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Pollen morphology of 21 species of the family Bombacaceae, distributed
over 12 genera, has been described. Out of these 21 species as many as 15
distinet pollen types, based on aperture as major and sexine pattern as
subsidiary characters, have been recognized. An attempt has also been
made to see how far palynology of Bombacaceae helps in its taxonomy and
throws light on the evolutionary trends. The family is eurypalynous and
shows relationship with Malvaceae, Sterculiaceae and Tiliaceae. The
diversified characters of the sporomorphs provide an important basis for
generic and specific delimitations.

INTRODUCTION

Taxonomically family Bombacaceae has met with differential treatment
by various workers. Bentham and Hooker (1862) included it as a tribe
under Malvaceae, whereas Schumann (1890a) raised it to the family status.
Hutchinson (1959) split up pre-existing order Malvales into two orders,
Tiliales and Malvales and treated Bombacaceae as an independent family
under order Tiliales. Similarly, subtribe Fremontieae had been included
by Bentham and Hooker in Malvaceae while Schumann (1890b) put it under
family Sterculiaceae.

The diversified opinions regarding the status of the family Bombacaceae
drew the attention of many palynologists. Erdtman (1952) studied this
family extensively and suggested further investigations in order to show
whether Bombacaceae merits the rank of separate family or not. Hutchinson
(1959) while dealing with the systematics of this family gave a passing remark
as ‘pollen smooth’. Robyns (1963) worked out some species of Bombaz.
Tsukada (1964) has given an illustrated account of this family dealing with
fossil and modern tropical pollen and provided an exhaustive key for the
various genera studied by him. In India some of the species have been worked
out by Sayeeduddin ef al. (1942), Venkata Rao (1954), Nair (1962), Choudhuri
and Mallik (1965) and Choudhuri (1965). The palynological survey has
revealed the eurypalynous nature of the family. The pollen grains are very
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typical and could provide very useful data for the delimitation of various
genera, etc., and subsequently help solving many stratigraphical and taxo-
nomical problems.

In the present study about 21 species distributed over 12 genera have
been investigated.

MATERIAL AND METHOD

The polliniferous material investigated largely comprises the herbarium
material, collected from the Central National Herbarium, Calcutta. Fresh
polliniferous material of some of the species has been collected from the Indian
Botanic Garden, Calcutta. Some of the foreign species, marked with an
asterisk, have also been investigated and data tabulated (see Table I) along
with the Indian species. The number given below each species in Table I
is the collector’s number and, wherever the collector’s number is not available,
the Central National Herbarium accession number is mentioned.

Pollen preparations have been made according to Erdtman’s method of
acetolysis and the permanent pollen slides examined deposited in the Sporo-
theca of the Botanical Survey of India. Pollen morphological observations
have been recorded with the help of light microscopy (Olympus, FFETr-1
model). The measurements are based on an average of 25 pollen grains.
The photomicrographs are, as a rule, enlarged to X 1000, unless otherwise
mentioned. Figures have been drawn at X1600. The mode of description
and terminology followed are the same ag reported earlier (Vishnu-Mittre
and Sharma 1962; Sharma 1969a¢ and 19695).

DESCRIPTION OF PoLLEN GRAINS

Aperturally pollen grains of Bombacaceae fall under three major categories:
(i) 3-zonocolporate, (ii) 3-zonoporate and (iii) panporate (>6). The colpi
vary in shape and in other morphological characters, i.e. apices may be
acute, tapering or rounded (u-shaped), psilate or granulate. In general,
the colpi are short in majority of the species examined heré. In some of
the species of genus Durio various transitional phases of elimination of colpi
and the formation of pores have been observed. Similarly, os may be circular,
lalongate or lolongate; the pore membrane may be psilate, finely or coarsely
granulate. The apertures may be crassimarginate or tenuimarginate.

