya (Gaertn.) Warb. 4‘ mlsland Satun/ Congdon PSU
MOV. 1979
Intsia bijuga (Colebr.) Kuntze A\ thiwat/ C. Niyomdham BKF
Kandelia candel (L.) Druce* 10F al_ J \ achae, Trat/ N. Chumchim BCU**
' 2009
Lecanopteris sinuosa (Wall. ex IACEA '. ' hae, Trat/ N. Chumchim BCU**
Hook.) Copel. .
Lumnitzera littorea (Jack) Voigt* “_ FAC ) , 3 Krachae, Trat/ N. Chumchim BCU**
Lumnitzera racemosa Willd.* - ! 3R = Wang Krachae, Trat/ N. Chumchim BCU**
Melaleuca cajuputi Powell ""b; Phatthalung/ N BCU*™,
' /17 Apr. 2010 PSU**
Melanthera biflora (L.) Wild m Samut Prakan/ N. BCU**
Chumchim 0058/ 30 May 2010
Melastoma sa/goneﬁ TJZEJ‘ q Vﬁﬁm@ uri/ Plant taxo BCU**
Merr. IEW aﬂﬁi
Nypa fruticans Wurmb ARECAGEAE BCU**
Pandanugﬁfoﬁsgjsa q ﬂ E!\gy ;J w ’]ﬁ;ﬂaﬁsmu@ ﬂgdon PSU
s.n./ July 1980
Peltophorum pterocarpum (DC.) FABACEAE Singhanakhon, Songkhla/ N. BCU**
Backer ex K. Heyne Chumchim 0055/ 26 Apr. 2010
Pemphis acidula J.R. & G. Forst. LYTHRACEAE Koh Kram, Chon Buri/ Herb. Trip BCU
811 (8/7)/ 8 Jan. 1994
Phoenix paludosa Roxb.* ARECACEAE Ratchaburi/ A. S. Barfod, W. BKF

Ueachirakan, T. Burholt, and S.
Barrow 45207/ 7 Feb. 1994



http://www.theplantlist.org/tpl/record/kew-246142�
http://www.theplantlist.org/tpl/record/ild-1524�
http://www.ipni.org/ipni/idAuthorSearch.do?id=12990-1&back_page=%2Fipni%2FeditSimplePlantNameSearch.do%3Ffind_wholeName%3Dlecanopteris%2Bsinuosa%26output_format%3Dnormal�
http://www.ipni.org/ipni/idAuthorSearch.do?id=4086-1&back_page=%2Fipni%2FeditSimplePlantNameSearch.do%3Ffind_wholeName%3Dlecanopteris%2Bsinuosa%26output_format%3Dnormal�
http://www.ipni.org/ipni/idAuthorSearch.do?id=17415-1&back_page=%2Fipni%2FeditSimplePlantNameSearch.do%3Ffind_wholeName%3Dlecanopteris%2Bsinuosa%26output_format%3Dnormal�
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Species Families Collection Herbarium
Planchonella obovata (R.Br.) Pierre SAPOTACEAE Haad Yai, Songkhla/ J.F. Maxwell PSU
85-925/ 28 Sep. 1985
Pluchea indica (L.) Less. ASTERACEAE Krasae Sin, Songkhla/ N. BCU**,
Chumchim 0034/ 15 Apr. 2010 psSuU*
Pongamia pinnata (L.) Merr. FABACEAE Koh  Rinde, La-Ngu, Satun/ BKF
Phengklai 13908/ 8 Apr. 2003
Pyrrosia adnascens (Sw.) Ching POLYPODIACEAE Wang Krachae, Trat/ N. Chumchim BCU**
' 0017/ 22 Nov. 2009
Pyrrosia piloselloides (L.) M.G. Price B // ng Krachae, Trat/ N. Chumchim BCU**
/ﬁz Nov. 2009
Rhizophora apiculata Blume* A qhae, Trat/ N. Chumchim BCU*
A ov. 2009
Rhizophora mucronata Lam.* AE ae, Trat/ N. Chumchim BCU**
. 2009
Scaevola taccada (Gaertn.) Roxb. AC / Pak-bara, Satun/ Anupong A-19/ 2 PSU
Scolopia macrophylla (W. & A.) - 7, F uane , Pattani/ J.F. Maxwell 87-12/ PSU
Scyphiphora hydrophyllacea C.F. > ':' ) ang Krachae, Trat/ N. Chumchim BCU**
Gaertn.* ik ; 08/ 22 Nov. 2009
Sesuvium portulacastrum (L.) L. - Al : Bang Poo, Samut Prakan/ N. BCU**
/31 Mar. 2010
Shirakiopsis indica (Willd.)" Phatthalung/  N. BCU*,
7 /10 Apr. 2010 pPSU**
Sonneratia alba Sm.* baen Bay, Chanthaburi/ N. BCU**
Chumchim 0060/ 20 Jun. 2010
Sonneratia caseo/aﬂ ﬁ EJ‘ q Wiﬁﬂ j Prakan/ BCU**
Wﬂﬁj}ﬂﬂmﬁr 2010
Sonneratia gr/fﬂth// Kurz LYTHRACEAE ua Pa, Phangnganknown BKF
AN IR ZNLIRY
Sonneratia ovata Backer* rachae, Tra Chumchim BCU**
0014/ 22 Nov. 2009
Stenochlaena palustris (Burm. f.) BLECHNACEAE Tepa, Songkhla/ J.F. Maxwell 87- PSU
Bedd. 528/ 20 Jun. 1987
Suaeda maritima (L.) Dumort. AMARANTHACEAE Kung Krabaen Bay, Chanthaburi/ N. BCU**
Chumchim 0062/ 20 Jun. 2010
Terminalia catappa L. COMBRETACEAE Kuan Niang, Songkhla/  N. BCU**,
Chumchim 0048/ 17 Apr. 2010 PSU**



http://www.tropicos.org/Name/13051831�
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Species Families Collection Herbarium
Thespesia populnea (L.) Sol. ex MALVACEAE Kung Krabaen Bay, Chanthaburi/ N. BCU**
Corréa Chumchim 0065/ 20 Jun. 2010
Thespesia populneoides (Roxb.) MALVACEAE Bang Poo, Samut Prakan/ N. BCU*
Kostel. Chumchim 0024/ 31 Mar. 2010
Xylocarpus granatum J. Koenig* MELIACEAE Si-chang, Chon Buri/ T. Seelanan et BCU

al. 521/ 26 Feb. 2005
Xylocarpus moluccensis (Lam.) M. MELIACEAE Tung Wah, Satun/ N. Chumchim BCU**

Roem.* v 0052/ 25 Apr. 2010
Xylocarpus rumphii (Kostel.) Mabb. i \ /h Kram, Chon Buri/ Herb. Trip BCU

0.(8/60)/ 8 Jan. 1994

* True mangrove species

**Specimens which were ¢

AULINENINYINg
ARIANTAUNNIINGIAY



CHAPTER IV

RESULTS

There is a considerable variation of pollen and spore morphology of mangrove
flora in Thailand (Table 4). The keys contructed in this study are dichotomous. All
characters used in these keys can be observed under LM. However, the characters
from scanning electron microscope investigation were used as an option and used in

the keys to subtypes of each pollen and spore‘type’in case of hardly discriminant using

LM, 4
4.1 Keys to pollen and spere types \

4.1.1 Key for spore ¥
1a Trilete spore.....& .. 4 b . ¢ _é AN Acrostichum speciosum type
b Monolete spore... ... L.l f‘ R T T R 2
2a  Surface with small globules 6r ;‘nass oé'JEjar;[icIes ............ Lecanopteris sinuosa type
2b  Grain echinate, gemmate, verrucate, orf-sh;_ojpt paculate..........ccociiiiii 3

3a  Grain echinate, echinag: slender with—._-.p;oimt end (base width about 1 pm);
interspinal area:granulate to finely verrucate... -~ Jud. . Drynaria quercifolia type
3b  Grain echinate (echinae base width generally more than 5 um), gemmate, or
VEITUCALE. ... ... /T 4
4a  Grain densely; gemmate and verrucate:gemmae andeverrucae different in size; or
echinate, spine shape conical"with point end, some ‘grains spines form like large
gemmae, interspinal.area.gemmMate ;. m s s « s - g v - s 0 o Pyrrosia adnascens type
4b  Grain® “fairly™ "verrucate’” “or® ‘short " baculate,” “present” only on distal

sSurface......coocvvvveviiiiiiiii e SEeNOChIaena palustris type

4.1.2 Key for pollen

1a  Simple aperturate POIEN grain. ... .. 2
b Compound aperturate pollen grain..........cooviiiii e 17

2 T €1 =1 T o] = (= 3



2b
3a
3b
4a
4b
5a
5b
6a
6b
7a
7b
8a
8b
9a
9b
10a

10b
11a
11b
12a
12b
13a
13b
14a
14b
15a
15b
16a
16b

17a

19

GraiN COlPAIE. ..t 8
(T =T T o == 4
Grain 2-3-porate or polypantopOrate. ... ..ovvii i 5
Ornamentation perforate; annulus present...............c.oeeenene. Flagellaria indica type
Ornamentation granulate (LM); annulus absent......... Pandanus odoratissimus type
Grain 2-POrate. ... Ficus microcarpa type
Grain 3-zonoporate or polypantoporate. .........c.oviiiiiii 6
Grain polypantoporate.......ooieeiiii e b e Suaeda maritima type
Grain 3-zonoporate. ... Mt 7
Ornamentation microreticulate (LM)...... .o . Allophylus cobbe type

Ornamentation gemmate (M) ... L. iiiiieee. ... SONNeratia griffithii type

Grain 1-colpate.....glf. 48 FFE . B BN N .., 9
Grain 2-3-colpate. ... dl B e N N N 11
Ring-like aperturate grain.. ...4... L. x .................................... Nypa fruticans type
Aperture others... &0 8 a. . e s B AR N 10
Equatorial outline triangular with ﬂat—t_q.s_gkon longer equatorial view, and slightly
guadrangular on shorter equaterial vie\A}_'_;.z-f:;‘ ......................... Horsfieldia irya type
Equatorial outline circular-elliptic {0 ellip-ti‘c;.-. e Phoenix paludosa type
Grain 2-ColpalB s —— T - - Crinum asiaticum type
Grain 3-colpate. . . I . . . ... ieeeeeieieeeinennn 12
Apertures fused at polar ends, 3-parasyncolpate......... Barringtonia racemosa type
Aperture ot fused, B-Zon0colpatel /L A b L o L S 13
Ornamentation long gemmate and clavate (LM)............ Aegialitis rotundifolia type
QmaganistiomOiie ey &£ 1 4 100 A MO D1 /A& DL oooeeeees 14
Ornamentation granulate (LM)........................00 Clerodendrum inerme type
Ornamentation Others. ... ..o 15
Ornamentation perforate (LM)........ccccceevvvveeiiiieeeinen. Sesuvium portulacastrum type
Ornamentation OthErS. ... e 16
Colpi relatively narrow or slit-like (0.40-2.40 uym) ................ Acanthus volubilis type

Colpi relatively wide (6.00-9.40 pm).........................Dolichandrone spathacea type

HeterOCO I Date. . 18



17b
18a

18b

19a
190
20a

20b

21a
21b
22a
22b
23a
23b
24a
24b
25a
25b
26a
26b
27a
270
28a
28b
29a
29b
30a

20

NOL NEIEIOCOIPAIE. ... i 21
Colpori ectoaperture very short, half length of polar axis; fossulate-perforate on
subsidiary colpi (SEM).......ccooiiiiiiiiiiee Calycopteris floribunda type

Colpori ectoaperture slightly shorter than polar axis; granules present on

subsidiary Colpi (SEM). ... 19
Ornamentation perforate (LM)...........cocooiiiiiiiiii, Lumnitzera littorea type
Ornamentation psilate (LM) ... ... 20

Endoapertures with acute equatoarial ends, sometimes equatorial ends diffused;
ornamentation psilate with very small round.depressions, or with sparsely minute
puncta (SEM)......... 00000 Y ———— Melastoma saigonense type
Endoapertures with obttse€guatorial ends; ornamentation rugulate with scattered

minute puncta (SENE.. . 0t eee..... TEMINalia catappa type

Grain colpororate..........................';."." .............. Scyphiphora hydrophyllacea type
Grain colporate.......&. . o L - LA W . 22
Grain polypantocelporate i, ... L ANR R Thespesia populnea type
Grain 3—5—Co|porate.........................;_1..3.‘... .................................................. 23
Grain 4-5-colporate........ i _‘ .................................................. 24
Grain 3-colporate.........cc o _ e, 28
Ornamentationsmicrareticulate tofinely reticulate (MM Glochidion littorale type
Ornamentation OMIEIS . ... s e T e 25

Endoaperture notiprotruding beyond ectoapenture. b . h i i 26
Endoaperture circular or subcircular.................cocon Xylocarpus rumphii type
Erdopge it are opoate el 1. A 100 A MO D 1A A DL 27
Equatorial outline elliptic to circular-elliptic.................... Atalantia monophylla type

Equatorial outline oblong-elliptic with round polar ends...Planchonella obovata type

Ectoapertures fused at polar ends, 3-parasyncolporate...... Melaleuca cajuputi type
Ectoaperture not fused or some grains 1 pair of ectoapertures fused at pole...... 29
Ornamentation echinate (LM).........oooiiiis e Pluchea indica type
Ornamentation OtNEIS ... ..o 30

Ornamentation reticulate, lumina wide (LM)............ocoooiiiiiee 31



30b
31a

31b

32a

32b

33a
33b
34a

34b

35a
35b
36a
36b
37a
37b
38a

38b

39a

39b

40a

40b

21

Ornamentation finely reticulate or others (LM..............coocoiiiiiiiii 33
Polar outline triangular; shape class oblate to oblate spheroidal; colpus membrane
perforate to microreticulate.................occco Caesalpinia crista type
Polar outline circular to circular-triangular; shape class oblate spheroidal to
subprolate; colpus membrane granulate............oooiiii i 32
Ectoaperture colpi, shape irregular or polygonal-oblong; endoaperture pori, shape
irregular or polygonal, not protruding..........ccoooviiiiiiiiii Intsia bijuga type
Ectoaperture colpi, oblong-elliptic, margin, regular; endoaperture pori, lalongate
elliptic or subcircular, pretruding....... .ot . ... Peltophorum pterocarpum type
Ornamentation on apocolpia differént from ornamentation on mesocolpia (LM)...34
Ornamentation on apgeolpia indifferent from ornamentation on mesocolpia (LM).35
Equatorial outline circular or. subci'rcular; ornamentation perforate; granulate or
granulate-perforate on mesocolpia (LM) ........................... Cerbera manghas type

it

Equatorial outline obleng-elliptic with ";r‘ou_nd polar ends; ornamentation psilate on

mesocolpia; micrareticulate Qn_apocdiljp_li.a AEM) S Aglaia cucullata type
Ornamentation microreticulate;pr finelﬂgti?:ulate (EM) ., 36
Ornamentation granulate, psilate, or pe@é-te (EM) . 43
Costa absent.............orii i, —4 ....................... Avicennia alba type
Costa present s — 0 - - - <+ ¢t e e et eteeeeteteeeanenns 37
Equatorial outline agblong-elliptic. ....... s iy . . =1.. Antidesma ghasembilla type
Equatorial outline Gircular to elliptic...cocooiiiiiiiiiis e, 38

Grain small, P=11.50417.20 um; éndoaperture not wide open, endoaperture polar
WIAEh 1.0022.00 M. o 39

Graimysmall toymediumssized, | R515:80-30.20, pmy; if P<17:20 gm endoaperture

more wide open, endoaperture polar width 2.80-8.20 um............0coceinnn, 40
Ectoaperture polar ends obtusSe.......c.ooviiiiiiiiii Ardisia elliptica type
Ectoaperture polarends acute.............coooiiiiiiin Scolopia macrophylla type

Endoaperture lalongate elliptic or lalongate oblong, equatorial ends obtuse,
generally Wide 0PNt Derris trifoliata type
Endoaperture lalongate elliptic or lalongate oblong, equatorial ends acute or

diffused, somewhat endocingula present.........c..ooooiiiiiiici 41



41a
41b
42a
42b
43a
43b
44a
44b
45a

45b

46a

46b

47a

47b

48a

48b

49a

49b

50a
50b

22

Columellae invisible under LM...........cooooiiiiiiiiinn, Calophyllum inophyllum type
Columellae distinct, clearly seen on both surface view and optical section......... 42
Grain planaperturate; equatotial outline circular-elliptic...Excoecaria agallocha type
Grain not planaperturate; equatotial outline elliptic............ Shirakiopsis indica type
Ectoaperture relatively short, length<2/3 of polar axis..........cccooeeiiiiiiiiiiiinnn .. 44
Ectoaperture as long as or slightly shorter than polar axis..............cococviiiiin 46
Endoaperture lalongate oblong-elliptic.................... Dalbergia candenatensis type
Endoaperture circular or subcircular.. 4. 4. oo 45
Equatorial outline elliptic to circular-€lliplie;” endoaperture protruding beyond
ectoaperture.......... 0 Y | —— Pemphis acidula type
Equatorial outline cireular«0r subcircular; endoaperture not protruding beyond
ectoaperture........ ... 4 L4 4.. ] R Xylocarpus rumphii type

Columellae distincty Clearly /seen on both surface view and optical section,

et

polygonal or rarely cigCular when see".pn_surface View......... Scaevola taccada type
Columellae indistinCt. 4. .. s e s ................................................... 47
Ornamentation granulate (LM)/.o.o. 4 Jf . ......................... Heritiera littoralis type
Ornamentation psilate (LMY 2 48

Endoaperture protruding “beyond ect;_éherture; equatorial outline circular or
SUD I CUIAT . . . M —— {..Cynometra ramiflora type
Endoaperture not protruding beyond ectoaperture, -or rarely protruding; equatorial
outline elliptic if endoaperture Protruding.............ueeeeeiiiieeeiie e, 49
Equatorial. outline ‘oblong-elliptic twith=round polarijends;~endoaperture lalongate
elliptic, endocingula absent..............ocociiii Planchonella obovata type
EquatarialoutlinepCircular ioy ellipticyy or soblongzelliptic;sendacingulum present if
equatorial outline oblong-ellipliC...... ... 50
Grain medium sized, P=33.20-39.20 um........cocoiiiiininnnnn. Diospyros areolata type

Grain very small to small, P=9.50-21.20 pm............ocooeenns Ceriops decandra type



23

4.2 Descriptions of pollen types

4.2.1 Acanthus volubilis type

Pollen class:
Dispersal unit:
Polarity:

P/E ratio:
Shape class:

Size class:

Polar area index:

Polar outline:

Equatorial outline:

Apertures:

Exine:

3-colpate
Monad
Isopolar or subisopolar

(1.31)-1.62-(2.14)

Subprolate to perprolate

e pole

“axis, (21.50)-28.92-(37.40) X
- like, margin distinct, slightly
ward poles, polar ends acute;
1s costae indistinct.
(1.20)-2.15-(2.80) um; sexine thicker
late, distinct, clearly seen

ection, columellae circular

en seen on surface view.

Ornamentatlonﬂ T ﬁﬁﬂﬁw%’wﬁm} ﬁ ﬁetlculate reticulate or
"N an sl

Acanthus ilicifolius L. — m%ﬂﬂammmmm; !,Lfallll‘llillfl, L!,T?llllﬂllﬂ
< < a4 A A

a (nyy ) UNINTY, LIN3Y, IN59 (PAN); wventamvive, wiven
v

Yamueriidu (1 11) (ACANTHACEAE) (Plate 2 A-J)
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Acanthus volubilis Wall. — 13onlamiusinse (ACANTHACEAE)
(Plate 3 A-J)

Key to subtypes:

1a Ornamentation reticulate, lumina irregular in size and shape, polygonal and
oblong, heterobrochate; simplicolumellate (LM); muri smooth, narrower at the
top and sudden broader below; margo present, psilate at the innermost,
arounded by reticulate (SEM); colpus membrane
psilate............o " S el A A Acanthus ilicifolius subtype

10 Ornamentation w Q ....................................... 2

2a Ornamentation pe te; tectum or muri surface uneven
granulate, lumina fd i 4 ! ); opercula present, perforate
to : some grains  opercula
indistinct........0.... & & .o.............Acanthus ebracteatus subtype

2b Ornamentation (0 , ridges at the top, lumina
regular, more or er to the base (SEM); colpus
membrane granulate. ... (T : iiil.. ... Acanthus volubilis subtype
4.2.2 Acrostichum speciosum type

Spore class:

Dispersal unit:

Polarity

= AUEAN SN
iiipjﬁgﬁﬂﬂaﬁﬁiﬁﬂmwawaa

=(28.20)-39.56-(48.00) pm, E=(48.40)-53.80-(60.20) um

Arm length/radius: (0.48)-0.61-(0.77)

Shape:

Tetrahedral to tetrahedral-globose

Laesura: Trilete, indistinct; arm size (0.80)-1.50-(2.80) X (12.50)-16.96-

(22.00) ym



25

Sclerine: Sclerine thickness (1.40)-2.04-(2.50) um; perine thicker or thinner
than exospore.

Ornamentation: Granulate (LM). Finely granulate with rodlets attached to the
surface both proximal and distal surface, or densely granulate on
both proximal and distal surface, granules different in size (SEM).

Included taxa: Acrostichum aureum L. — Usanes, Usela, Uselng); dsinzia

(nans, 18); e (wang-dga) (PTERIDACEAE) (Plate 4 A-J)

Key to subtypes:
1a Ornamentation d late al and distal surface, granules

different in size.... &l & . Vol “iiiieo .. Acrostichum aureum subtype
1o Ornamentation to the surface both proximal

and distal surface............. .'A AL L Y crostichum speciosum subtype

Pollen class:

Dispersal unit:

Polarity: opolar

Zﬁif;‘iiass ﬂufﬁﬁﬂﬁmﬂmm
AW AR NY08LL,

Polar area mdex (0.10)-0.17-(0.22)

Polar outline: Triangular with convex sides to circular-triangular

Equatorial outline: Elliptic to circular-elliptic

Apertures: Colpi, slightly shorter than polar axis, (32.00)-39.48-(53.40) X

(4.30)-7.13-(11.50) ym, wide, margin distinct, widen at equator



Exine:

Ornamentation:

Included taxa:
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and tapering toward poles, polar ends acute or obtuse; colpus
membrane granulate to gemmate.

Tectate imperforate; exine thickness (7.40)-8.48-(10.00) um;
sexine thicker than nexine; columellae distinct, clearly seen on
optical section.

Long gemmate or clavate (LM) with fossulate-granulate terminal
sculpturing, granules and finely gemmae present on tectum
surface.

Aegidlitis rotundifolia Rexbe="1um8 (nana, wile); uay (na1s, Id)

(PLUNMBAGINACEAE) (PIAIE 6 A )

4.2.4 Aglaia cucullata type \
Pollen class: 3-colparate N
Dispersal unit: Monad :
Polarity: gopoler & ‘ 4
P/E ratio: (1.23)-4 .52—(1::_70) J,r_ -
Shape class: Subprolate-to prolatle_";;f:‘:Q‘
Size class: Small = —4

Polar area index:

Polar outline:

Equatorial outline:

Apertures:

Exine:

Ornamentation:

4

< 2P=(17.00)-18.27-(19.80) um, E-(10.80)-12.09-(15.00) ym

{0.66)-0.76-(0.84)

Triangular with straight to convex sides

Oblefg-ellipticwith reundpolar ends

Ectoapertures — colpi, very short, about one third of polar axis,
(5.20)-6:27-(7.50) X£0:30)-0:45-(0:60)j1um, verymarrow or slit-like,
margin distinct, ‘polar ends acute; colpus membrane granulate.
Endoapertures — pori, lalongate elliptic, (2.00)-2.41-(2.80) X
(3.00)-3.77-(5.00), margin distinct; costa endopori present.
Tectate perforate; exine thickness (0.80)-1.14-(1.40) pm; sexine
thicker than nexine; columella invisible under LM.

Psilate on mesocolpia; microreticulate on apocolpia (LM). Psilate

with sparsely perforate on mesocolpia, puncta circular, smaller
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than 0.5 pm; bimicroreticulate on apocolpia, lumina irregular in
size and shape; heterobrochate (SEM).
Included taxa: Aglaia cucullata (Roxb.) Pellegr. — a1 (Glﬁl, i), AudD (nany,

UATAIBITNTIY); LA (s, 18) (MELIACEAE) (Plate 7 A-J)

4.2.5 Allophylus cobbe type

Pollen class: 3-porate

Dispersal unit: Monad

Polarity:
P/E ratio:
Shape class:

Size class:

Polar area index:

Polar outline: flanguls . ‘ to slightly concave sides;

Equatorial outline:
Apertures: lalongate elliptic or subcircular, (3.50)-

Exine: +(1.00)-1.30-(2.00) pm; sexine

cker than nexine; columellae obscure.

Ornamentatlorﬂ u E]:ﬂgsﬂ mﬂnﬁtate lumina irregular in
hape usually po

size an ygonal, decreasmg in size toward

ey Ny AN ANEIAH o, e

@nu); auvlneg (Myaujs, 11il0); maaau (A321)3); mamhu

(Fealny, mile) (SAPINDACEAE) (Plate 8 A-J)

4.2.6 Antidesma ghaesembilla type
Pollen class: 3-colporate

Dispersal unit: Monad



Polarity:
P/E ratio:
Shape class:

Size class:

Polar area index:

Polar outline:

Equatorial outline:

Apertures:

Exine:

Ornamentation:

Included taxa:
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Isopolar

(1.54)-1.69-(1.92)

Prolate

Small

P=(17.00)-18.66-(21.60) um, E=(10.20)-11.07-(12.40) pm
(0.16)-0.23-(0.33)

Triangular to sllghtly trilobate

.00)-1.65-(2.20) X (4.50)-6.03-
ocolpi present.

00)-1.38-(1.80) um; sexine as
; columellae present, clearly seen
istinct-on surface view.

ate-micrareticulate, lumina oblong-

Ant/desma ghaesemb/l/a Gaertn. — un"lmﬂm (%am) U (Wang-

ﬂ u ﬁﬁ%ﬂ Wﬁwfﬁhﬂlﬁ) ?‘ih (@319, A9a); VI

V1 (Glﬁl‘WS) QLN (%umm) me (YUNWI, aIvan)

AR AENTRITTTINENA Y

4.2.7 Ardisia elliptica type

Pollen class:
Dispersal unit:
Polarity:

P/E ratio:

Shape class:

3-colporate
Monad

Isopolar
(0.92)-1.02-(1.14)

Oblate spheroidal to subprolate
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Size class: Small

P=(11.50)-12.48-(13.20) um, E=(10.80)-12.26-(13.40) pm

Polar area index: (0.30)-0.34-(0.41)

Polar outline: Circular to triangular-circular

Equatorial outline: Circular to circular-elliptic

Apertures: Ectoapertures — colpi, slightly shorter than polar axis, (8.80)-9.61-

(10.80) 180 -2.04-(2.40) pm, margin indistinct, widen at

’/Egard poles, polar ends obtuse; colpus

nules; costa ectocolpi present.

equator a

olpl oblong with diffused equatorial

420)—4.66—(5.20) gm,  margin

Exine: 0)-1.16-(1.40) um; sexine as
mella invisible under LM.

Ornamentation: , lumina polygonal, irregular
hate; muri distinctly ridged,

Included taxa: _ , —awlng, NaImeE (guns); aanen

4.2.8 Atalantia monophylla type

*WMSHUﬁ?Wﬁﬂ§WEWﬂi

Dispersal unit:

e W) ﬂmﬁmjﬂfﬁﬂ NYNa Y

tio:
Shape class: Prolate spheroidal to subprolate
Size class: Small

P=(20.20)-22.43-(24.20) um, E=(17.40)-19.64-(21.20) um
Polar area index: (0.30)-0.34-(0.38)
Polar outline: Circular to circular-tetrangular, or circular-pentagular

Equatorial outline: Elliptic to circular-elliptic
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Apertures: Ectoapertures — colpi, slightly shorter than polar axis, (13.40)-
15.80-(19.00) X (1.20)-1.68-(2.20) um, margin distinct, slightly
widen at equator and tapering toward poles, polar ends acute or
obtuse; colpus membrane granulate; costa ectocolpi present.
Endoapertures — colpi, lalongate elliptic, sometimes equatorial
ends diffused, (2.00)-2.39-(2.80) X (4.00)-5.30-(6.20) ym, margin

distinct, some grains endoapertures slightly situated above or

Vy/costa endocolpi present, somewhat
wﬂ .00)-1.51-(1.80) um; sexine

‘ co distinct, clearly seen on surface

Exine:

inct when seen on apocolpium

Ornamentation: ttered minute puncta, puncta

=1

Included taxa: W weelny, 9191)9); ngaulsy

P

v

A7 (Fea vy

ﬂhe

(@31ugi511); nzunwa (18);

ey (Ueuun); ¥zad (1Fealni)

4.2.9 Avicennia alba type

Pollen class: ﬂ u ggdﬂ)'qﬂ EJ ﬂ\ ‘j w EJ r] ﬂ ’j

Dispersal unit:

= WA IUN A INYA Y

P/E ratloq
Shape class: Suboblate to subprolate
Size class: Small to medium sized

P=(21.20)-25.01-(36.00) um, E=(18.00)-25.20-(36.20) um
Polar area index: (0.09)-0.24-(0.44)
Polar outline: Circular-triangular to circular

Equatorial outline: Circular to circular-elliptic



Apertures:

Exine:

Ornamentation:

Included taxa:

Remarks:

in ornamqnlatlon e]6]

ollen grain size and shape. However, it is notic
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Ectoapertures — colpi, slightly shorter than polar axis, (11.50)-
19.99-(30.50) X (3.00)-8.88-(12.80) pm, wide, margin distinct,
widely opened at equator and tapering toward poles, polar ends
acute; colpus membrane granulate. Endoapertures — pori,
circular or subcircular, or rarely lalongate elliptic, (2.50)-8.37-
(12.60) X (3.40)-8.24-(11.20) um, margin distinct.

Tectate perforate; exine thickness (1.80)-2.26-(2.80) um; sexine

' r r thicker than nexine; columellae
' arly seen optical section than on

as thick

u?jﬂﬁw, o1lenl)  (uang-Taanil)

A?ANTHACEAE) (Plate 14 A-J)

ﬂUEJ’WlEJ‘ﬂ‘ﬁWEJ’]ﬂ‘ﬁ

qa ﬁ 'ﬁﬂi TJ“W’T’W‘] f‘“l @eﬂ ce of variation

at many pollen

grains of A. alba have lumina increasing in size toward poles becoming reticulate. Some

pollen grains of A. marina have an ornamentation in finely reticulate. Moreover, many

pollen grains of A. officinalis have psilate ornamentation or very small puncta on

apocolpia.
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4.2.10 Barringtonia racemosa type

Pollen class:
Dispersal unit:
Polarity:

P/E ratio:
Shape class:

Size class:

Polar area index:

Polar outline:

Equatorial outline:

Apertures:

Exine:

3-parasyncolpate

Monad

Isopolar

(1.07)-1.33-(1.64)

Prolate spheroidal to prolate

Small to medium sized

”f)/—n =(24.40)-31.77-(36.60) pm

Trilobate '«'

P=(31.80)-42.

axis, (29.80)-36.68-(49.00) X
istinct, slightly widen at equator

d

anastomosing forming
Ipial field approximately 1 um
in istinct, psilate, appearing like
7 de of margo of two adjacent
pove apocolpium forming a cushion-

Aulate; costa colpi present or

r@thlckness (1.20)-1.72-(2.60)

ectate to tectate perforate exi

AU ] Qﬁlﬁﬂ?ﬁmﬁﬁﬁ e o
L gy Wﬁmw a e

Included taxa:

Barringtonia asiatica (L.) Kurz — 3nnzia; 3nia, laura (18); 91y

(umg—uﬁ%mﬁ) (LECYTHIDACEAE) (Plate 15 A-J)

Barringtonia racemosa (L.) Spreng. — INFIY, IV (NNY.); 1]”%

(umg-uiﬁam) (LECYTHIDACEAE) (Plate 16 A-J)
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Key to subtypes:

1a Columellae indistinct; ornamentation perforate, pores increase in size toward
aperture becoming foveolate................cooeeii. Barringtonia asiatica subtype
1b Columellae distinct; ornamentation perforate, pores distribute regularly and no
difference in size..........ocooiiiiiii Barringtonia racemosa subtype
Remarks:

Acetolyzed pollen grains of \Barmringtonia asiatica subtype seem to be more
shrunken than those of Barringtonia racemosa-subtype although they were prepared
with the same procedure. Sexine at apacolpial field of these two subtype pollen grains

was easily detached from pollenwall.

4.2.11 Caesalpinia crista type : &

Pollen class: 3=Colporate -*
Dispersal unit: Menad | "
Polarity: Isopolar '

P/E ratio: (0.6940.797085)
Shape class: Oblate t(_) :o_bllate sphe@e}l_
Size class: 7 Medium s?zed to Iarged i

/P=(28.40)-35.69-(38.40) um, E=(41,00)-45.14-(50.00) um

Polar area index: (0.13)-0.17-(0.20)

Polar outline: Triangular; planaperturate

Equatorial outline: Elliptic

Apertures: Ectoaperturest — colpi, asslong as polar taxis, (28.40)-35.69-

(38.40) ¢ X5 (15.00)-16194+(17.80)  ym, opened las wide a s
misocolpium, margin distinct, widen at equator and tapering
toward poles, polar ends acute or obtuse; colpus membrane
perforate  to  microreticulate; margo  distinct,  psilate.
Endoapertures — pori, lolongate elliptic with obtuse polar ends,
much smaller than the width of ectoaperture, (6.40)-8.08-(9.80) X

(2.00)-4.88-(7.60) um, margin distinct; costa endopori present.



Exine:

Ornamentation:

Included taxa:

Pollen class:
Dispersal unit:
Polarity:

P/E ratio:
Shape class:

Size class:

Polar area index:
Polar outline:
Equatorial outline:

Apertures:
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Semitectate; exine thickness (3.20)-3.58-(4.00) um; sexine thicker
than nexine; columellae distinct, cleary seen on both surface
view and optical section, columellae circular when seen on
surface view; simplicolumellate.

Reticulate (LM), lumina irregular in size and shape, circular to
oblong and polygonal; heterobrochate; muri psilate (SEM).

Caesalpinia crista L. — M (GIﬁJWi, f919); NDILUD (umg—

toapertures — colpi, slightly shorter than polar axis, (18.40)-

¢ o [ 7
, - Jmnarrow, margin distinct,
AW INEN S

n pering toward poles, polar ends

CVUREN 1o ki wieN 11015} S,

Exine:

acute equatorial ends, or lalongate oblong with obtuse or
diffused equatorial ends, or endocingulum present, (2.40)-4.56-
(6.80) X (9.80)-12.30-(15.50) pum, margin distinct.

Semitectate; exine thickness (2.00)-2.48-(3.00) um; sexine thicker

than nexine; columella invisible under LM.



Ornamentation:

Included taxa:
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Microreticulate (LM), lumina circular, polygonal, and oblong,

irregular in size and shape, Ilumina border angulated;

heterobrochate; muri smooth, narrower at the top and gradually

broader below (SEM).

Calophyllum inophyllum L. — A3z, nseie, Mnses, nMazna
s

(Ma19); N9 (A5D): WIMU (W) a15anga (UsLIunTvus);

3AuuY (Fealv, 1Mile) CALOPHYLLACEAE (Plate 18 A-J)

4.2.13 Calycopteris floribunda type

Pollen class:
Dispersal unit:
Polarity:

P/E ratio:
Shape class:

Size class:

Polar area index:

Polar outline:

Equatorial outline:

Apertures:

Exine:

3-colporate with 3‘—"‘pseudocolpate

Monad
Isopolar \

(0.96)-005-(1:02)

Oblate spheroidal tdi prolate spheroidal

i

Small v 5 4
P=(16.50)-17:83-(19.80) pm, E=(17.20)-18.85-(21.20) um
(0.50Y-0.88:(0:80)" =il

Hexangular; triangular-hexangular, or circular-hexangular;

= =planaperturate

' Elliptic to circular-elliptic

Ectoapertures — colpi, very shot, half length of polar axis, (7.80)-
9:084(10:40) X (0:70)=1 .074(1360) um,y margin distinct, widen at
equator and tapering toward poles, polar ends acute; colpus
membrane-granulate.pEndoapertures porin lalongate elliptic or
somtimes ‘circular, (2.00)-2.81-(3.60) X' (3.40)-3.97-(5.20) um,
margin  distinct; costa endopori present or absent.
Pseudoapertures — colpi, alternate with true apertures, as long as
or slightly longer than ectoapertures.

Tectate perforate; exine thickness (1.60)-1.90-(2.20) um, exine
relatively thin at pseudoaperture; sexine thiner than nexine;

columella invisible under LM.
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Ornamentation: Psilate (LM). Perforate, puncta irregular in size and shape,
puncta circular, elliptic or oblong, puncta smaller than 5 pm
(SEM); pseudoaperture surface psilate (LM), fossulate-perforate
(SEM).

' I 1
o D%

Included taxa: Calycopteris floribunda (Roxb.) Lam. ex Poir. — RNA, FIAIFNE

(mﬁ@); ngm (@wﬁmﬁ); d19Ranwad (NANN); 99TH (TDULAL,

q

a

, o = o = ) PR
Lagl): QQQQQJ (AZAURBNLRLNLNUD, ﬂ?qqu'ﬂ?); JWANUNY,  LHEN

] q

aulan, qlavie); moedu (quasTonil);

Kl

arunul,

a v
i 3993037T); MLty (WAne-azan);
—

- o A al
1ﬁ). w); JULATA (NANY, WATIITANN):

1); ean  (TuWg,  WAIATHIINIT)

4.2.14 Cerbera

Pollen class:

Dispersal unit:

Polarity:

P/E ratio:

Shape class: : oheroid "'""""""""f",’.é
, = 'y

Size class: =

c
I @7
j 4280 -66.01-(75.20) um, E= -70.54-(82.80) um

] uﬁf@iﬂﬁmma v
AR aﬁﬁﬁﬁ; PIANIAALY cero

(63.00) (3.20)-9.57-(21.00) pm, margin distinct, oblong or
widen at equator and sudden tapering toward poles, polar ends
obtuse; margo present, psilate; colpus membrane granulate.
Endoapertures — pori, lolongate elliptic or subcircular, (9.00)-

17.47-(25.00) X (4.00)-13.47-(25.20), margin distinct.