Sexine pattern ranges from the simplest form, i.e. indistinctly columel-
late and granulate, to distinctly columellate and mixed reticulate. In mixed
reticulate pollen grains, e.g. Bombax, Pachira, Fremontia, Cheirostemon, etc.,
the reticulations are of two types: (i) microreticulation occurring generally
at the rounded corners (polar view), with simplibaculate muri and (ii) macro-
reticulations with dupli-multibaculate muri occurring in the apocolpium
area and sometimes descending up to mesocolpium area. In some species,
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Showing morphological characters of the pollen graing

Aperture Size of pollen i ,
? PoTen grain () Exine Polar field
_ﬁ\
Name of species Colpus size (u) Pore size () Shape
Tpe i E Pattern Thickness (4) Index Size class
1 b 1 b
1 2 3 4 5 6 7 8 9 10 1 12 3 e
Adansonia digitata Linn. 3—zonoporate — -_— 95 Suboblate 720 90-0 sp. 147 —9p _
1.B.G./9092 7-5-11-5 65:0-80-0  75-0-105-0 3750 Loy -
* Pachira longifolia Hook. 3—zonocolporate 229 6-5 10-3 61 ” 67-0 87-0 m.ret, 9.6 6.9 1:9.2. Moditume
1.B.G./9078 21-9-25-5 5:4-7-3 9-0-12-0 5:0-7-0 62:0-730  839-94.9  sp, wart.  2.0.4.0 5-5-8-0 1:17 Large
* P. cythophora Casar ' 22-3 5.8 15-6 65 Oblate 50-2 81.2 m.ret, 9.4 2.5 1.9 Modium
LB.G./9219 20-0-23-8 3:5-75  15:0-16-2 5:5-7-5 438575 77.5-85.0 2.0-3.0 2.9_3.0 )
* P. aguatica Aubl, ’ 184 6.1 7-5 5-0 61-5 781 m.ret., 2:9 59 1:2-
1.B.G./9078 16-2-20-0 5-2-7'5 —_ — Suboblate  55-0-67.5 70-0~90-0 sp., wart. 9.5-3.5 5-7.5 1:2.8 i
* P. insignis Sarign, ” 20-5 54 12-5 54 Oblate 73-5 80-3 ” 2:3 53 1:2- Large
1.B.G./5839 18:7-25:0  5.0-6:5  11-0-150  4-0-6:5  spher. 70:0-750 788825 2:0-25 50-6-5 1:1.9
Bombax malabaricum DC, ’ 16-1 3-8 12-2 50 Oblate 32:0 62:9 m.ret 2:6 31 1:21 Medium
CAL. 57014 14-6-18-2 4-5-7-0 11-2-13-0 3765 20-2-36-5  584-57-5 9.5.2.8 2.5-3.5
B. insigne Wall. » 22-9 8-2 14-0 7-7 ” 40-0 654 " 33 4.2 1:2:5 v
Kurz[1238 18-0-26-2 5-5-12-0 12.5-16-7 7-5-8-5 — 62-:0-73-0 3-0-3-7 3:7-5-0
Ceiba pentandra Gaertn. ’s 18-¢ 31 15-9 13-5 Suboblate 50-5 62:8 3.6 —_ 1:24 "
CAL. 57250 14-4-23-7 2-5-4-0 12-5-20-0 11-0-16-0 40-1-62-0 47-4-69-3 »» 3-2-4-0
* Chorisia speciosa St. (4) ,, 17-5 3-4 8-9 45-7 54-9 orn.— 4.2 1:21- Medium~
CAL. 163186 14-6-21-9 2-5-5-4 —_ — » 40-1-51-1 51-1-58-4 ret. 3-6-5-4 1:19 Large
* Ochroma lagopus Sw. s 28-5 8-3 15-9 79 ” 69-3 84-5 3-9 1:3- '
H.B.C. s.n.; CAL. 57269 21-9-36-5 54-10-9 — —_ 62-0-73-0 80-3-87-6 ret. 3-6-4-5 1:1.9
* Cheirostemon platanoides HL.B. & K. v 18-6 6:8 11-7 68 " 37.2 48-2 m.ret. 2:0 27 1:2:8- "