Exine:

Ornamentation:

Included taxa:

4.2.15 Ceriops decandra type .".f.;_:__
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Tectate perforate; exine thickness (1.60)-2.18-(3.00) um; sexine
as thick as or thicker than nexine; columella invisible under LM.
Perforate; granulate or granulate-perforate on mesocolpia (LM).
Perforate, puncta circular or subcircular, puncta smaller than 0.5
pum, fossulate-perforate or verrucate-perforate on mesocolpia
(SEM).

Cerbera manghas L. — awdlansie @amil); Audladn (hang, q
g §5id); ey Aowiy (aqa); Yl (We); 1hadla @319,
AN (Wang- U Lia: §num (QunsyE,  witle)

)

(APOCYNAGCEAE): (Plate.20 A-K)

b4
°

1 < < <
Cerberd otlollam Gaertn. — avilanzia, Awilai, Awidla (nanv),
= : '] a < ~
aud(MINLS): 1ERLNe (UAaNg-uasNa); dea1 (Psel, sTUN)

(APOCYNAGEAE) ('F'}Iaté 21 A-K)

d

Pollen class: 3-colporate _”
Dispersal unit: Monad -~ e
Polarity: “Isopolar

P/E ratio: (0.72)-1.05-(1.55)

Shape class: éUbobIate to prolate

Size class: Very'small to-small

Polar area index:
Polar outline:
Equatorial outline:

Apertures:

P=(9.50)-14.69-(21.20) um, E=(7.80)-14.14-(18.80) um
(0.12)-0:28=(057)

Triangular with slightly concave sides to triangular-circular

Elliptic to circular-elliptic, or oblong-elliptic

Ectoapertures — colpi, slightly shorter than polar axis, (6.40)-
12.69-(21.00) X (0.40)-1.15-(5.00) um, wide or narrow, somewhat
slit-like, margin distinct, slightly widen at equator and tapering
toward poles, polar ends acute or obtuse; colpus membrane

psilate or granulate; costa ectocolpi present. Endoapertures —
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colpi, lalongate elliptic to lalongate oblong, or endocingulum
present, equatorial ends obtuse, acute, or diffused, polar sides
parallel or constrict at the middle part, (1.20)-2.37-(7.80) X (4.20)-
6.49-(10.20) um, margin distinct; costa endocolpi or costa
endocinguli present.

Exine: Tectate imperforate, tectate perforate, somewhat semitectate;
exine thickness (0.60)-1.26-(2.40) um; sexine as thick as or
thinner than nexine; columella invisible under LM.

Ornamentation: Psilater (LM). Microreticulate, sparsely to densely perforate,
puncta smaller than 05 um, or psilate with very small round
depressSionsdess than 0.5 pm«(SEM).

Included taxa: Aegiceras com/&u/atum (L.) Blanco - Buion (nang,
uAg W) i (A, A59); LN (aga); uauiad (guws, 18);
AN (ﬂa-‘m,;ﬁm't‘.ﬂﬁ) (PRIMULACEAE) (Plate 22 A-J)

ol ol

Bruguiera cyUndr/calffL)‘ Blume — 93917 (P58, 5eU09); DIAL
(., by uia, Talse (wang-18); dszdnann Gunsis); 1U3e
Cuageaqa); - lse (i waig-ld); qo (owand)
T {RHIZOPHORACEAE) (Plate 23 A-d).
Bruguiera gymnorrhiza (L.) Savigny — Wam#iguasniad, Wanimd

au, Ldsgdn, dsgdnnass | Indmadigu (naw);  wan

(RHIZOPHORACEAE) (Plate 24 A-J)

Bruguiera parviflora (Roxb.) Wight & Arn. ex Griff. — 2261 GERIR
o @ Y o ~ Aa o
NAN); DINZIA (STUBDY); TINSUN (%umui, UIITNG); aﬂﬂigllﬂ,

wiianszla (Wa1g-14) (RHIZOPHORACEAE) (Plate 25 A-J)

Bruguiera sexangula (Lour.) Poir. — a0 1¥3guaany1?, Uszdnund

o [ 4 a @
, Uszdnvy; wan (guws); 1 Wag-uasne); ssdung


http://www.theplantlist.org/tpl/record/kew-2684048�
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AUNTYI, 9319); WINHIGN (n32l, aF9) (RHIZOPHORACEAE)

(Plate 26 A-J)

Ceriops decandra (Griff.) W. Theob. - Tals9v1) (FYNTIAINT);
Tse, Tlsany, delas, Tnaa (pang); nsziflas, Tias, Tilsq
(IWF31f3); HEANNIUE (aga); TRZEY A%, gia)

(RHIZOPHORACEAE) (Plate 27 A-J)

Ceriops tagal (Perr.) CB.Rob. — Tisauas (aynieag); U39 (nan

2
, AUNTAART); LA (DA, iﬁ') (RHIZOPHORACEAE) (Plate 28 A-J)

\
i

P v Yy o a
Kahdelia j,andet (1_.) Druce — S9nzuil (IUNTYT, TN, 9o

(§un5af5)(RHIZOPHORAGEAE) (Plate 29 A-J)

\ 4

Rhiz0phora <apiculatar Blume — Tnanlmdn (na19); Tnang

(MATTI AN S ARt (n3ed); Wamludn (s
St ik

(RHIZOPHORACEAE) (Plate 30 A-J)

Il

: ;Rhizophora mucronata Lam. — Tﬂﬁmﬂﬂwqj (na); NeIneu
(Fa13, MFTYI); MINNNBN (IW¥31j3); nang (uAslgu); Mmang,

wanlulng (18) (RHIZOPHORACEAE) (Plate 31 A-J)

Key to subtypes:

1a

1o

2a

Ectoaperture, relativelyywide ((3.00):3.92-(5.00) pm " in ;width); endoaperture
sometimes protruding beyond ectoaperture....... Aegiceras corniculatum subtype
Ectoaperture relatively narrow ((0.40)-0.84-(1.80) um in width); endoaperture not
protruding beyond eCIOaPEIUIE. ... .. v e 2
Endocingulum present; grains subprolate to prolate; size class very small to
small, P=(10.20)-11.50-(12.40) um, E=(7.80)-8.35-(9.20) pm; PAI=(0.33)-0.43-
(0.57); equatorial outline elliptic to oblong-elliptic; ornamentation psilate with very

small round depressions smaller than 0.5 um (SEM)..Bruguiera parviflora subtype
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2b Endocingulum present or absent; if endocingulum present, Grains prolate
spheroidal to subprolate; size class small, P=(17.20)-18.69-(21.00) pum,
E=(15.88)-16.65-(18.20) um; PAI=(0.19)-0.26-(0.38);  equatorial  outline
elliptic to circular-elliptic; ornamentation microreticulate or perforate
(SEM) ..t Ceriops decandra subtype
(Including: B. cylindrica; B. gymnorrhiza; B. sexangula; C. decandra; C. tagal,

K. candel, R. apiculata; R. mucronata)

Remarks:

Pollen grains in thisstypelook similar when'see under LM. However, they can be
subdivided into two as demonsirated in the key to subtypes. In Ceriops decandra
subtype, pollen grains of R. apiculata aﬁ]d R. mucronata generally have endocingula,
but sometimes endoapertufes are elliptic oblong with diffused equatorial ends. In case
of endocingulum are not presented,, th;ere% gradience of variation in pollen morphology
in this subtype. It is hard to'distinguish thés§ pollen grains, but it can be noticed that
there are some differences in some érains o;f;ré?'ch species as follow:

1) Under SEM -i__m'vestigation;}-bf:_rliamentation of R. apiculata is densely

perforate ta. mjCrQreticulat"e‘j;;-.C';_decandra, C. tagal, K. candel, and R.

muicronata are densely or sparsely p'ér.forate; B. cylindrica, B.

gymnorrhiza, and B. sexangula are ps’i'llate with very small round
depressions.

2) RPolan outline; of B gymnrormizanB.rsexangula, and R. apiculata is
generally “triangular ‘with “slightly covcave to slightly convex sides
while, ofs, Be.cylindric,; €4 tagak, K, ncandel, and R; mucronata is
generally’ triangular” with "convex ‘sides, and® of “C. decandra is
generally triangular-circular.

3) Equatorial outline of C. decandra and C. tagal are generally
subcircular, of K. candel, R. apiculata and, R. mucronata are
generally circular-elliptic (P>E), and of B. cylindrica, B. gymnorrhiza,
and B. sexangula are generally circular-elliptic (P<E).

4) Size of B. cylindrical and C. tagal is relatively smaller.
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4.2.16 Clerodendrum inerme type

Pollen class:
Dispersal unit:
Polarity:

P/E ratio:
Shape class:

Size class:

Polar area index:

Polar outline:

Equatorial outline:

Apertures:

Exine:

Ornamentation:

Included taxa:

3-colpate

Monad

Isopolar
(0.98)-1.04-(1.11)

Oblate spheroidal to prolate spheroidal

Medium sized

'Ierodendrum /nerme ) Gaertn. — d191, dwgdan, d1an

ﬂ u ﬂﬂ’m) ﬁﬂmiﬂ:w‘mwwau:j (QE}‘):ZZ:\)M |ZZ]ES;) PT:?;
q Wﬂﬂﬁﬂ‘im AN Y

4.2.17 Crinum asiaticum type

Pollen class:
Dispersal unit:
Polarity:

P/E ratio:

Shape class:

2-colpate

Monad

Isopolar
(0.88)-0.99-(1.15)

Suboblate to subprolate
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Size class: Medium sized to large

P=(32.40)-40.35-(51.80) um, E=(35.80)-40.69-(46.70) pm

Polar area index: (0.22)-0.29-(0.33)

Polar outline: Circular to circular-elliptic

Equatorial outline: Circular to circular-elliptic

Apertures: Colpi, (6.00)-10.22-(21.80) X (27.80)-39.44-(45.20) pym, margin

distinct, widen at equator and gradually tapering toward poles,

rane granulate.

Exine: thickness (1.80)-2.19-(2.80) um;
@Ia invisible under LM.
Ornamentation: LN/ NiGr chi to small echinate, area between
Included taxa: lmd” Aslaticus Wae  (nan);  aen  (iMile)
4.2.18 Cynometrara
Pollen class:

Dispersal unit:

Polarity:

P/E ratio:

I {
Shape class: 3blate spheroidal to prolate spheroidal

= UEIETANYID . .
wich LM eivp el PRLE

Equatorial outline: Circular to subcircular

Apertures: Ectoapertures — colpi, slightly shorter than polar axis, (19.00)-
21.62-(26.00) X (2.60)-3.66-(4.80) um, margin distinct, widen at
equator and sudden tapering toward poles, polar ends acute or
obtuse, somewhat fused at poles; costa ectocolpi present;

colpus membrane granulate. Endoapertures — pori, large, circular
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or subcircular, (4.00)-5.03-(7.20) X (4.00)-5.33-(7.20), margin
distinct, slightly protruding, protruding beyond ectoaperture
when open, some grains endoapertures situated near
apocolpium.

Exine: Tectate perforate; exine thickness (1.20)-1.70-(2.00) ym; sexine
as thick as nexine; columella invisible under LM.

Ornamentation: Psilate (LM). Densely perforate, puncta smaller than 0.5 um

//"éy(ﬂmﬂ Taal): 59az, Wiz (naa,
j wﬁ) LU9AY (A319) (FABACEAE)

(SEM).

Included taxa:

Pollen class:

Dispersal unit:

Y2

Polarity: Pl
P/E ratio:

Shape class:

Size class:

_ g )-19.19-(22.40) pm
Polar outline: ﬂ tu ﬂ;‘z’gtﬂ(ﬂ;ﬂ:ﬁ}wrﬂ ’] ﬂ ‘j

Equatorial outhrm

RN T e

and tapering toward poles, polar ends acute; colpus membrane

Polar area index: -0.41-(0.50)

granulate; costa ectocolpi usually present, sometimes indistinct.
Endoapertures — colpi, very large, lalongate oblong-elliptic,
equatorial ends obtuse, (2.20)-3.73-(5.70) X (7.00)-8.13-(10.00),

margin distinct, distinctly protruding beyond ectoaperture even
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endoaperture still colsed; costa endopori present, some grains
costae indistinct.
Exine: Tectate perforate; exine thickness (1.00)-1.37-(1.80) um; sexine

thinner than nexine; columella invisible under LM.

Ornamentation: Psilate (LM). Sparsely perforate, puncta smaller than 0.5 pum
(SEM).
Included taxa: Dalbergia candenatensis (Dennst.) Prain — ana (N9, UIIFNE);

'. ﬁel;]i‘ﬁnl) Lm’mﬂuﬁm (nany, fﬁﬁelgi
%FABACEAE Plate 35 A-J)

Pollen class:
Dispersal unit:
Polarity:

P/E ratio:
Shape class:

Size class:

Polar area index:
Polar outline: riang y ie circuar-triangular;

arpulaperturate

oo BT TATE _ﬁ:ﬁmm .
W amaﬂmﬁmmﬁ:ﬁ;ﬁ::z

granulate; costa ectocolpi present. Endoapertures — colpi,
lalongate elliptic or lalongate oblong, equatorial ends obtuse,
(2.80)-5.00-(8.20) X (6.40)-8.05-(10.50), margin distinct.

Exine: Tectate perforate; exine thickness (0.80)-1.47-(2.00) ym; sexine
as thick as, thiner or thicker than nexine; columella invisible

under LM.
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Ornamentation: Microreticulate (LM). Perforate (SEM).

4
Included taxa: Derris trifoliata Lour. — 29ULDUUN, HAIUNSLA, WOLOD (NAY);

v Y Aa o
DOULDUNSIA (L‘W“]ﬁ“lfi); 09U (UI1TNN); NUUDY (FYNTANATIN)

(FABACEAE) (Plate 36 A-J)

Pongamia pinnata (L.) Merr. — WoU1: MY, 51109 (61691}); 1hn (vang-

o3va1) (FABACEAE) (Plate 37 A-J)

Key to subtypes:

1a Ectoaperture polar ends obtuse;J endoapertures lalongate elliptic or lalongate
oblong; ornamentatien perforate with globule-like granules inside puncta, puncta
irregular in  sizé Jand shépe, circular,  polygonal and  oblong
(SEM)....cocvveere .l 4 SR T AN N . Derris trifoliata subtype

1b Ectoaperture polarsends acute; erwg'joapertures lalongate elliptic; ornamentation
perforate, puncta irgggular in size ::_é}‘_r_l'drshape, circular, polygonal and oblong,
puncta smaller than 0.6 pm (SEM)...';f';{..; .................... Pongamia pinnata subtype
4.2.21 Diospyros areolata-type —4 -

Pollen class: = =3-colporate

Dispersal unit: “Monad

Polarity: ISopolar or heteropolar

P/E ratio: (0.94)4104:(.15)

Shape class: Oblate spheroidal to subprolate

Size class: Medium-sized

P=(33.20)-36.81-(39.20) um, €=(32.40)-35.30-(38.20) pm

Polar area index: (0.15)-0.20-(0.26)

Polar outline: Triangular to circular-triangular

Equatorial outline: Circular to circular-elliptic

Apertures: Ectoapertures — colpi, as long as polar axis or slightly shorter,

(29.40)-32.15-(35.00) X (2.20)-2.60-(3.40) ym, margin distinct,

widen at equator and tapering toward poles, polar ends acute or


http://www.tropicos.org/Name/13051831�

Exine:

Ornamentation:

Included taxa:

Pollen class:
Dispersal unit:
Polarity:

P/E ratio:
Shape class:

Size class:

Polar area index:

Polar outline: ﬂ u

Equatorial outImqll
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obtuse; colpus membrane granulate; costa ectocolpi present.
Endoapertures — colpi, lalongate elliptic, (3.80)-4.83-(7.00) X
(11.20)-13.14-(15.40) um, margin distinct, some grains
endoapertures slightly situated above or below equatorial plane;
costa endocolpi present.

Tectate imperforate; exine thickness (1.40)-1.76-(2.00) pm;

sexine as thick as or thicker than nexine; columella invisible

under LM.
ate (SEM).

mble - 3J°‘Wﬁ°JJ WAL (ha)

80)-38.43-(46.40) pm
16 -0.22-(0.27)

mﬂ NANEINT

"R mmmmﬁmﬁﬁm

Exine:

and gradually tapering toward poles, polar ends acute; colpus
membrane psilate; costa colpi present.

Semitectate; exine thickness (1.20)-1.75-(2.20) um; sexine as
thick as nexine; columellae distinct, clearly seen on both surface

view and optical section; simplicolumellate.
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Ornamentation: Reticulate, lumina irregular in size and shape, lumina circular and
polygonal; heterobrochate (LM); muri psilate (SEM).
Included taxa: Dolichandrone spathacea (L. f.) Seem. — uania (M319); AU

(") (BIGNONIACEAE) (Plate 39 A-J)

4.2.23 Drynaria quercifolia type
Spore class: Monolete
Dispersal unit:
Polarity:
P/E ratio:
Shape class:

Size class:

Arm length/radius:

Shape: 13
Laesura: sfe, distinet; protrudi 0)-1.42-(2.20) X (11.00)-17.59-
Sclerine: rine. thicki , (0.80)+1.16-(1.50) um; perine thiner than

Ornamentation: al. With point end, (0.50)-0.68-

;. area between echinae

ﬂuiﬁ grm**swmw
At ::;11“:;

=}

Mmaaujs);  azlus  (usina,  dw-giund); Wi (4,

Q

U529ATIUT ) (POLYPODIACEAE) (Plate 40 A-H)

4.2.24 Excoecaria agallocha type
Pollen class: 3-colporate

Dispersal unit: Monad
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Polarity: Isopolar

P/E ratio: (0.80)-0.89-(1.02)

Shape class: Suboblate to prolate spheroidal
Size class: Small to medium sized

P=(24.20)-27.45-(30.00) um, E=(23.80)-31.14-(38.80) ym
Polar area index: (0.18)-0.21-(0.26)

Polar outline: Triangular with straight sides to circular-triangular; planaperturate

CO%/ shorter than polar axis, (21.40)-

Equatorial outline: Circular-elli

Apertures:

Exine: (2.20)-0.65-(3.00) um; sexine as

distinct, clearly seen on both surface

59

5 circular when seen on

Ornamentation: %
AULY P ey o o

especially around lumina, narrower at the top and sudden

L AOYIURAIDHANE, o o

Janil) (EUPHORBIACEAE) (Plate 41 A-J)

M|Croret|culae to finely reticulate, lumina

croretlculate

4.2.25 Ficus microcarpa type
Pollen class: 2-porate
Dispersal unit: Monad

Polarity: Subisopolar
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P/E ratio: (0.70)-0.78-(0.88)
Shape class: Oblate to oblate spheroidal
Size class: Very small to small

P=(7.00)-8.09-(9.00) um, E=(9.30)-10.46-(12.50) um
Polar area index: -
Polar outline: Elliptic

Equatorial outline: Elliptic with one slightly convex side and one distinctly convex

!L%Iliptic, (1.20)-1.41-(1.80) X (0.70)-
‘ .—d_
—

Apertures:

Exine: gm; exine stratification
Ornamentation: Psj Ssilate-with une rface (SEM).

Included taxa: ' sarda LA {4 | {\ (umﬁiﬁimw) Insdoo (g

4.2.26 Flagellaria indica-
Pollen class:

Dispersal unit:

Polarity: eteropolar
ﬂ‘ufllf WEI TNHINT
Shape class: boblate to oblate spheroida

YN ammmmma Bl

Polar area index:

Polar outline: Circular or subcircular
Equatorial outline: Circular to circular-elliptic
Apertures: Pori, circular to subcircular, (2.20)-2.73-(3.20) X (2.20)-2.54-

(3.00) um, pore membrane granulate; annulus present.
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Exine: Tectate perforate; exine thickness (1.20)-1.59-(1.80) um; sexine
thicker than nexine; columella invisible under LM.

Ornamentation: Perforate (LM). Uneven with irregular sexine elements in various
polygonal shape and irregular perforate (SEM).

Included taxa: Flagellaria indica L. — vneas (18, u515na); nneduan, ned

(1) (FLAGELLARIACEAE) (Plate 43 A-G)

Pollen class:
Dispersal unit:
Polarity:

P/E ratio:
Shape class:

Size class:

40)-12.45-(25.60) pm
Polar area index:
Polar outline:
Equatorial outline:

Apertures: i <Ecioaper olpi, slightl hoier than polar axis, (12.60)-

W|den at equator and tapenng toward poles, polar ends acute;

ﬂ u ﬁ ANEN TN o oorome

doapertures — pori, circular or subcircular, (1.80)-2.41-(3.00) X

ARSI

than nexine; columellae simplicolumellate, distinct, clearly seen
on both surface view and optical section.

Ornamentation: Microreticulate to finely reticulate, lumina circular, elliptic, or
somewhat polygonal, irregular in size and shape;

heterobrochate; muri psilate (SEM).
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Included taxa: Glochidion littorale Blume — %u1] (953, aawal); unueunzia

(U315¢) (PHYLLANTHACEAE) (Plate 44 A-J)

4.2.28 Heritiera littoralis type

Pollen class: 3-colporate

Dispersal unit: Monad

Polarity: Isopolar or heteropolar

P/E ratio:

Shape class: he . heroidal
Size class:

Polar area index:
Polar outline:

Equatorial outline:

Apertures: 'n. as polar axis or slightly shorter,
\ 92-(1.40) um, margin distinct,
apering toward poles, polar ends
brane granulate; costa ectocolpi
***** ndoapertures — colpi, lalongate elliptic, (1.40)-1.73-
: 8 j argin distinct, some grains
endoapertures shghtly situated above or below equatorial plane.

Exine: ﬂ u ﬁl:ldﬂzw Inneﬁwm f‘f -(1.20) pm; sexine

as thick as o than nexine; colum Iae obscure.

o) :m SNHRIvFY i) (D LN

imgimu); laine (ﬂiz‘u, YUNT); QYU (AF9); weouln (nag,

9Ua31%511) (MALVACEAE) (Plate 45 A-J)

4.2.29 Horsfieldia irya type
Pollen class: 1-colpate

Dispersal unit: Monad



Polarity:
P/E ratio:
Shape class:

Size class:

Polar area index:

Polar outline:

Equatorial outline:

Apertures:

Exine:

Ornamentation:

Included taxa:

52

Heteropolar

(0.75)-0.83-(0.92)

Oblate to oblate spheroidal

Small

P=(12.80)-14.03-(15.20) pm, E=(14.80)-16.90-(19.00) pm

Oblong-elliptic

Triangular. \\\ | longer equatorial side, and slightly
aingula orial side

5—(@.20)—1.68-(2.20) um, margin

obtuse.
30 —1 10-(1.40) um; sexine thicker

e columellae clearly seen on

, irregular in size and shape;

ri psilate (SEM).

L Y
arb. — N378, N38U1, NIWAIU (NNI.);

9 = A
: mm (UASATTITUIY); ADTSULY

qﬁACEAE) (Plate 46 A-J)

, @9R); 813 (9ga); ITHY

“”ﬁﬂﬂ”ﬁf‘%’lﬂﬂﬁﬂﬂ’]ﬂ‘i

Pollen class:

3-colporate

D'Spe"’il“mﬂﬂﬂ“im AN Y

Polarity:
P/E ratio:
Shape class:

Size class:

Polar area index:

Polar outline:

(0.90)-1.04-(1.19)

Oblate spheroidal to subprolate

Medium sized to large

P=(48.80)-56.70-(72.40) um, E=(45.50)-54.75-(62.20) pm
(0.48)-0.55-(0.63)

Circular to circular-triangular
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Equatorial outline: Elliptic to circular-elliptic

Apertures: Ectoapertures — colpi, short, (18.00)-25.72-(33.20) X (4.20)-7.68-
(11.00) um, margin distinct, shape irregular or polygonal-oblong,
polar ends obtuse or acute; colpus membrane granulate.
Endoapertures — pori, shape irregular or polygonal, (8.80)-10.26-
(11.50) X (6.00)-8.70-(12.00) ym, margin (in)distinct.

Exine: Semitectate; exine thickness (8.00)-9.29-(10.40) um; sexine

thicker tha ellae simplicolumellate, distinct, large,
clearl |ew and optical section; on surface
and shape, circular, polygonal,
Ornamentation: polygonal, irregular in size
ri psilate; lumina with free-
4 A
noneta (FIMHNITIU); 3911

Included taxa:

("a19) (FABACEAE) (Plate 47

4231 Leca ) y:uu‘vuuuuoe-u_‘m-

Spore class:

nad

Dispersal unit:

e AU ﬁ“’ﬂp}m“ﬂ‘ﬁ WBINS

P/E ratio:

i;zpjﬁim agztfmmn NN Y

=(24.20)-29.35-(34.80) pm, E=(37.80)-44.57-(48.80) pm
Arm length/radius: -
Shape: Ellipsoidal or boat-shape
Laesura: Monolete, distinct, protruding, (0.80)-1.08-(1.60) X (15.50)-18.19-
(21.00) ym


http://www.theplantlist.org/tpl/record/ild-1524�
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Sclerine: Sclerine thickness (0.80)-1.12-(1.40) um; perine thiner than
exospore.
Ornamentation: Granulate or psilate (LM). Psilate with small globules or mass of

particles on surface (SEM).
Included taxa: Lecanopteris sinuosa (Wall. ex Hook.) Copel. — 9123403 (ANY.,

azuanReald) (POLYPODIACEAE) (Plate 48 A-H)

Pollen class:
Dispersal unit:
Polarity:

P/E ratio:
Shape class:

Size class:

Polar area index:

Polar outline: ular‘or-hexangular, concave on the middle part

Equatorial outline:

‘ ter than polar axis, (15.00)-

71 (27 00) X (2. 40 -3.53-(4. 60) pm margin distinct, widen at

ﬂ u Ermﬂ ﬂdﬂ’ﬂ"ﬁ wfﬂm‘rﬂﬁar ends acute; colpus

membrane granula e. Endoapertures — colpi, lalongate elliptic or

SV BTN gl rop 3 imoy (1101213 A

alternate with true apertures.

Apertures:

Exine: Tectate perforate; exine thickness (1.80)-2.14-(2.80) um; sexine
as thick as or thinner than nexine; columella invisible under LM.
Ornamentation: Perforate (LM and SEM); pseudoaperture surface psilate (LM),

flattened granulate or densely granulate (SEM).


http://www.ipni.org/ipni/idAuthorSearch.do?id=12990-1&back_page=%2Fipni%2FeditSimplePlantNameSearch.do%3Ffind_wholeName%3Dlecanopteris%2Bsinuosa%26output_format%3Dnormal�
http://www.ipni.org/ipni/idAuthorSearch.do?id=4086-1&back_page=%2Fipni%2FeditSimplePlantNameSearch.do%3Ffind_wholeName%3Dlecanopteris%2Bsinuosa%26output_format%3Dnormal�
http://www.ipni.org/ipni/idAuthorSearch.do?id=17415-1&back_page=%2Fipni%2FeditSimplePlantNameSearch.do%3Ffind_wholeName%3Dlecanopteris%2Bsinuosa%26output_format%3Dnormal�
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Included taxa: Lumnitzera littorea (Jack) Voigt — rhauas (nang, Glﬁ}); ANz

(ﬂ'iz‘ﬁ', W331) (COMBRETACEAE) (Plate 49 A-K)

Lumnitzera racemosa Willd. — #ha13 (RA19); N2 (YUNI); YA
(%e3319, g 1une); sha (Na19, W), dwwu (AN, dga); any

Hu (ii”umu?, ©1319) (COMBRETACEAE) (Plate 50 A-K)

Remarks:

Noticeably, under SEM, the detail oF ornamentation between these two species
is quite different. Perforations of L. //ttore?a{ seem. to be smaller than 0.5 pm while those of
L. racemosa are generally.bigger than 0.5 ym and irregular in size and shape - circular,
oblong or polygoanal. Moreover, pollen glllrainS of L. [ittorea have densely granulation on
pseudocolpi, and have triangular—hekangﬁlé{r or hexangular polar outline. Pollen grains

of L. racemosa have pseudocolpi vvith":.l psilate or flattened granulate, and have

hexangular or rarely triangular-hexangular pelaroutline.

4 )

add v ol

4.2.33 Melaleuca cajuputi‘type _"
Pollen class: 3-parasyhcolporate —ﬂ-
Dispersal unit: < Monad
Polarity: “Jsopolar 3
P/E ratio: (0.39)-0.54-(0.73)
Shape class: Perablate to oblate
Size class: Very small to small

R (+20)-8:85+(10.20) suny, E=(13,00): 15:925(19.00) um

Polar area index: (0.29)-0.40-(0:50)

Polar outline: Triangular with straight to concave sides; angulaperturate
Equatorial outline: Elliptic to elliptic-oblong

Apertures: Ectoapertures — colpi, slightly shorter than polar axis, (5.00)-6.28-

(7.00) X (0.20)-0.40-(0.60) um, narrow or slit- like, margin distinct,
slightly widen at equator and tapering toward poles and

anastomosing forming synaperturate with triangular apocolpial
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field; colpus membrane granulate. Endoapertures - colpi,
lalongate oblong with obtuse equatorial ends, (0.60)-0.77-(1.00)
X (3.00)-3.73-(4.60), margin distinct; costa endocolpii present,
somewhat indistinct.

Exine: Tectate imperforate; exine thickness (0.60)-0.84-(1.20) um;

sexine thiner than nexine.

Ornamentation: Psilate (LM). Fossulate-granulate (SEM).
Included taxa: Melaleuca.caj ’//3 L s (na13): e, it (18)
& i/
a

1 ——
Pollen class:
Dispersal unit:
Polarity:

P/E ratio:
Shape class:
Size class:
=(21.50)-18.50-(15.70) ym
Polar area index:

Polar outline:

I
Equatorial outline: grcular to circular-elliptic

Apertures: fa { [ i el h n polar axis, (13.50)-
EJJ u agxm;;—Zﬁ—ﬂjﬂ ‘r;:rgin distinct, widen at

q W’][ aﬁ}ﬂ@jﬁeﬁf e Iﬁpjﬁ ﬁ , pq!airgl acute; colpus

q embrane” e}lga ulate.” E :gJert res’ ——colpi, lalongate

oblong-elliptic with acute equatorial ends, sometimes equatorial

ends diffused, (2.00)-3.99-(6.20) X (5.80)-8.57-(11.00) um,
margin distinct. Pseudoapertures — broad colpi with obtuse polar

ends, alternate with true apertures, as long as ectoaperture.



Exine:

Ornamentation:

Included taxa:
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Tectate to slightly tectate perforate; exine thickness (0.80)-1.00-
(1.20) um; sexine as thick as nexine; columella invisible under
LM.

Psilate (LM). Psilate with very small round depressions less than
0.5 um, or with sparsely minute puncta (SEM); pseudoaperture
surface psilate (LM), finely granulate (SEM).

Melastoma  saigonense (Kuntze) Merr. - TnaanageIu
(azTuoen); Iaaaaatut, (U519u13); e (¥93-AT1R); 1BUM

519145, 98T 155 NO(UEFASTOMATACEAE) (Plate 52 A-K)

-

4.2.35 Nypa fruticans'type

Pollen class:
Dispersal unit:
Polarity:

P/E ratio:
Shape class:

Size class:

Polar area index:

Polar outline:

Equatorial outline:

Apertures:

Exine:

Ornamentation:

1-zena-dperilrate \
Maonad = os
[sogpolar ;- "';‘ ’
(-00)F1 96-(1.94)= =,

Oblate spher}cl)‘idal to'-"s;;;;_k!)brolate
Medium sized _“

P:(32.20):-39‘.71—(48.00-)-'an; E=(31.00)-37.29-(42.50) um

“Gircular to subcircular

Circular to subcircular

Calpiy (1:20)=11454(1480)2 jndin Wwidthy fifg-like, margin distinct;
sulcus membrane psilate.

Semiectatery, exine pthicknessy (1.560):2:.02<(240) um; sexine
(excluded spines) thinner than nexine; columellag distinct, clearly
seen on both surface view and optical section.

Echinate, echinae conical with point end, (1.80)-2.63-(3.40) X
(2.80)-3.93-(5.40) um, area between echinae perforate, finely
foveolate, microreticulate, or reticulate, puncta or lumina irregular
in size and shape, occasionally circular or elliptic, (LM). Echinate,

area between echinae micoreticulate to finely reticulate (SEM).
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(%

Included taxa: Nypa fruticans Wurmb - 910 (PAN); afe (umg-“lﬁ’)

(ARECACEAE) (Plate 53 A-F)

4.2.36 Pandanus odoratissimus type

Pollen class: 1-porate
Dispersal unit: Monad
Polarity: Heteropolar
P/E ratio: (1.15)-1.27-

Shape class:

Subp

Size class:

Polar area index:
Polar outline:
Equatorial outline:

) .84-(3.60) X (1.20)-1.89-(3.20)

Apertures:
> longer axis, not always clearly
Exine: Tectate-“imperforate; . _thickness  (0.80)-1.07-(1.50) um;
er than ‘exine; columella invisible
LY
Ornamentation: ranulate (LM). Microechinate to@chinate, echinae conical with

@]u ‘“nw ﬂ%fﬁ G"Tﬁﬂﬂjgranulate(SEM).

Included taxa: andanus odoratissimus L. f. — a1aen, menza (na); dzniiv,

AT ey

4.2.37 Peltophorum pterocarpum type

Pollen class: 3-colporate
Dispersal unit: Monad

Polarity: Isopolar

P/E ratio: (0.90)-0.95-(1.00)

Shape class: Oblate spheroidal to prolate spheroidal



Size class:

Polar area index:

Polar outline:

Equatorial outline:

Apertures:

Exine:

Ornamentation:

Included taxa:
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Medium sized

P=(30.80)-39.34-(42.40) um, E=(32.20)-41.59-(45.50) um
(0.41)-0.49-(0.53)

Circular to circular-triangular

Elliptic to circular-elliptic

Ectoapertures — colpi, slightly longer than half of polar axis,

(19.40)-23.87-(27.40) X (5.00)-5.86-(7.80) pym, margin distinct,

widen at ring toward poles, polar ends obtuse

or acute; e ' granulate. Endoapertures — pori,
u@.50)—6.20-(8.80) X (5.20)-7.23-
; Nding beyond ectoaperture;
-4.35-(5.20) um; sexine thicker
ched from nexine; columellae

en on both surface view and

olumellae irregular in size and

Jmina polygonal, irregular in size

psilate; lumina with small

Pelto,ohorum ,oterocarpum (DC Backer ex K. Heyne — UUNT

g (w%ﬂz Wﬁwgﬁ’q‘ﬂ ‘ﬁ’m Fluiie), a3y

1 mua) FABACEAE (Plate 55 A- M

ilﬂ’mﬁﬂim UAIAINYA Y

Pemphis acidula

Pollen class:
Dispersal unit:
Polarity:

P/E ratio:
Shape class:

Size class:

ype
(3-)4-colporate

Monad

Isopolar

(1.08)-1.16-(1.39)

Prolate spheroidal to prolate

Small to medium sized
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P=(27.00)-29.59-(35.50) pm, E=(23.00)-25.44-(28.20) pm

Polar area index: (0.31)-0.41-(0.50)

Polar outline: Circular to circular-tetrangular or some grains triangular;
planaperturate

Equatorial outline: Elliptic to circular-elliptic

Apertures: Ectoapertures — colpi, half length of polar axis, (13.00)-15.69-
(18.00) X (2.00)-2.56-(3.20) um, margin distinct, widen at equator

, polar ends acute or obtuse; colpus

apertures — pori, circular or

Exine: (1.20)-1.83-(2.00) pm;
hal llae distinct, clearly seen on
ion, distinct when seen on

Ornamentation:
Included taxa: ' G. Forst. — 1o (’cjim%ﬁmﬁ)

4.2.39 Phoeix :
Pollen class: '—colpate

[ ]

e U AN ENINYINT

Polarity: teropolar

oA dRiEIANa Y

Size class: Small

P=(12.60)-13.97-(16.00) um, E=(14.60)-15.82-(17.80) pm
Polar area index: -
Polar outline: Elliptic
Equatorial outline: Circular-elliptic to elliptic on longer equatorial view, and circular-

elliptic on shorter equatorial view
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Apertures: Colpi, aslong as or slightly shorter than longest equatorial axis
(13.50)-14.03-(15.00) X (2.50)-3.04-(3.80) um, margin distinct,
irregular, outline oblong, ends obtuse; colpus membrane
granulate; margo present, psilate.

Exine: Semitectate; exine thickness (1.00)-1.36-(1.60) um; sexine thicker
than nexine; columellae distinct, more clearly seen on optical

section than on surface view.

Ornamentation: Perforate ’ iculate (LM). Microreticulate or finely

polygonal and different in size;

Included taxa:

4.2.40 Planch
Pollen class:
Dispersal unit:
Polarity:
P/E ratio:

Shape class:

Size class:

Dﬁ Q(ﬁ -15.86-(17.00) pm

Polar area mdﬁ u

Polar outline: aijgorﬂnangular—owoular orqrangg -circular

Equat w ﬁ

Apert:)ri qu aﬁbfjjm vﬂﬁ 15.2 ﬂda f])@XEJ% -0.90-(1.20)

m, narrow, margin distinct, slightly protruding over

21.80)-24.35-(28. 50) pum, E=

endoapertures, polar ends obtuse; colpus membrane granulate.
Endoapertures — colpi, lalongate elliptic, (1.40)-2.23-(3.50) X

(3.20)-4.25-(5.20), margin distinct; costa endocolpi present.