CAL. 57274 15-0-20-0 6:2-8-0 10-13-8 6-2-7-5 35:0-42-5 45-0-52-1 1-8-2-2 2:5-3-0 1:1-9
* Premontia californica (Torr.) " 11-2 32 61 35 Oblate 26-2 351 . 2.0 2.8 1:9- .
Coville CAL. 57275 10-0-12:5 2:5-55 4-5-7-5 2-5-5-0 25:0-27-5  30-0-40-0 1-8-2-5 2:5-3-0 1:1-8
Durio singaporensis Ridley » 31-9 13-4 13-2 14-2 Suboblate 68-5 79-1 gr., neg. 2-4 1:1:6 Large
Ridley s.n.; CAL. 57329 — — —_ -— 65-7-76-6 76-83.9 ret. 2-0-2-5 _
D. lowianus Scort. » 23-4 10-3 10-6 13-2 " 537 65-5 » 24 1:2:4- Medium-
Scortechini 1969 — — — — 51-1-584  62-0-73-0 2-0-2-5 1:1-9 Large
D. pinangianus Ridl. ’ 26-7 115 10-9 18-2 Oblate 71-1 80-2 . ?-l } 1:2-6- ’
Curtis 293 — — — — spher. 69-3-73-0  76-6-83-9 2:5-3-5 1: 1.7
D. oblongus Mast. » 19-4 7.9 10-9 118 Suboblate 584 711 3:5 Ls2:0- »
Holttum 10295 18-2-21.9 7-3-9-1 — — —_ 69-3-73-0 " — 1:1.7
D. testudinarum var. macrophylla King ” 26-1 12:7 13-2 15-8 Oblate 787 82-9 » _2'6 11 12'5
CAL. 57320 20-27-5 8:7-17-5 11-2-150  12:5-20 spher. 72-5-85:0  T7-5-90-0 2~o—§'0 21 »
D. grifiithii (Mast.) Bakh, Korthal s.n. » 11-5 3.9 4.5 10-2 Suboblate 370 48-2 Obs.~ N 3_3.6 ” ”
CAL. 57394 10-12-5 3:0-5-5 3:0-6-0 8.7-12:5 32-5-40-0 40-1-51-1 »” 1o
D. carinatus Mast. " 14-6 6-9 60 97 Oblate 456 59-9 ret. , 31 ] 1 le »
Hariland 1872 10-9-16-4 6-5-7-3 — — spher. 43.8-474  474-547 ~‘52jz‘ o _
Neesia synandra Mast. ”» 10-6 5.7 5-6 10-1 Oblate 41-1 66-9 » 1595
CAL., 57396 10-11-2 5:5-6-5 5:0-6-2 7-5~12-5 40-425  62-0-73-0 i Lion )
* Coelostegia griffithié Benth, » 10-9 36 4.5 7-3 32-8 36-5 ” 535 1:18
Scortechni 1863 - —_ — - Suboblate  30-0-36-5 33-7-40-1 . 25 1:2:1 Medium
. +11-5 :
¥ Camptostemon philippinensis Vid. 3-zonoporate —_ — 7-8 — Oblate 46-6 52:0 9p- 10-5-13-5 2.0-3-0
Escritor 1584 7-0-8-7 spher. 42-5-50-0 45-0~-55-0

: i : : . . ret,, negatively reticulate; obs. obscure;
N.B.—b, breadth; CAL., Central National Herbarium; E, equatorial axis; gr., granulate; I.B.G., Indian Botanic Garden; I, length;.m.ret., mlefd l‘et_l:;ﬂ::;: ‘;;:Iglout opin, respectively. Exine thickness of
orn,, ornate; P, polar axis; ret., reticulate; sp., spinulate or spinuloid; spher., spheroidal; wart., warty excrescences; + and — indicate thickness of exine wi
micro and macro reticulate areas is represented in columns 11 and 12, respectively.
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e.g. Pachira longifolia Hk., etc., the muri are beset with spinuloid piloid or
other warty excrescences. The lumina may be psilate or baculate. Spinulate
grains are observed in Adansonia and Camptostemon.