Exine:

Ornamentation:

Included taxa:

Pollen class:
Dispersal unit:
Polarity:

P/E ratio:
Shape class:

Size class:

Polar area index:

Polar outline:

SMa|l et g
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Tectate to slightly tectate perforate; exine thickness (0.80)-1.23-
(1.40) um; sexine thinner than nexine; columella invisible under
LM.

Psilate (LM). Slightly rugulate with sparsely minute puncta on
mesocolpia, puncta circular, smaller than 0.5 um; psilate on
apocolpia (SEM).

Planchonella obovata (R. Br.) Pierre — a1l A, ’cﬁm;]i‘ﬁm)

ly) Tunaae (na1a): fils Taantl): Wanun

'eN) YZAUNTIY (@9va1); auvIU

@TACEAE) (Plate 58 A-J)
'\__ _—

l\"f. ‘/1'1 l.-‘a"’ : _J'

s X 0)-20.43-(25.00) ym

C|rcu|ar circular- trlangular or tnangular with slightly convex sides

Equatorial outlﬁ u ﬂwﬂ wﬂ‘m w a ’] ﬂ ‘j

Apertures:

Eotoapertures — colpi, (8.80)-12.51-(19.20) X (0.80)-1.70-(3.00)

A AT A ey gy s

polar ends acute; colpus membrane gran doapertures —
colpi, lalongate oblong or elliptic with obtuse equatorial ends, or
lalongate rhomboidic with acute equatorial ends and rarely
diffused, (2.50)-3.23-(4.50) X (4.20)-6.23-(9.60) pm, margin

distinct.
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Exine: Tectate perforate; exine thickness (1.20)-1.58-(2.00) um; sexine
thicker than nexine; columellae distinct, clearly seen on both
surface view and optical section.

Ornamentation: Echinate, echinae conical with point end, (2.20)-3.03-(4.00) X
(2.20)-3.33-(4.80) um (LM), puncta present on echinus bases;
area between echinae granulate and perforate, puncta irregular

in size and shape puncta bigger at echinae base, circular,
a smaller than 0.5 um (SEM).
ﬂﬂsmmm (nnu.) (ASTERACEAE)

v vy
3); UQ (A8); e, nuada,

Included taxa:

0A551%) (ASTERACEAE) (Plate

Key to subtypes:
1a Endoapertures ate* ! equatorial ends acute or rarely

diffuse........ PR , A 7 o Melanthera biflora subtype

1b Endoapertures

obtuse........... B —
. PTTT@"’ZTI TNINYINT

elliptic, equatorial ends

Iﬂ ......... Pluchea indica subtype

Spore class:

D|spe Lﬁ

o) ’]ﬂiﬂ:jm 1NIINYIAY
P/E ratlo (0.52)-0.61-(0.75)

Shape class: Oblate to suboblate

Size class: Small to medium sized

P=(22.40)-29.39-(37.50) um, E=(40.20)-47.98-(62.80) um
Arm length/radius: -
Shape: Ellipsoidal or boat-shape
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Laesura: Monolete, indistinct, (0.60)-0.93-(1.50) X (12.80)-19.86-(29.20)
pm.

Sclerine: Sclerine thickness (1.80)-2.23-(3.20) um; perine thicker than
exospore.

Ornamentation: Gemmate and verrucate, gemmae and verrucae different in size;

or echinate, spine shape conical with point end, some echinae

slightly recurved, (5.80)-8.67-(15.50) X (5.80)-8.34-(13.20) pm,

some grai  like large gemmae, gemmae present

= m—

emmae different in size (LM and

Included taxa: — Antln’ln (Feese); Wugded

Key to subtypes:

1a Ornamentatia

'lﬂ-nnnv_llg—enln-"gulllns-_u- J ) rros,a adnascens subtype
10 Ornamentationﬂh e ormlike large gemmae, gemmae

present on area between echinae...................... '...Pyrrosia piloselloides subtype

L AUEANYNTNYINT

accada type

AT AN INeNa Y

Dispersal uni

Polarity: Isopolar

P/E ratio: (0.97)-1.07-(1.16)

Shape class: Oblate spheroidal to subprolate
Size class: Medium sized to large

P=(35.50)-45.90-(50.00) um, E=(36.50)-42.74-(45.50) pm
Polar area index: (0.23)-0.28-(0.31)



Polar outline: Circular or subcircular

Equatorial outline: Circular to circular-elliptic

Ectoapertures — colpi, slightly shorter than polar axis, (26.80)-
37.78-(42.00) X (4.60)-5.91-(8.20) pm, margin distinct, widen at
equator and tapering toward poles, polar ends acute or obtuse;
costa ectocolpi present; colpus membrane finely granulate.

Endoapertures — colpi lalongate elliptic or lalongate oblong,

some grai ends diffused, (4.00)-7.42-(9.50) X

argm distinct;

costae endocolpi

Ornamentation: 4 .. Perforate a ) ate, puncta circular, smaller

Included taxa:

J
4.2.44 Scolopia macrophylla type

*mmsﬂuaqwaﬂﬁwawni

Dispersal unit:

e W) aﬁ‘ﬂﬁ;uywn NYIRE

Shape olass. Oblate spheroidal to prolate
Size class: Small
P=(14.20)-15.56-(17.20) um, E=(12.00)-13.95-(16.40) pm
Polar area index: (0.24)-0.30-(0.33)
Polar outline: Circular-triangular

Equatorial outline: Elliptic to circular-elliptic

oxb. — SN (YUNI); 1131 (Na,

1 (1) (GOODENIACEAE) (Plate 63



Apertures:

Exine:

Ornamentation:

Included taxa:

66

Ectoapertures — colpi, slightly shorter than polar axis, (10.80)-
11.68-(13.50) X (0.80)-1.40-(2.80) um, margin distinct, slightly
widen at equator and tapering toward poles, polar ends acute;
colpus membrane densely granulate; costa ectocolpi present.
Endoapertures — colpi, lalongate elliptic, some grains equatorial
ends diffused, sometimes endoaperture indistinct, (1.20)-1.72-
(2.00) X (2.50)-3.39-(4.20) um, margin (in)distinct.

Semitectate; exine: thickness (0.80)-1.11-(1.50) um; sexine as
thick as or thinner than aexine; columellae obscure.
Microreticulate (L‘K?I), lumina irregular in size and shape, circular,
polygenalkand oblong; muri angulated or smooth, narrower at the
topgandsgradually. ﬁaroader below (SEM).

Scolopié imécrophylla (W. ‘& A) Clos — mﬂmﬁw, AZYUNZLA

(e aan 1ne (glmg-usﬁam) (SALICACEAE) (Plate 64 A-J)

i

4.2.45 Scyphiphora hydrophyllacea type

Pollen class:
Dispersal unit:
Polarity:

P/E ratio:
Shape class:

Size class:

Polar area index:

Polar outline:

Equatorial outline:

Apertures:

3-colporarate 470
Monad -~ =" Sl =

= =iSopoiar

(0.77)-0.89-(0.98)

Suboblate to oblate spheroidal

Small*toimediumisized

P=(18.80)-21.70-(24.00) um, E=(20.50)-24.44-(28.20) pm

(0. 149-0:23+(0.29)

Triangular-CirCular; angulaperturate

Elliptic to circular-elliptic

Ectoapertures — colpi, slightly shorter than polar axis, (14.50)-
18.74-(22.60) X (2.50)-3.36-(3.80) um, margin distinct, widen at
equator and tapering toward poles, polar ends acute; colpus
membrane granulate; costa ectocolpi present. Mesoaperture —

pori, lolongate elliptic or subcircular, (2.50)-5.75-(8.00) X (2.40)-
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3.97-(5.60) um, margin distinct, protruding; costa mesopori
present. Endoapertures — pori, lalongate elliptic with diffused
equatorial ends, (5.20)-8.23-(10.50) X (7.80)-12.35-(15.00) um,
margin distinct; costa endopori present, some grains costae
indistinct.

Exine: Semitectate; exine thickness (1.50)-1.68-(2.20) um, generally

increase toward aperture; sexine thicker than nexine; columellae

distinct, clearly see tical section than on surface view.
Ornamentation: i ticulate reticulate, lumina polygonal or
e, heterobrochate; muri psilate
=S so‘ = %’ (%
Included taxa: aertn. — 31 (NNY.); B (AIFN);

(RUBIACEAE) (Plate 65 A-J)

4.2.46 Sesuviu
Pollen class:
Dispersal unit:
Polarity: ‘ ,
P/E ratio: e R
Shape class: » Sub

Size class: Small

Polar area ind e@ u éﬁgﬁm‘%{w’ﬁ(ﬁ.ﬂ-ﬁw(zmm um
AR AN ANGNa Y

Apertures: Colpi, slightly shorter than polar axis, (16.60)-14.70-(12.20) X
(3.00)-4.83-(6.40) pym, wide, margin distinct, slightly widen at
equator and tapering toward poles, polar ends acute; colpus

membrane granulate.



Exine:

Ornamentation:

Included taxa:

Pollen class:
Dispersal unit:
Polarity:

P/E ratio:
Shape class:

Size class:

Polar area index:

Polar outline:

Equatorial outline:

Apertures:

68

Tectate perforate; exine thickness (0.60)-1.05-(1.50) um; sexine
as thick as or thicker than nexine; columellate distinct, clearly
seen on both surface view and optical section.

Perforate (LM). Granulate-perforate, pore irregular in size and
shape, pore circular or polygonal, pore smaller than 0.5 pm
(SEM).

Sesuvium portulacastrum (L - Wﬂmt'm 1a (L‘w"]ﬁm) UWINY

W Plate 65.A.)

Nz (PYun

=(20.00)-23.16-(26.60) pm

{l
jctoapertures - colp| slightly shorter than polar axis, (20.50)-

ﬂ u EIA\#J% V‘ rgin distinct, widen at
equator anﬁpenng towargjtles pg;r ends acute; margo
«ﬁy a sely granulate;

q w’] aanm ; 15:1 ﬂrﬂjs Cﬂ sometimes

Exine:

indistinct, lalongate elliptic, equatorial ends diffused, (2.00)-3.41-
(5.00) X (3.50)-4.81-(5.80) um, margin distinct or indistinct; costa
endopori present, some grains costae indistinct.

Semitectate; exine thickness (1.80)-1.86-(2.00) um; sexine thicker

than nexine; columellae distinct, clearly seen on both surface
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view and optical section, columellae circular when seen on
surface view.

Ornamentation: Microreticulate, lumina circular or elliptic, different in size (LM);
muri smooth, narrower (SEM).

Included taxa: Shirakiopsis indica (Willd.) Esser — qtuangia, nigNa (NAN); no

1512, ﬁai"ﬂ, 13, N3T, NAN (umg—“ls?f) (EUPHORBIACEAE) (Plate 67

A-J)

Pollen class:
Dispersal unit:
Polarity:

P/E ratio:
Shape class:

Size class:

Polar area index:

Polar outline:

(Ec:lrcular with protruding pore

on each side.

Equatorial outlﬁ u ﬂ rﬂ ?Wﬂo@rﬁhﬁt or barrel-shape.
ori — circular or s

Apertures: ubcircular 7.50) (3.50)-4.56-

MayIATETr

Exine: Tectate; exine thickness (1.80)-2.43-(3.80) um, relatively thicker
at apocolpium; sexine thicker than nexine; columellae distinct,
clearly seen on both surface view and optical section, more
distinct on apocolpium surface view, columellae circular or

polygonal when seen on surface view; irregular in size.
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Ornamentation: Granulate to gemmate; apoporia psilate, columellae present

under tectum on apoporia when see on polar view (LM).
Granulate to gemmate, granules or gemmae irregular in size and
shape; apoporia psilate with sparsely perforate or foveolate

(SEM).

Included taxa: Sonneratia alba Sm. — WMWY (NAN, T9A); 31%ha (Wang-a9a);

1ha (e, eia); YUy (Wang-us131a) (LYTHRACEAE) (Plate 68
A-J)
Sonheralia= caseolarse (L) Engl. - a1y (e,  aiv)

(LYHIRACEAE) (Rlate 69 A-J)

i

' |

Sonnegatia riffithii Kurz. — @ IMNUHY (TUNTYI, ATIA); aIn
nz@ (NY); ’Lci’mwu"‘gﬂmq, aAa) (LYTHRACEAE) (Plate 70 A-J)
Sonnefatia .ovata Backer. — &1WY (DA, @¢a); AU (NAN)

(LYTHRAGEAE) (Plate 24 A-J)

Key to subtypes: =i

1a
1b

2a

2b

3a

Ridges on meéoporium ORI 2
Ridges on mesdborium absent........... ST 3
Polar outline | triangular /with | protruding’ \pere” an-“each side, triangular with
convexity.on the middle part of each side, or 6-lobate; gemmate-fossulate on
SR elandlivn & &1 | 4 19Q AN QN @R Sanheratia alba subtype
Polar outline triangular with protruding pore on each side, triangular with
convexity on the middle part of each side, or hexangular; fossulate on ridge at
A aTSTST0] o o] 1V o ¢ Sonneratia griffithii subtype
Polar outline circular-hexangular or circular with protruding pore on each side, or
triangular with convex sides; equatorial outline elliptic or rhomboidic-elliptic, very

tapering toward apoporium............ccoeee veviiiiinn. Sonneratia caseolaris subtype
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3b Polar outline hexangular or triangular with protruding pore on each side;

equatorial outline elliptic-oblong, or barrel-shape......... Sonneratia ovata subtype

4.2.49 Stenochlaena palustris type

Spore class: Monolete
Dispersal unit: Monad
Polarity: Heteropolar
P/E ratio: (0.50)-0.62-

Shape class:
Size class:
=(35.20)-39.91-(49.20) um

Arm length/radius:

Shape: _

Laesura: | 3.00)-25.42-(32.00) pm.

Sclerine: ' Alleac ﬂ R0 20) um; perine thicker than
Ornamentation: Verr ate'g.;sh@ rA4f ate present only on distal surface,

proxima.l:: ar I lefbaculate area psilate (LM and SEM).

Included taxa: .,..:...r............... alustris (Burm. ) Béedd. — 15 ITIU, NNYDALAY

—_——————————————— "\
i a o
1 ); Ui A (Na’]ﬂ-ﬂzfﬂ); WNNALLAN

11., a1 wﬂﬂﬂua’w (nnuL); A (yzan); CREETR

ﬂuﬁrw ATy reeras
ST ANy s

Dispersal unit: Monad

Polarity: Apolar

P/E ratio: (1.00)-1.03-(1.06)

Shape class: Oblate spheroidal to prolate spheroidal
Size class: Small

Diameter (14.80)-17.06-(18.80) X (14.20)-16.64-(18.50) pm
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Polar area index: -

Outline: Circular or subcircular

Apertures: Pori circular or subcircular, (1.20)-1.65-(2.00) X (1.00)-1.62-(2.00)
Jm; operculum microechinate.

Exine: Tectate perforate; exine thickness (1.50)-1.78-(2.00) ym; sexine

thicker than nexine; columellae distinct, clearly seen on optical

section than on surface view.

Ornamentation: / e and microechinate, pore smaller than

Included taxa: ima (L. I@im (N4, HUBIAY); FNATIN

Pollen class:

Dispersal unit:

PIEl
e b Ji

Polarity:
P/E ratio:

Shape class:

[

g 0 26-(0.34)
Polar outline: ﬂ u ﬁx ﬁwmwg earﬂdior 6-lobate
Equatorial outllrm iptic to circular-e

liptic

M VR R o TRy k1 L

distinct, slightly widen at equator and tapering toward poles,

Size class:

)-13.45-(15.20) um

Polar area index:

polar ends acute; colpus membrane granulate. Endoapertures —
colpi, lalongate elliptic to oblong-elliptic, (1.80)-2.16-(3.00) X
(3.00)-3.57-(4.20) pm, margin distinct. Pseudoapertures — colpi,

alternate with true apertures, as long as ectoaperture.



Exine:

Ornamentation:

Included taxa:

73

Tectate imperforate; exine thickness (0.80)-1.08-(1.20) um;
sexine as thick as nexine; columella invisible under LM.

Psilate (LM). Rugulate with scattered minute puncta, puncta
smaller than 0.5 pm (SEM); pseudoaperture surface psilate (LM),
granulate (SEM).

Terminalia catappa L. — i1 (ANY., mﬁa); Tau (u’iﬁmﬁ); a9
A oo

[ a 4 a
We, dalle (@39); anila (Wugylan, dga); e (uarg-us1sna);

viquils (18, §31195)7511) (COMBRETACEAE) (Plate 74 A-K)

4.2.52 Thespesia populnea type .4

Pollen class:
Dispersal unit:
Polarity:

P/E ratio:
Shape class:

Size class:

Polar area index:

Outline:

Apertures:

Exine:

Polypantoeoiporate

Momad A
Apolar .

1.00401 05)F 1415 : ‘

@blage spheroidal to subprolate
Large to very_il_arge 'r-_f'J:f,_ -

Diameter57:20)-81.24-(111.25) X (54.00)-78.00~(103.75) ym

Il

- (C.L[ClJJaLQLSUb_C.L[ClJJ i b2 —

'Ectoapertures — colpi, very sh:(Zth, slightly longer than

endoapertures, (4.80)-10.58-(19.20) X (0.80)-2.04-(3.50) um,
margin distinct, ends-acute or lobtuse; €alpus membrane psilate
or granulate. Endoapertures — pori, circular or subcircular, (4.00)-
6:59+(9:20) X (4100)6:25+(8.80)y jam,~~margim (distinct; costa
endopori present.

Tectate perforate; exine thickness (2.00)-3.90-(6.40) pm; sexine
(exclude spines) thicker than nexine; columellae distinct, clearly
seen on both surface view and optical section; on surface view
columellae irregular in size and shape, smaller and usually
circular under interspinal area, bigger and polygonal under

spinal base.
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Ornamentation: Echinate, echinae conical with point end, (2.80)-5.22-(9.00) X

(5.50)-11.52-(19.00) um; cushion present at echinus bases,
(6.50)-11.31-(18.20) X (1.40)-2.36-(4.00) pm; area between
echinae perforate to microreticulate (LM), tectum surface with

granules (SEM).

v
Included taxa: Hibiscus tiliaceus L. — engia (haN); VUUUNNT (ta®); U1 (a9

Key to subtypes: = Les -

1a

1o

1) down (A8): derhe (nana, mitle): Aven (ae): Tunza (AN,

LWﬂfiﬁ%) (MALVACEAE)/(Rlate 75 A-H)

-
Thespesia-populnea (1-.).Sal. ex Corréa — Tnnzia (fsfmsln) (hny.,
gl e ahn (Unanil, uamg-usiinm; Yonzwda lns 51915); Yo

sials @i 1i5) (MALVACEAE) (Plate 76 A-H)

i o

Thespasia p(")pu/neé/dés (Roxb.) Kostel. — Innzia (fgﬁuﬂn) ("Nw.
J1n381)3) (MALVACEAE) (Plate 77 A-H)

’ )
A TR

=7
s A

Area between echinae'sparéely perféﬁ’?'é'@ M), punl_lota circular, smaller than 0.5
pm, densely"alneushieﬁ,—tee’fum—swfaee—amﬁst—psﬂ-axté with sparsely distributed
granules (SEM);'grains large to very large, diame;[e’-r=(92.50)—102.00—(111.25) X
(91.25)-99.00-(103.75) UMrr oo ... Hibiscus tiliaceus subtype
Area between '‘echinae’ densely/ perforate 1o mucroreticulate (LM), puncta or
lumina irregular in size and shape, circular, polygonal or oblong, tectum surface
withl 'sparsely) or-déensely granules (SEM); graing llarge; digmeter=(57.20)-70.86-
(99.20) X (54.00)-67.50-(97.80) UM.....ovvrvriininnnnnn. Thespesia populnea subtype

(Including: Thespesia populnea; Thespesia populneoides)

Remarks:

This type can be subdivided in to two subtypes by sizes and the detail of

perforations. Moreover, Aperture number is not exactly counted, but it is noticeable that

Hibiscus tiliaceus subtype seem to have more aperture number rather than Thespesia
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populnea subtype. Within Thespesia populnea subtype, T. populnea grains have
densely perforations on interspinal area while T. populneoides grains have sparsely

perforations on interspinal area.

4.2.53 Xylocarpus rumphii type
Pollen class: (3-)4(-5)-colporate

Dispersal unit: Monad

Polarity: Isopolar
P/E ratio: '
Shape class:
Size class:

.50)-30.28-(37.50) pm
Polar area index:
Polar outline: gular with convex sides
Equatorial outline:
Apertures: han half length of polar axis,
1.02-(1.60) um, margin distinct,
it.equator and tapering toward poles,

embrane psilate; margo

ound ectoaperture, indistinct.

l : {l
g]doapertures - pori, circular or stibcircular, (1.80)-3.00-(4.60) X

ﬂ u ﬁ?w ﬁwuj WE]‘*"‘ 'ﬂ Azosta endopori present,
RRLAE (ke (i

Ornamentatlon Psilate or perforate (LM). Perforate, puncta circular and elliptic,
irregular in size and shape, almost smaller than 0.5 um (SEM).
Included taxa: Xylocarpus granatum J. Koenig. — @2yuUU1, ASYU, NITYUIN

(a4, 18) (MELIACEAE) (Plate 78 A-J)
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Xylocarpus moluccensis (Lam.) M. Roem. - m‘uumﬁ (nanv);

AU (NN, Gls?f) (MELIACEAE) (Plate 79 A-J)

Xylocarpus rumphii  (Kostel.) Mabb. — @ziu (Ra, 18)

(MELIACEAE) (Plate 80 A-L)

Remarks:

There is a variation in aperture berof these three species. Some grains of X.
granatum are 3-aperturate grair S 5-ape jound in X. moluccensis. Some grains
of X. rumphii are 3- and“5-apertur '-Irai ', endopori of X. granatum are
approximately 1.5 as big . % , 5..and X. rumphii.

ﬂUEJ’JVlEJVﬁWEJ’]ﬂ?
QW’]Mﬂ‘iﬂJllW]’JﬂEl']ﬂEl



Table 4 Pollen and spore morphological data of mangrove flora in Thailand (Pol.=Polarity: |=
obl=oblate, sobl=suboblate, obls=oblate spheroidal, pros=prolate spheroidal, spro=s
diameter (E); Size class: SS=very small, S=small, M=medium sized, X=large,
endoaperture presented in polar widthXequatorial width; Exine=exine thickness;

cla=clavate, mech=microechinate, ech=echinate, mrug=microrugulate, rug=ru

arm presented in lengthXwidth;

*=sclerine thickness;

77

4 .
=sulcus size presente

r than 0.5 ym; '=ratio of laesura arm length and spore radius;

polar, H=Heteropolar, A=Apolar; PAl=Polar Area Index; Shape class: pobl=peroblate,

ro=perprolate; PXE=Polar grain size showing mean for polar axis (P) and equatorial

2 .
=size of laesura

Species Pollen class Pol. PAl PIE rail \\\Naperture Endoaperture Exine Ornamentation

i (um) (um) LM SEM
Acanthus ebracteatus 3-colpate I-S 0.26 1.44-1.81 2 - 24.43X1.20 1.2-2.0 mret gra-per-mret
Acanthus ilicifolius 3-colpate I-S 0.38 1.31-2.14 - 31.30X0.86 2.0-2.8 ret ret
Acanthus volubilis 3-colpate | 0.38 1.34-1.48 ‘:,Q.J_-’_‘- { pr ,i" - 31.03X1.43 2.0-2.8 mret mret
Acrostichum aureum trilete H 0.60' 0.58-0.75 - 16.61X1.56° 2.0-2.5° gra gra
Acrostichum speciosum trilete H 061 072085 - 17.30X1.43° 14-2.3° gra gra-rod
Aegialitis rotundifolia 3-colpate | 0.17 0.62-0.95 39.48X7.13 7.4-10.0 gem-cla gem-cla
Aegiceras corniculatum 3-colporate | 0.33 2.66X8.23 0.6-1.0 psi per
Aglaia cucullata 3-colporate | 0.76 2.41X3.77 0.8-1.4 psi, mret per, bmret
Allophylus cobbe 3-porate I-S - o 8. : 4.53X4.01 1.0-2.0 mret rug-mret
Antidesma ghaesembilla 3-colporate | 0.23 1.54—1.@ 18.66X11.07 pro ﬂQZXO.?O 1.65X6.03 1.0-1.8 mret str-mret
Ardisia elliptica 3-colporate | 0.34 0.92-1.14 & &48)(12 .26 obls- 9.61X2.04 1.69X4.66 1.0-1.4 mret mret
Atalantia monophylla 4(-5)-colporate I-H 0.34 2.39-5.30 1.0-1.8 psi fos-per
Avicennia alba 3-colporate | 0.25 ﬂ ﬂ ﬁ ’3 Am ﬂ ﬂj Ow S&J qﬂﬁ 7.95X8.19 1.8-2.2 mret-ret mret-ret
Avicennia marina 3-colporate 0.32 O 85-1.27 23.34X23.41 ‘ sobl-spro — 16.68X6.42 QJB .49X6.88 1.8-2.8 mret-ret mret-ret
Avicennia officinalis 3-colporate X9.66 2.0-2.6 mret mret
Barringtonia asiatica 3-parasyncolpate q w f] ﬁﬁ ﬂim ﬁ%q ‘ai wﬂq a EJX4.40 1.2-2.0 psi-per-fov per-fov
Barringtonia racemosa 3-parasyncolpate - 1.07-1.38 37.45X29.60 pros-pro S- - 34.05X3.71 1.6-2.6 psi-per per

1/
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Table 4 (continued)

78

e

Species Pollen class Pol. PAl PIE ratio Ectoaperture Endoaperture Exine Ornamentation

(um) (um) (um) LM SEM
Bruguiera cylindrical 3-colporate | 0.29 0.88-1.20 - bI-s@.94XO.64 2.04X5.45 0.8-1.2 psi psi-srd
Bruguiera gymnorhiza 3-colporate | 0.23 0.75-0.9 : - 0.97X1.56 2.41X6.42 1.2-1.8 psi psi-srd
Bruguiera parviflora 3-colporate | 0.43 2.79 in width 0.7-1.2 psi psi-srd
Bruguiera sexangula 3-colporate | 0.18 1.91X6.17 1.0-1.5 psi psi-srd
Caesalpinia crista 3-colporate | 0.17 8.08X4.88 3.2-4.0 ret ret
Calophyllum inophyllum 3-colporate | 0.25 4.56X12.30 2.0-3.0 mret mret
Calycopteris floribunda 3-colporate + | 0.68 2.81X3.97 1.6-2.2 psi per

3-pseudocolpate

Cerbera manghas 3-colporate | 0.45 0.89-1.00 53.63X13.87 19.46X15.48 2.0-2.8 per, gra per, fos-per
Cerbera odollam 3-colporate | 0.35 0.92-1.09 51.56X5.26 15.47X11.45 1.6-3.0 per, gra-per per, ver-per
Ceriops decandra 3-colporate | 0.38 0.89-1.07 12.20X1.04 3.34X6.06 1.2-1.8 psi per
Ceriops tagal 3-colporate | 0.29 0.82-0.98 S 8.60X0.50 1.73X5.24 0.8-1.0 psi per
Clerodendrum inerme 3-colpate | 0.43 0.98-1.11 1X3442 L Is-pr e 21.13X2.54 1.4-2.0 gra mech-ech-per
Crinum asiaticum 2-colpate | 0.29 0. Fspro———v-| - / 39.44%10.22° 1.8-2.8 gra mech-ech-mbac
Cynometra ramiflora 3-(syn)colporate I-H 0.16 0.94 y . “J 3.66 5.03X5.33 1.2-2.0 psi per
Dalbergia candenatensis 3-colporate | 0.41 0.91-1. 19.71X @24X2.80 3.73X8.13 1.0-1.8 psi per
Derris trifoliate 3-colporate | 0.50 0.76-1.0 18.35X21.93 sobl-pros 12.45X3.61 3.87X7.23 0.8-1.5 mret per
Diospyros areolata 3-colporate I-H 0.20 0.94-1.15 ¢ #36:81x35.30 obls 32.15X2.60 4.83X13.14 1.4-2.0 psi mstr-rug
Dolichandrone spathacea 3-colpate | 0. 22ﬂ u ﬂ ’g %ﬁ wls%d w ﬂ ’] ﬂ j 31.80X7.68 1.2-2.2 ret ret
Drynaria quercifolia monolete H 50 0.68 31.25X50. 74 17.59X1.42° 0.8-15° ech ech-gra-ver
Excoecaria agallocha 3-colporate | 0.21 80-1.02 27.45X31. 14 sobl-pri 86X2.06 2.2-3.0 mret mret
Ficus microcarpa 2-porate Q W I-] ajﬁ r}j% EA\H u ﬁsr] Ig ﬂ EI I-] a Hﬂ .05 0.7-1.0 psi psi
Flagellaria indica 1-porate H q 0.81-0.99 16.49X18.44 sobl-obls 2.73X2.54 1.2-1.8 per gra-per
Glochidion littorale 4-colporate | 0.38 0.88-1.01 22.02X12.45 sobl-pros S-M 14.56X1.79 2.41X2.54 2.2-2.8 mret-ret mret-ret

8.
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Table 4 (continued)
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Species Pollen class Pol. PAl PIE ratio Ectoaperture Endoaperture Exine Ornamentation
(um) (um) (um) LM SEM
Heritiera littoralis 3-colporate I-H 0.28 0.92-1.01 13.66X0.92 1.73X3.84 0.6-1.2 gra gra-rug
Hibiscus tiliaceus polypantocolporate A - 1.00-1.09 7.91X2.41 7.48X7.27 4.2-6.4 echi-per echi-gra-per
Horsfieldia irya 1-colpate - - 12.85x1.68° 0.8-1.4 mret mret
Intsia bijuga 3-colporate | 0.55 25.72X7.68 10.26X8.70 8.0-10.4 ret ret
Kandelia candel 3-colporate | 0.18 4.42X0.90 2.13X7.83 1.2-1.8 psi per
Lecanopteris sinuosa monolete H - - 18.19X1.08° 0.8-1.4° psi-gra msp-glb
Lumnitzera littorea 3-colporate + | 0.23 5.98X8.60 1.8-2.8 per per
3-pseudocolpate
Lumnitzera racemosa 3-colporate + | 0.28 0.84-1.11 19.14X4.04 4.81X5.89 1.2-1.8 per per
3-pseudocolpate
Melaleuca cajuputi 3-parasyncolporate | 0.40 0.39-0.73 6.28X0.40 0.77X3.73 0.6-1.2 psi fos-gra
Melanthera biflora 3-colporate | 0.48 0.70-0.90 14.30X1.08 3.15X7.26 1.4-2.0 ech ech-gra-per
Melastoma saigonense 3-colporate + | 0.14 0.89-1.20 68XA8B0 - 15.68X2.63 3.99X8.57 0.8-1.2 psi psi-srd-per
3-pseudocolpate
Nypa fruticans 1-colpate - 1.45 in width 1.5-24 ech-per-fov- ech-mret-ret
mret-ret
Pandanus odoratissimus 1-porate H - 1.15-1.39  17.86X14.15 spro-pro S - 2.84X1.89 0.8-1.5 gra mech-echi-gra
Peltophorum pterocarpum 3-colporate | 0.49 0.90-1.00 ‘ #30:34x41.59 obls- . 6.20X7.23 3.5-5.2 ret ret
Pemphis acidula (3-)4-colporate | 0.41 ﬂ1u 3& ’a % ﬁ w Sﬂ ’] 5.41X5.58 1.2-2.0 psi psi
Phoenix paludosa 1-colpate H - ﬂ) 81-1.03 13.97X15. 82 sobl-pros S - 14.03X3.04° 1.0-1.6 per-mret mret-ret
Planchonella obovata 3(-4)-colporate | 0.52 1.47-1.74 24.35X15. 86 SM 17.46x0.90 0 034, 0.8-1.4 psi rug-per
Pluchea indica 3-colporate | W r]oai @ ﬂ ?m H%q 13 WE%X-] a %(}6 19 1.2-2.0 ech ech-gra-per
Pongamia pinnata 3-colporate | q 0.29 0.71-1.13 21.35X23.05 obl-pros S- 18.28X2.26 6.12X8.87 1.4-2.0 mret per
Pyrrosia adnascens monolete H - 0.52-0.75  26.08X43.93 obl-sobl S-M - 19.90-0.90° 1.8-2.2° gem-ver gem-ver

6.
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Table 4 (continued)

\\:\\‘\\ ! ize Ectoaperture Endoaperture Exine Ornamentation
Species Pollen class Pol. PAI P/E ratio PXE

" cla cla (um) (um) (um) LM SEM
Pyrrosia piloselloides monolete H - 0.59-0.72 ol T——— - 19.81X0.95° 2.0-32° gem-ech gem-ech

Rhizophora apiculata 3-colporate | 0.27 1.03-1.24 . : 9.06X0.84 2.76 in width 1.0-1.4 psi per-mret
Rhizophora mucronata 3-colporate | 0.25 1.04-1. 3.38X1.00 1.89 in width 1.6-2.4 psi per

Scaevola taccada 3-colporate | 0.28 0.97-1.16 J - > 37.78X5.91 7.42X20.69 2.8-3.2 psi gra-per
Scolopia macrophylla 3-colporate | 0.30 0.90-1. .68X1.40 1.72X3.39 0.8-1.5 mret mret

Scyphiphora hydrophyllacea 3-colpororate | 0.23 . f j v 18.74X3.36 8.23X12.35 1.5-2.2 mret mret

Sesuvium portulacastrum 3-colpate | 0.25 - 14.70X4.83 0.6-1.5 per gra-per
Shirakiopsis indica 3-colporate | 0.21 . . 4 3. 2.44X1.83 3.41X4.81 1.8-2.0 mret mret
Sonneratia alba 3-porate | - 1.30-1.77 . &&g “epi - 4.50X4.26 3.0-3.8 gem, psi gem, gem-fos-
DA per
Sonneratia caseolaris 3-porate | - 1.16-1.42 - 5.21X5.08 1.8-2.6 gem, psi gem, psi
Sonneratia griffithii 3-porate | - 1.26-1.60 4.23X4.56 1.8-2.6 gem, psi gem, fos-per, per
Sonneratia ovate 3-porate | - 3.48X4.34 1.8-2.4 gem, psi gem, fov
Stenochlaena palustris monolete H - 25.42X2.20° 1.42.2° ver-bac ver-bac
Suaeda maritime polypantoporate A - 1.65X1.62 1.56-2.0 gra mech-per
Terminalia catappa 3-colporate + | 0.26 2.16X3.57 0.8-1.2 psi rug-per
3-pseudocolpate 7

Thespesia populnea polypantocolporate A - 1.01-1.09 ‘ 79.68X76.60 proﬁ""I L 14.89X2.38 7.22X6.43 2.0-4.5 ech-per-mret ech-gra-per
Thespesia populneoides polypantocolporate A - ﬂ1%.1 QO%Q wls— row ﬂ .93X1.3 5.08X5.04 3.0-4.0 ech-per-mret ech-gra-per
Xylocarpus granatum (3-)4-colporate | 0.50 @.88-1 .08 32.88X32.94 sobl-pros M 12.31X1.15 4.02X4.32 0.8-1.2 psi-per per
Xylocarpus moluccensis 4(-5)-colporate | 0.54 0.93-1.14 30.20X29.82‘ obls-spro M 9.35x1.00 % 25x2.42 1.0-1.4 psi, per per
Xylocarpus rumphii (3-)4(-5)-colporate Q W f]o ; psi, per per

W

9
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Plate 1 Acanthus ebracteatus Vahl: (A) Polar view, (B) Equatorial view, colpus, (C) Equatorial
view, mesocolpium, (D) Equatorial view, surface surface, (E) Polar view, surface, (F) Equatorial
view, colpus, (G) Equatorial view, mesocolpium, (H) Polar view, optical section, (I) Optical

section under colpus, (J) Optical section under mesocolpium (A-D: SEM; E-J: LM).
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Plate 2 Acanthus ilicifolius L.: (A) Polar view, (B) Equatorial view, colpus, (C) Equatorial view,

mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F) Equatorial view, colpus,
(G) Equatorial view, mesocolpium surface, (H) Polar view, optical section, (I) Optical section

under colpus, (J) Optical section under mesocolpium (A-D: SEM; E-J: LM).
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2. B808

Plate 3 Acanthus volubilis Wall.: (A) Polar view, (B) Equatorial view, colpus, (C) Equatorial
view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F) Equatorial view,
colpus, (G) Equatorial view, mesocolpium surface, (H) Polar view, optical section, (I) Optical

section under colpus, (J) Optical section under mesocolpium (A-D: SEM; E-J: LM).
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2. 0808

Plate 4 Acrostichum aureum L.: (A) Equatorial view, (B) Polar view, proximal side, laesura (C)
Polar view, distal side, (D) Distal side, surface, (E) Equatorial view, surface, (F) Polar view,
laesura, (G) Polar view, distal side, surface, (H) Equatorial view, optical section, (I) Proximal

side, optical section, (J) Distal side, optical section (A-D: SEM; E-J: LM).
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Plate 5 Acrostichum speciosum Willd.: (A) Equatorial view, (B) Polar view, proximal side,

laesura (C) Polar view, distal side, (D) Distal side, surface, (E) Equatorial view, surface, (F)
Polar view, laesura, (G) Polar view, distal side, surface, (H) Equatorial view, optical section, (I)

Proximal side, optical section, (J) Distal side, optical section (A-D: SEM; E-J: LM).
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Plate 6 Aegialitis rotundifolia Roxb.: (A) Polar view, (B) Equatorial view, colpus, (C) Equatorial
view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F) Equatorial view,
colpus, (G) Equatorial view, mesocolpium surface, (H) Polar view, optical section, (I) Optical

section under colpus, (J) Optical section under mesocolpium (A-D: SEM; E-J: LM).
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Plate 7 Aglaia cucullata (Roxb.) Pellegr.: (A) Polar view, (B) Equatorial view, colporus, (C)

Equatorial view, mesocolpium, (D) Polar view, surface, (E) Polar view, surface, (F) Equatorial
view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view, optical section,
(I) Optical section under colporus, (J) Optical section under mesocolpium at costa endopori

(A-D: SEM; E-J: LM).
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Plate 8 Allophylus cobbe (L.) Raeusch.: (A) Polar view, (B) Equatorial view, porus, (C)
Equatorial view, mesoporium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, porus, (G) Equatorial view, mesoporium surface, (H) Polar view, optical
section, (I) Optical section under porus, (J) Optical section under mesoporium (A-D: SEM; E-J:

LM).
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Plate 9 Antidesma ghaesembilla Gaertn.: (A) Polar view, (B) Equatorial view, colporus, (C)

Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium at

costa ectocolpi and costa endopori (A-D: SEM; E-J: LM).
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Plate 10 Ardisia elliptica Thunb.: (A) Polar view, (B) Equatorial view, colporus, (C) Equatorial

view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F) Equatorial view,
endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view, optical section, (1)
Optical section under colporus, (J) Optical section under mesocolpium at costa ectocolpi (A-

D: SEM; E-J: LM).



l,iu_r_n ‘ tem BE1013

Plate 11 Atalantia monophylla DC.: (A) Polar view, (B) Equatorial view, colporus, (C)
Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view of 4-aperturate
grain, optical section, (F) Equatorial view, endoaperture, (G) Equatorial view, mesocolpium
surface, (H) Polar view of 5-aperturate grain, optical section, (I) Optical section under

colporus, (J) Optical section under mesocolpium at costa ectocolpi (A-D: SEM; E-J: LM).