In general, the polar axis is shorter than the equatorial one (shapes
ranging from oblate to oblate spheroidal). Amb varies from triangular to
circular with goniotreme or pleurotreme characters. Taking aperture as
major and ornamentation as subsidiary characters, the following distinct
pollen types could be distinguished.

3-ZONOCOLPORATE GRAINS

Durio lowianus Scort. type (Pl. XXV, figs. 23-24).—Amb subtriangular
to subeircular, goniotreme; colpi short, apices u-shaped, finely granulate; os
circular to lalongate, coarsely granulate; columella indistinct; sexine pattern
very finely granulate, negatively reticulate; nexine thinner than sexine but
thicker around the os and outline of the pollen grain smooth. Examples:
Durio lowtanus Scort. (suboblate) and D. testudinarum var. macrophylla
King (Pl. XXV, figs. 25-26; Pl. XXVII, fig. 50; Pl. XXVIII, figs. 7 and
15-19; different stages of elimination of colpi are observed, leading to the
formation of pororate or porate condition; oblate spheroidal).

Durio pinangianus Ridley type.—Amb subtriangular to subeircular,
goniotreme, colpi apices u-shaped, finely granulate; os lalongate, occasionally
circular, lateral ends tapering, rounded or squarish, coarsely granulate;
distinctly columellate, sexine pattern granulate, negatively reticulate; nexine
thinner than sexine but slightly thicker around the apertures, and outline of the
pollen grain smooth. Examples: Durio pinangianus Ridley (oblate spheroidal),
D. singaporensis Ridley (Pl. XXVIII, fig. 13; suboblate) and D. oblongus
Mast. (suboblate). In the latter two species different stages of elimination of
colpi are observed, leading to the formation of pororate or porate condition.

Durio griffithii (Mast.) Bakh. type (P1. XXVIII, fig. 12).—Amb subtriangu-
lar to subecircular; goniotreme, colpi short, apices tapering or u-shaped, granu-
late; os lalongate, lateral ends tapering or rounded, pore coarsely granulate;
colpi and ora small and restricted within the rim area formed by the thickening
of the nexine. Sexine pattern obscure, granulate, negatively reticulate;
nexine and sexine more or less equally thick or thinner. Outline of the
pollen grain undulating. Example: Durio griffithii (Mast.) Bakh. (suboblate).

Durio carinatus Mast. type (Pl. XXVI, figs. 38-42; Pl. XXVIII, figs. 2
and 21).—Amb subtriangular to subeircular; goniotreme; colpi short, apices
u-shaped, finely granulate; os prominent, lalongate, crassimarginate, lateral ends
tapering or occasionally squarish, coarsely granulate; distinetly columellate,
reticulate, heterobrochate, simplibaculate, reticulations fine, lumina psilate;
nexine thinner than sexine but quite thick around the pore forming a sort of
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Fies. 1-14. 1-6. Chorisia speciosa. 1, 3-colporate grain in polar view (optical section),
> 500, 2-3, equatorial view under two foci. x 500; 4-3, 4-colporate grains, polar view under
two foci. ¢ 500; 6, a part of the pollen showing aperture. x 1200; 7-8, Bombax maolabaricum,
polar view under two foci. x 500; 9-11, Creiba pentandra, polar view under three different
foei. x 5005 12-13, Coelostegia griffithit, polar view under two foci; 14, Ochroma lagopus,
polar view. x 300.
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TF1gs. 15-26. 15-17%, Bombaxy malabaricum, L.O. analysis of sexine pattern (apocolpium area);
18-20, Pachira longifolia, L.O. analysis of sexine pattern (apocolplum area); 21-22, Chorisia speciosa,
exine pattern under two foei; 23-24, Durio lowianus, part of the pollen showing aperture under two
foci; 25-26, Durio testudinarum, part of the pollen showing a type of aperture under two foci.
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rim. Outline of the pollen grain undulating. Example: Durio carinatus
Mast. (oblate spheroidal).