Plate 12 Avicennia alba Blume: (A) Polar view, (B) Equatorial view, colporus, (C) Equatorial

view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F) Equatorial view,
endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view, optical section, (1)

Optical section under colporus, (J) Optical section under mesocolpium (A-D: SEM; E-J: LM).
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Plate 13 Avicennia marina (Forssk.) Vierh. : (A) Polar view, (B) Equatorial view, colporus, (C)

Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium (A-

D: SEM; E-J: LM).
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Plate 14 Avicennia officinalis L.: (A) Polar view, (B) Equatorial view, colporus, (C) Equatorial
view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F) Equatorial view,
endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view, optical section, (1)

Optical section under colporus, (J) Optical section under mesocolpium (A-D: SEM; E-J: LM).
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Plate 15 Barringtonia asiatica (L.) Kurz: (A) Polar view, (B) Equatorial view, colpus, (C)
Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, colpus, (G) Equatorial view, mesocolpium surface, (H) Polar view, optical
section, (I) Optical section under colpus, (J) Optical section under mesocolpium (A-D: SEM; E-

J: LM).
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Plate 16 Barringtonia racemosa (L.) Spreng.: (A) Polar view, (B) Equatorial view, colpus, (C)
Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, colpus, (G) Equatorial view, mesocolpium surface, (H) Polar view, optical
section, (I) Optical section under colpus, (J) Optical section under mesocolpium (A-D: SEM; E-

J: LM).
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Plate 17 Caesalpinia crista L.: (A) Polar view, (B) Equatorial view, colporus, (C) Equatorial

view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F) Equatorial view,
endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view, optical section, (1)

Optical section under colporus, (J) Optical section under mesocolpium (A-D: SEM; E-J: LM).
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Plate 18 Calophyllum inophyllum L.. (A) Polar view, (B) Equatorial view, colporus, (C)
Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture lalongate elliptic with acute ends, (G) Equatorial view,
endocingulum under mesocolpium, (H) Polar view, optical section, (I) Optical section under

colporus, (J) Optical section under mesocolpium at costa ectocolpi (A-D: SEM; E-J: LM).
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Plate 19 Calycopteris floribunda (Roxb.) Lam. ex Poir.: (A) Polar view, (B) Equatorial view,

colporus, (C) Equatorial view, pseudocolpus, (D) Equatorial view, pseudocolpus surface, (E)
Surface between true and pseudoaperture, (F) Polar view, surface, (G) Equatorial view,
endoaperture, (H) Equatorial view, pseudocolpus surface, (l) Polar view, optical section, (J)

Optical section under colporus, (K) Optical section under pseudocolpus (A-E: SEM; F-K: LM).
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Plate 20 Cerbera manghas L.: (A) Polar view, (B) Equatorial view, colporus, (C) Equatorial

view, mesocolpium, (D) Equatorial view, mesocolpium surface, (E) Polar view, surface, (F)
Polar view, surface, (G) Equatorial view, endoaperture, (H) Equatorial view, mesocolpium
surface, (I) Polar view, optical section, (J) Optical section under colporus, (K) Optical section

under mesocolpium (A-E: SEM; F-K: LM).
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Plate 21 Cerbera odollam Gaertn.: (A) Polar view, (B) Equatorial view, colporus, (C) Equatorial
view, mesocolpium, (D) Equatorial view, mesocolpium surface, (E) Polar view, surface, (F)
Polar view, surface, (G) Equatorial view, endoaperture, (H) Equatorial view, mesocolpium
surface, (I) Polar view, optical section, (J) Optical section under colporus, (K) Optical section

under mesocolpium (A-E: SEM; F-K: LM).
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Plate 22 Aegiceras corniculatum (L.) Blanco: (A) Polar view, (B) Equatorial view, colporus, (C)
Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium at

costa ectocolpi and costa endopori (A-D: SEM; E-J: LM).
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Plate 23 Bruguiera cylindrica (L.) Blume: (A) Polar view, (B) Equatorial view, colporus, (C)
Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium at

costa ectocolpi and costa endopori (A-D: SEM; E-J: LM).
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Plate 24 Bruguiera gymnorhiza (L.) Savigny: (A) Polar view, (B) Equatorial view, colporus, (C)
Equatorial view, mesocolpium, (D) Oblique polar view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium at

costa ectocolpi and costa endopori (A-D: SEM; E-J: LM).
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Plate 25 Bruguiera parviflora (Roxb.) Wight & Arn. ex Griff.: (A) Polar view, (B) Equatorial
view, colporus, (C) Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view,
surface, (F) Equatorial view, endocingulum, (G) Equatorial view, mesocolpium surface, (H)
Polar view, optical section, (I) Optical section under colporus, (J) Optical section under

mesocolpium at costa ectocolpi and costa endopori (A-D: SEM; E-J: LM).


http://www.theplantlist.org/tpl/record/kew-2684048�
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Plate 26 Bruguiera sexangula (Lour.): (A) Polar view, (B) Equatorial view, colporus, (C)

Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium at

costa ectocolpi and costa endopori (A-D: SEM; E-J: LM).
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Plate 27 Ceriops decandra (Griff.) W. Theob.: (A) Polar view, (B) Equatorial view, colporus,
(C) Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium at

costa ectocolpi and costa endopori (A-D: SEM; E-J: LM).
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Plate 28 Ceriops tagal (Perr.) C.B. Rob.: (A) Polar view, (B) Equatorial view, colporus, (C)

Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium at

costa ectocolpi and costa endopori (A-D: SEM; E-J: LM).
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Plate 29 Kandelia candel (L.) Druce: (A) Polar view, (B) Equatorial view, colporus, (C)

Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium at

costa ectocolpi and costa endopori (A-D: SEM; E-J: LM).
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Plate 30 Rhizophora apiculata Blume: (A) Polar view, (B) Equatorial view, colporus, (C)
Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endocingulum, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium at

costa ectocolpi and costa endopori (A-D: SEM; E-J: LM).
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Plate 31 Rhizophora mucronata Lam.: (A) Polar view, (B) Equatorial view, colporus, (C)

Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endocingulum, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium at

costa ectocolpi and costa endopori (A-D: SEM; E-J: LM).



112

Plate 32 Clerodendrum inerme (L.) Gaertn.: (A) Polar view, (B) Equatorial view, colpus, (C)

Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, colpus, (G) Equatorial view, mesocolpium surface, (H) Polar view, optical
section, (I) Optical section under colpus, (J) Optical section under mesocolpium (A-D: SEM; E-

J: LM).
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Plate 33 Crinum asiaticum L.. (A) Polar view, (B) Shorter equatorial view, (C) Longer

equatorial view, (D) Equatorial view, surface, (E) Polar view, colpus, (F) Shorter equatorial
view, surface, (G) Longer equatorial view, surface, (H) Polar view, optical section, (I) Shorter
equatorial view, optical section, (J) Longer equatorial view, optical section (A-D: SEM; E-J:

LM).
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Plate 34 Cynometra ramiflora L.: (A) Polar view, (B) Equatorial view, colporus, (C) Equatorial

view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F) Equatorial view,
endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view, optical section, (1)
Optical section under colporus, (J) Optical section under mesocolpium at costa ectocolpi (A-

D: SEM; E-J: LM).
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Plate 35 Dalbergia candenatensis (Dennst.) Prain: (A) Polar view, (B) Equatorial view,

colporus, (C) Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view,
surface, (F) Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H)
Polar view, optical section, (I) Optical section under colporus, (J) Optical section under

mesocolpium at costa ectocolpi (A-D: SEM; E-J: LM).
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Plate 36 Derris trifoliata Lour.: (A) Polar view, (B) Equatorial view, colporus, (C) Equatorial
view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F) Equatorial view,
endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view, optical section, (1)
Optical section under colporus, (J) Optical section under mesocolpium at costa ectocolpi (A-

D: SEM; E-J: LM).
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Plate 37 Pongamia pinnata (L.) Merr.: (A) Polar view, (B) Equatorial view, colporus, (C)
Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium at

costa ectocolpi (A-D: SEM; E-J: LM).


http://www.tropicos.org/Name/13051831�

118

Plate 38 Diospyros areo/aa King & Gamble: (A) Polar view, (B) Equatorial view, colporus, (C)
Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium at

costa ectocolpi and costa endopori (A-D: SEM; E-J: LM).
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Plate 39 Dolichandrone spathacea (L. f.) Seem.: (A) Polar view, (B) Equatorial view, colpus,

(C) Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, colpus, (G) Equatorial view, mesocolpium surface, (H) Polar view, optical
section, (I) Optical section under colpus, (J) Optical section under mesocolpium at costa colpi

(A-D: SEM; E-J: LM).
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Plate 40 Drynaria quercifolia (L.) J. Sm.: (A) Polar view, laesura, (B) Shorter equatorial view,
(C) Longer equatorial view, (D) Equatorial view, surface, (E) Polar view, lagsura, (F) Polar view,
optical section, (G) Longer equatorial view, surface, (H) Longer equatorial view, optical

section (A-D: SEM; E-H: LM).
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Plate 41 Excoecaria agallocha L.: (A) Polar view, (B) Equatorial view, colporus, (C) Equatorial
view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F) Equatorial view,
endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view, optical section, (1)
Optical section under colporus, (J) Optical section under mesocolpium at costa ectocolpi (A-

D: SEM:; E-J: LM).
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Plate 42 Ficus microc' L. f.: (A) Shorte o’-\! (B) Longer equatorial view,

Equahaal view, surface, D) Shorter eqmtorial view, porus, (E) Shorter

mesoporium,

equatorial view, optical seﬁlag Longer equatorial view, mesoporium surface, (G) Longer
equatorial view Ej
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Plate 43 Flagellaria

Equatorial view, surfac I Equatorlal view, optical sectio F Polar view, porus, (G) Polar

view, optical Seﬁn (A-C: E-m-D G:L
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http://www.theplantlist.org/tpl/record/kew-246142�
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Plate 44 Glochidion littorale Blume: (A) Polar view, (B) Equatorial view, colporus, (C)

Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium (A-

D: SEM; E-J: LM).
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Plate 45 Heritiera littoralis Aiton: (A) Polar view, (B) Equatorial view, colporus, (C) Equatorial
view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F) Equatorial view,
endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view, optical section, (1)
Optical section under colporus, (J) Optical section under mesocolpium at costa ectocolpi (A-

D: SEM; E-J: LM).
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Plate 46 Horsfieldia irya (Gaertn.) Warb.: (A) Polar view, (B) Colpus, (C) Longer equatorial

view, (D) Equatorial view, surface, (E) Polar view, colpus, (F) Shorter equatorial view, surface,
(G) Longer equatorial view, surface, (H) Polar view, optical section, (I) Shorter equatorial view,

optical section, (J) Longer equatorial view, optical section (A-D: SEM; E-J: LM).
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Plate 47 Intsia bijuga (Colebr.) Kuntze: (A) Polar view, (B) Equatorial view, colporus, (C)

=1

Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium (A-

D: SEM; E-J: LM).


http://www.theplantlist.org/tpl/record/ild-1524�
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Plate 48 Lecanopteris sinuosa ( Wall. ex Hook. ) Copel.: (A) Polar view, laesura, (B) Shorter
equatorial view, (C) Longer equatorial view, (D) Equatorial view, surface, (E) Polar view,
laesura, (F) Polar view, optical section, (G) Longer equatorial view, surface, (H) Longer

equatorial view, optical section (A-D: SEM; E-H: LM).


http://www.ipni.org/ipni/idAuthorSearch.do?id=12990-1&back_page=%2Fipni%2FeditSimplePlantNameSearch.do%3Ffind_wholeName%3Dlecanopteris%2Bsinuosa%26output_format%3Dnormal�
http://www.ipni.org/ipni/idAuthorSearch.do?id=4086-1&back_page=%2Fipni%2FeditSimplePlantNameSearch.do%3Ffind_wholeName%3Dlecanopteris%2Bsinuosa%26output_format%3Dnormal�
http://www.ipni.org/ipni/idAuthorSearch.do?id=17415-1&back_page=%2Fipni%2FeditSimplePlantNameSearch.do%3Ffind_wholeName%3Dlecanopteris%2Bsinuosa%26output_format%3Dnormal�
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Plate 49 Lumnitzera littorea (Jack) Voigt: (A) Polar view, (B) Equatorial view, colporus, (C)
Equatorial view, pseudocolpus, (D) Equatorial view, pseudocolpus surface, (E) Surface
between true and pseudoaperture, (F) Polar view, surface, (G) Equatorial view, endoaperture,
(H) Equatorial view, pseudocolpus surface, (I) Polar view, optical section, (J) Optical section

under colporus, (K) Optical section under pseudocolpus (A-E: SEM; F-K: LM).
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Plate 50 Lumnitzera racemosa Willd.: (A) Polar view, (B) Equatorial view, colporus,

Equatorial view, pseudocolpus, (D) Equatorial view, pseudocolpus surface, (E) Surface
between true and pseudoaperture, (F) Polar view, surface, (G) Equatorial view, endoaperture,
(H) Equatorial view, pseudocolpus surface, (I) Polar view, optical section, (J) Optical section

under colporus, (K) Optical section under pseudocolpus (A-E: SEM; F-K: LM).
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Plate 51 Melaleuca cajuputi Powell: (A) Polar view, (B) Equatorial view, colporus, (C)
Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium (A-

D: SEM:; E-J: LM).
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Plate 52 Melastoma saigonense (Kuntze) Merr.: (A) Polar view, (B) Equatorial view, colporus,
(C) Equatorial view, pseudocolpus, (D) Equatorial view, pseudocolpus surface, (E) Surface
between true and pseudoaperture, (F) Polar view, surface, (G) Equatorial view, endoaperture,
(H) Equatorial view, pseudocolpus surface, (I) Polar view, optical section, (J) Optical section

under colporus, (K) Optical section under pseudocolpus (A-E: SEM; F-K: LM).
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Plate 53 Nypa ﬂﬁ Ej ﬁg w%% %EW EJar]eﬂﬁEquatorlal view, surface,

(D) Colpus, (E) Equatorial view, surface (F) Optical sect|on under colpus (A-C: SEM; D-F: LM).
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Plate 54 Pandanus odoratissimus L. f.: (A) Equatorial view, (B) Polar view, porus (C) Surface,
side view, (D) Surface, top view, (E) Equatorial view, surface, (F) Equatorial view, optical

section, (G) Polar view, surface, (H) Polar view, optical section (A-D: SEM; E-H: LM).
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Plate 55 Peltophorum pterocarpum (DG‘ ) Backer ex KsHeyne: (A) Polarview, (B) Equatorial
o R VAR 3R U D TN B, © v
view of s%xmeless grain, (F) Polar view, surface, (G) Equatorial view, endoaperture, (H)
Equatorial view, mesocolpium surface, (I) Polar view of sexineless grain, surface, (J) Polar
view, optical section, (K) Optical section under colporus, (L) Optical section under
mesocolpium, (M) Polar view of sexineless grain, optical section at costa endoppori (A-E:

SEM; F-M: LM).
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Plate 56\Peinphis . 2 JR e}l : ' v B ). . (C)

Equatoriaﬂ view, mesocolpium, (D) Equatorial view, surface, (E) Polar view of 4-aperturate
grain, surface, (F) Polar view of 3-aperturate grain, surface, (G) Equatorial view, endoaperture,
(H) Equatorial view, mesocolpium surface, (I) Polar view of 4-aperturate grain, optical section,
(J) Polar view of 3-aperturate grain, optical section, (K) Optical section under colporus, (L)

Optical section under mesocolpium (A-D: SEM; E-L: LM).
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Plate 57 Phoenix paludosa Roxb.: (A) Polar view, (B) S.hor‘[er equatorial view, (C) Longer
equatorial view, (D) Equatorial view, surface, (E) Polar view, colpus, (F) Shorter equatorial
view, surface, (G) Longer equatorial view, surface, (H) Polar view, optical section, (I) Shorter
equatorial view, optical section, (J) Longer equatorial view, optical section (A-D: SEM; E-J:

LM).
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Plate 58 Planchonella obovata (R.Br.) Pierre: (A) Polar view, (B) Equatorial view, colporus, (C)

Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view of 3-
aperturate grain, optical section, (I) Optical section under colporus, (J) Polar view of 4-

aperturate grain, optical section (A-D: SEM; E-J: LM).
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Plate 59 Melanthera biflora (L.) Wild: (A) Polar view, (B) Equatorial view, colporus, (C)
Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium (A-

D: SEM; E-J: LM).



Plate 60 Pluchea indica (L.) Less.: (A) Polar view, (B) Equatorial view, colporus, (C) Equatorial

view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F) Equatorial view,
endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view, optical section, (1)

Optical section under colporus, (J) Optical section under mesocolpium (A-D: SEM; E-J: LM).
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Plate 61 Pyrrosia adnascens (Sw.) Ching: (A) Polar view, laesura, (B) Shorter equatorial view,
(C) Longer equatorial view, (D) Equatorial view, surface, (E) Polar view, laesura, (F) Polar view,
optical section, (G) Longer equatorial view, surface, (H) Longer equatorial view, optical

section (A-D: SEM; E-H: LM).



142

Plate 62 Pyrrosia piloselloides (L.) M.G. Price: (A) Polar view, laesura, (B) Longer equatorial
view, echinate (C) Longer equatorial view, gemmate, (D) Equatorial view, surface, (E) Polar
view, laesura, (F) Polar view, optical section, (G) Longer equatorial view, surface, (H) Longer

equatorial view, optical section (A-D: SEM; E-H: LM).
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Plate 63 Scaevola taccada (Gaen.) Roxb.: (A) Polar view, (B) Equatorial view, colporus, (C)
Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium at

costa ectocolpi and costa endopori (A-D: SEM; E-J: LM).
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Plate 64 Scolopia macrophylla (W. & A.) Clos: (A) Polar view, (B) Equatorial view, colporus,
(C) Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium at

costa ectocolpi (A-D: SEM; E-J: LM).
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Plate 65 Scyphiphora hydrophyllacea C.F. Gaertn.: (A) Polar view, (B) Equatorial view,
colpororus, (C) Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view,
surface, (F) Equatorial view, mesoaperture and endoaperture, (G) Equatorial view,
mesocolpium surface, (H) Polar view, optical section, (I) Optical section under colpororus, (J)

Optical section under mesocolpium at costa ectocolpi (A-D: SEM; E-J: LM).
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Plate 66 Sesuvium portulacastrum (L.) L.: (A) Polar view, (B) Equatorial view, colpus, (C)

Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, colpus, (G) Equatorial view, mesocolpium surface, (H) Polar view, optical
section, (I) Optical section under colpus, (J) Optical section under mesocolpium (A-D: SEM; E-

J: LM).
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Plate 67 Shirakiopsis indica (Willd.) Esser: (A) Polar view, (B) Equatorial view, colporus, (C)
Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, endoaperture, (G) Equatorial view, mesocolpium surface, (H) Polar view,
optical section, (I) Optical section under colporus, (J) Optical section under mesocolpium at

costa ectocolpi and costa endopori (A-D: SEM; E-J: LM).
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Plate 68 Sonneratia alba Sm.: (A) Polar view, (B) Equatorial view, porus, (C) Equatorial view,

mesoporium, (D) Equatorial view, surface on ridge on mesoporium, (E) Polar view, surface, (F)
Equatorial view, porus, (G) Equatorial view, mesoporium surface, (H) Polar view, optical
section, (I) Optical section under porus, (J) Optical section under mesoporium (A-D: SEM; E-J:

LM).
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Plate 69 Sonneratia caseolaris (L.) Engl.: (A) Polar view, (B) Equatorial view, porus, (C)
Equatorial view, mesoporium, (D) Equatorial view, surface, (E) Polar view, surface, (F)
Equatorial view, porus, (G) Equatorial view, mesoporium surface, (H) Polar view, optical
section, (I) Optical section under porus, (J) Optical section under mesoporium (A-D: SEM; E-J:

LM).



150

L iilzz y
sd

Plate 70 Sonneratia griffithii Kurz: (A) Polar view, (B) Equatorial view, porus, (C) Equatorial
view, mesoporium, (D) Equatorial view, surface on ridge on mesoporium, (E) Polar view,
surface, (F) Equatorial view, porus, (G) Equatorial view, mesoporium surface, (H) Polar view,
optical section, (I) Optical section under porus, (J) Optical section under mesoporium (A-D:

SEM; E-J: LM).
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Plate 71 Sonneratia ovata Backer: (A) Polar view, (B) Equatorial view, porus, (C) Equatorial
view, mesoporium, (D) Equatorial view, surface, (E) Polar view, surface, (F) Equatorial view,
porus, (G) Equatorial view, mesoporium surface, (H) Polar view, optical section, (I) Optical

section under porus, (J) Optical section under mesoporium (A-D: SEM; E-J: LM).



152

180um 1402902

lem 1409084

Plate 72 Stenochlaena palustris (Burm. f.) Bedd. : (A) Polar view, laesura, (B) Shorter
equatorial view, (C) Longer equatorial view, (D) Equatorial view, surface, (E) Polar view,
laesura, (F) Polar view, optical section, (G) Longer equatorial view, surface, (H) Longer

equatorial view, optical section (A-D: SEM; E-H: LM).



153

Plate 73 Suaﬁ ﬁﬂafg.wlt})ﬂﬁ wstfaﬂﬁpantopon (B) Surfac,

microechinate-pétforate, ( Operculum microechinate, (D) Pori, Surfaoe granulate, (F)
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Plate 74 Terminalia catappa L.: (A) Polar view, (B) Equatorial view, colporus, (C) Equatorial

view, pseudocolpus, (D) Equatorial view, pseudocolpus surface, (E) Polar view, surface, (F)
Polar view, surface, (G) Equatorial view, endoaperture, (H) Equatorial view, pseudocolpus
surface, (I) Polar view, optical section, (J) Optical section under colporus, (K) Optical section

under pseudocolpus (A-E: SEM; F-K: LM).
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Plate 75 Hibiscus tiliaceus L.: (A) Whole grain, echinate, (B) Colporus, (C) Perforation and

granulation on interspinal area, (D) Perforation on cushion, (E) Ecotocolpus, (F) Endoporus,

(G) columellae under tectum at interspinal area and cushion, (H) Optical section (A-D: SEM; E-

H: LM).
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Plate 76 Thespesia populnea (L.) Sol. ex Corréa: (A) Whole grain, (B) Colporus, (C)
Ornamentation echinate, (D) Surface on interspinal area, (E) Ecotocolpus, (F) Endoporus, (G)
columellae under tectum at interspinal area and cushion, (H) Optical section (A-D: SEM; E-H:

LM).



Plate 77 Thespesia populneoides (Roxb.) Kostel.: (A) Whole grain, (B) Colporus, (C)
Ornamentation echinate, (D) Surface on interspinal area, (E) Ecotocolpus, (F) Endoporus, (G)
columellae under tectum at interspinal area and cushion, (H) Optical section (A-D: SEM; E-H:

LM).
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Plate 78 Xylocarpus granatum J. Koenig: (A) Polar view, (B) Equatorial view, colporus, (C)
Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view of 4-aperturate
grain, optical sction, (F) Equatorial view, endoaperture, (G) Equatorial view, mescolpium
surface, (H) Polar view of 3-aperturate grain, optical section, (I) Optical section under

colporus, (J) Optical section under mesocolpium (A-D: SEM; E-J: LM).
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Plate 79 Xylocarpus moluccensis (Lam.) M. Roem.: (A) Polar view, (B) Equatorial view,
colporus, (C) Equatorial view, mesocolpium, (D) Equatorial view, surface, (E) Polar view of 4-
aperturate grain, optical sction, (F) Equatorial view, endoaperture, (G) Equatorial view,
mescolpium surface, (H) Polar view of 5-aperturate grain, optical section, (I) Optical section

under colporus, (J) Optical section under mesocolpium (A-D: SEM; E-J: LM).
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Plate 8@ 'F"_: ¥, o i ...B.'.! ;." Po =l_II =J quato Iw, colporus, (C)

Equatoriaﬂ view, mesocolpium, (D) Equatorial view, surface, (E) Polar view of 4-aperturate
grain, surface, (F) Polar view of 3-aperturate grain, optical section, (G) Equatorial view,
endoaperture, (H) Equatorial view, mesocolpium surface, (I) Polar view of 4-aperturate grain,
optical section, (J) Polar view of 5-aperturate grain, optical section, (K) Optical section under

colporus, (L) Optical section under mesocolpium (A-D: SEM; E-L: LM).



CHAPTER V

DISCUSSION AND CONCLUSION

5.1 General pollen and spore morphology
There is a considerable variation in pollen and spore morphology of mangrove
flora in Thailand. It can be divided into 53 pollen and spore types and 22 subtypes

based, mainly, on characteristic of apertures, size, shapes and ornamentations etc.

5.1.1 Polarity e

While all mangrove ferns.have heteropolar spores, most flowering plants have
isopolar pollen grains. Apelar pollen gréﬁns are found in the Thespesia populnea type
which has polypantocolperaté grans, and the Suaeda maritima type which has
polypantoporate grains. Heteropo_lar:ity fg fpund in. monocolpate pollen grains of
Horsfieldia irya type and Phoenix pa/udos;'{ype, as well'as monoporate pollen grains of
Flagellaria indica type and Pé-n!q;?nus 'éé__o_‘rét/ss/mus type. However, in Atalantia
monophylla type, Cynometfa ramiflora-type, rﬂiospyros areolata type, and Heritiera

littoralis type, with generally isopotar and cq?éQtate grains, some grains of which have

endoapertures that did not situate on equator but shift mor’? or less toward poles. Thus,

they are categorized n-heteropolar pollen grains. Subisopofar pollen grains are found in
Ficus microcarpa type."Pollen grains of Acanthus volubllis type and Allophylus cobbe

type are generally isopelar but some, grains,aregsubisopelar:

5.1.2 Polar area.index

Thel polar ‘@rea“index ‘of Jpollen™grains cafl vary from ivery small (0.14 as in
Melastoma saigonense (Kuntze) Merr.) to large (0.76 as in Aglaia cucullata (Roxb.)
Pellegr.). Besides, apocolpial field of Barringtonia racemosa type pollen grains are very

small and are approximately 1 ym in diameter.
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5.1.3 Shape and outline

Fern spores are generally in peroblate (as in Stenochlaena palustris (Burm. f.)
Bedd.) to suboblate shape class (as in Acrostichum aureum L., Acrostichum speciosum
Willd., Lecanopteris sinuosa (Wall. ex Hook.) Copel. , and Pyrrosia adnascens (Sw.)
Ching). Shape of monolete spores is ellipsoidal or boat-shape while shape of trilete
spores is tetrahedral to tetrahedral-globose.

For flowering plants, shape class is varying from peroblate (as in Melaleuca
cajuputi Powell) to perprolate (as intAeanthus ilicifolius L.).

The polar outlines of pollen grains generallyvary from triangular (to hexangular)
with concave to convex sides to eircular, or 6-lobate; or somewhat elliptic (as in Ficus
microcarpa L. f.) to oblong-elliptici(@as in Horsfieldia irya (Gaertn.) Warb.).

The equatorial outlinessof pollen \grians can vary from oblong-elliptic (P>E) to
circular to elliptic (P<E)#Far monoporaté pollen grains, there are two planes of
equatorial axis length“(longer and shorter?eq_uatorial axis). In Horsfieldia irya (Gaertn.)
Warb., equatorial outling'is triangular-with ffliat—to_p on longer equatorial view, and slightly
quadrangular on shorter equatorial yievv. Ir{j‘JZﬂ?t;c.)en/X paludosa Roxb., equatorial outline
is circular-elliptic to elliptic on+loager equaféﬁej,# view, and circular-elliptic on shorter

equatorial view. ] =
5.1.4 Size
The range of size (average size of each species)-of pollen grains and spores of
mangrove plant-species in-Thailand is+very-wide; It is.from, very small (8.09 uym as in
Ficus microcarpa, L. t.) to very large<(102.00"um as i Hibiscus 'tiliaceus L.). Most pollen

grains and_spores are small to.medium_ sized.

5.1.5 Aperture

For fern spore, laesurae are categorized into two laesura types, monolete (one
laesura) and trilete (three laesurae or triradiate laesura).

For flowering plants, apertures are categorized into three main apertural types

and their derivatives.
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First, porate aperture type, aperture number of this aperture type is one (as in
Flagellaria indica type and Pandanus odoratissimus type), two (as in Ficus microcarpa
type), three (as in Allophylus cobbe type and Sonneratia griffithii type), and
polyaperturate (as in Suaeda maritima type).

Second, colpate aperture type, aperture number of this type is one (as in
Horsfieldia irya type, Phoenix paludosa type, or ring-like aperture in Nypa fruticans
type), two (as in Crinum asiaticum type), and three (as in Clerodendrum inerme type,
Dolichandrone spathacea type, and Sesuvium:portulacastrum type).

Third, colporate aperture type, the majorityof pollen grains are in this aperture
type. Aperture number of this type is three 0 five"or somewhat polyaperturate (as in
Thespesia populnea type).

Fourth, heterocolpate saperture lype, pollen  grains comprise three colpori
alternated with three colpif(asfin Ca/ycopie?/s floribunda type, Lumnitzera littorea type,
Melastoma saigonense type, and Termina/% eatappa type).

Last, 3-colpororate, polien grains (::_gmgrise ectoapertures, mesoapertures, and

endoapertures (as in Scyphiphora hxdrophﬁ/j@gea type).

=,

5.1.6 Exine or sclerine-- = g~

For fern sper€s, perispore is_easily detached fram./grains. Sometimes, spore

have smooth surface instead of ornamented wall. The sclerine thickness is 0.8 pm (as in
Drynaria quercifolia (L.Y'J. Sm. and Lecanopteris sinuosa (Wall. ex Hook.) Copel.) to 3.2
um (as in Pyrrosia pileselloides(lsy) MiGs Rrice):

For flowering plants, pollen grains are tectate imperforate, tectate perforate and
semitectate. sUnderlight, micrescopy; infratectal layershas.columellaesand clearly seen
on both surface view and optical’section. But in many species columellae seen to be
indistinct, so scanning or transmission electron microscopy may help to ascertain the
detail or exine stratification. The exine thickness is 0.6 um (as in Aegiceras corniculatum
(L.) Blanco, Heritiera littoralis Aiton (W. & A.) Clos, Melaleuca cajuputi Powell, and
Sesuvium portulacastrum (L.) L.) to 10.4 ym (as in Intsia bijuga (Colebr.) Kuntze). The

sexine is usually thicker than the nexine, somewhat the sexine is as thicker as or thinner
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than nexine. In some case (as in Sonneratia griffithii type), exine at apocolpia is thicker

than exine at other parts of grains.

5.1.7 Ornamentation

There are so many kinds of ornamentation of mangrove plant pollen grains and
spores, but they can be grouped into three forms. The first one is the present of lumina
or puncta on tectum. This form includes perforate, foveolate, microreticulate, reticulate,
and fossulate pattern. The second form is;various kinds of projections, i.e. echinate,
microechinate, baculate, microbaculate, < elavaley granulate, verrucate, gemmate,
rugulate, microrugulate, striate;as well as the present of rodlets, globules and mass of
particles on surface. The last iorm is no sculpturing which is called psilate. The
combination of each pattem can/occur In many cases, e.g., Pluchea indica type has

echinate ornamentation, apél has perforations present on area between echinae.

_—

v
5.1.8 Comparing'with the prewous researches
This study found that pollen gralns o*fperbera manghas L. and Cerbera odollam
v ol
Gaertn. (Apocynaceae) have lolongate elliptic Of subcircular endoapertures, But Sittha

(2007) reported that pollen grains_of.these twa.__spgcies have lalongate elliptic to elliptic-

circular endoapertures: Moreover, this study reported 'that the ornamentation on

mesocolpia is different from other area, which was not reported in Sittha's study.

The pollen grains of Glochidion littorale Blume (Phyllantaceae) and Melastoma
saigonense (Kuntze) Merr. {Melastomataceae) in this ;study-are-a little bit different from
those in previous 'study’ (Chantaranothai, 1997;" Kasetsinsombat, 1999) in size and
shape.

For'pollensvof plants in Rhizophoraceae, there are<some/differences between
this study and Boonsermsuk’s study (1987). Boonsermsuk reported that pollen grians of
Bruguiera spp. have perforate or rugulate-perforate ornamentation while pollen grains of
those in this study have psilate ornamentation with very small round depressions.
Besides, Boonsermsuk did not report the present of endocingula in pollen grains of
Bruguiera parviflora (Roxb.) Wight & Arn. ex Griff., Rhizophora apiculata Blume, and

Rhizophora mucronata Lam., which are found in this study.



165

5.2 Combination of pollens and spores in mangrove sediment

In mangrove sediment, many pollen and spore types can be found, such as
Acanthus volubilis type, Acrostichum speciosum type, Aegialitis rotundifolia type,
Avicennia alba type, Ceriops decandra type, Excoecaria agallocha type, Lumnitzera
littorea type, Nypa fruticans type, Phoenix paludosa type, Scyphiphora hydrophyllacea
type, Sonneratia griffithii type, and Xylocarpus rumphii type. The combination of these

pollen and spore types can indicate that sediment is from mangrove habitat.

5.3 Ecological influence to tectum

Excluding fern spores-oi-seven«fern species;-it is noticeable that pollen grains
from 29 species of true mangrove species of flowering plants included in this study,
there are pollen grains from™S spécies are tectate imperforate, 13 species are tectate
perforate with very small and minute: puncta, and 11 species is semitectate which are
microreticulate to reticulate with rather sma,’.ldl sjﬁ_ze lumina.

Besides, these kindsiof characters‘jare also found in pollen grains of mangrove
associates. There are only 6 (Caesa/,om/a qr/sta L., Dolichandrone spathacea (L. f.)

i

Seem., Glochidion littorale” Blume, Horsﬂelgz@ irya (Gaertn.) Warb., Intsia bijuga

(Colebr.) Kuntze, and Peltophorum pz‘erocarp_’q_fﬁ (DC.) Backer ex K. Heyne) species of

flowering plants of smangrove associates from=44 sp_eCi_es of flowering plants of

mangrove associates; which have pollen grains with widely opened microreticulate or
reticulate ornamentation.

There are some, researches, reporting ,correlation between tectum and abiotic
factors or environment. "High' "temperature "can affect “wall architecture on
microsporagenesis_(Porch and.Jahn, 2001; Koti et al., 2005), Hebda“'& Lott (1973, cited
in Rowley, " 1976: "48) ‘reportéd “that ‘av variation ‘of ‘exine’ ornamentation related to
environment. Higher temperature could cause the development of larger lumina relative
to narrower muri (microreticulate) while lower ones cause smaller lumina relative to wider
muri (foveolate). This effect is also similar to pollen grains of Eurasiatic species of the
genus Buxus (Buxaceae). Pollen grains of this genus which have verrucate or pilate

ornamentation as well as wide-mesh reticulate pattern are restricted to subtropics or
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tropics with higher temperature while pollen grains which have finer reticulation are
found in north or northwest regions with lower temperature (Briickner, 1993).

From the reports as mentioned above, they demonstrate that there is a
correlation between temperature and tectal characterristic of pollen grains. However, the
effect of climate condition to mangrove vegetation is not yet understood. Mangal occur
in areas where the average annual temperature is at or above 18°C (Chapman, 1976;
1977, cited in Giesen et al., 2006: 14). Many true mangrove species have morphological
and physiological adaptation to inundation, high salinity and unstable soil, i.e.,
pneumatophores, salt glands, and stilt roois ete. (Hovenden and Allaway, 1994,
Paliyavuth, Clough, and Patanaponpaiboon, 2004: Evans, Okawa, and Searcy, 2005).

There is no certain_research reporting about the direct effect of salinity to tectal
characteristic. However, Ambwani and Kdmar (1993) found that plants in genus Licuala
(Arecaceae) which distribdte in saline water condition have pollen grains with coarser

_—

reticulate pattern than'those in‘fresh water condition. Their result is not concordant with
/

the result from this study.

5.4 Conclusion o _-“

Because of variation of-taxa:in diffe'rénijanks included in this study, there is a
considerable variationzof pollen and spore morphology-of imangrove flora in Thailand. It
can be divided into 53 pollen and spore types and 22'éubtypes based mainly on
characteristic of apertures, size, shapes and ornamentations etc.

The caorrélationgbetween rteetalpeharacteristic jand«abiatic factors in mangrove
habitats is still @bscure. But the result from this study suggests that pollen grains of
mangrove species seem, to-have closed, tectums

This research is'the' first time to“study mangrove "‘pollen flora=of Thailand. The
result of this study gives rise to an idea about pollen and spore types of mangrove flora
in Thailand. Moreover, the constructed key to pollen and spore types, the pollen and
spore type descriptions, and permanent slides of pollen grains and spores can be used

as a tool to identify mangrove plant species in Thailand to which unknown pollen grains

and spores belong.
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