Neesia synandra Mast. type (P1. XXVIII, figs. 3 and 22).—Amb subtri-
angular to subcircular; goniotreme, brevicolpate, colpi apices tapering; os
lalongate, lateral ends tapering or merge with the general surface without
distinct demarcation, membrane finely granulate; distinetly columellate,
reticulate. meshes fine. simplibaculate, lumina psilate; nexine thinner than
sexine but thicker around the aperture forming a sort of rim. Apertures
hardly extend beyond the limits of the rim. Outline of the grain undulating.
Example: Neesia synandra Mast. (oblate).

Coclostegia griffithii Benth. type (Pl. XXIV, figs. 12-13; Pl. XXVIII,
fig. 6).—Amb subtriangular: goniotreme, brevicolpate, colpi apices tapering,
finely granulate; os lalongate or occasionally ecircular, lateral ends merging
with the general surface without distinet demarcation, psilate to granulate:
columellate. columella may be branched. reticulate, heterobrochate, simpli-
baculate, meshes fine and small. lumina psilate, ornamentation finer towards
apertures; nexine thinner than sexine and outline of the grain undulating.
Example: Coelostegia griffithii Benth. (suboblate).

Ochroma lagopus Sw. type (Pl. XXIV, fig. 14; PL. XXVI, figs. 27-29;
Pl. XXVIII, fig. 4).—Amb subtriangular to subecircular; goniotreme, brevicol-
pate, apices acute, colpi membrane granulate; os lolongate, psilate to finely
granulate: columellate, curvimurate, lieterobrochate, dupli or multibaculate
lumina baculate, mural pila bigger than the rest.  Ornamentation finer towards
apertures. Nexine thinner than sexine and outline of the grain undulating
Example: Ochroma lagopus Sw. (suboblate).

Chorisia speciosa St. type (Pl. XXIV. figs. 1-6: Pl XXV, figs. 21-22;
Pl. XXVIII, fig. 5).—Amb more or less circular; occasionally 4-colporate,
brevicolpate, colpi apices acute, membrane finely granulate. tenuimarginate;
os lolongate, psilate to finely granulate; columellate, columella high, branched,
ornate to reticulate, curvimurate, heterobrochate, simpli-duplibaculate, mural
pila bigger than the rest, reticuloid pattern finer towards apertures: nexine
thinner than sexine and outline of the pollen grain undulating. Example:
Chorisia speciosa St. (suboblate).

Ceiba pentandra Gaertn. type (Pl XXIV, figs. 9-11; Pl. XXVI, figs.
30-33; Pl. XXVIII, fig. 8).—Amb triangular, corners rounded, pleurotreme,
colpi apices acute, membrane finely granulate; os lolongate to slightly circular,
psilate to granulate; columellate, reticulate, curvimurate, heterobrochate,

Fies, 27-42. 27-20, Ochroma lagopus, L.O. analysis of exine pattern; 30-33, Ceiba
pentandra, 1.0, analysis of exine pattern; 34-33, Camplostemon philippinensis, 34, pollen grain.
X 5005 353, a part of the pollen in optical section showing spines. x 500; 36-37, Adansonia digitata,
36, polten grain, not fully expanded. < 500; 87, part of the pollen in optical section showing
spines; 38—42, Durio carinatus. 38-39, pollen grains under two foci. > 500; 40, part of the
pollen showing aperture. x 1200; 41-42, exine pattern under two foci.
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Fres, 43-53. 43-46, Cheirostemon platanoides, equatorial view under different foci: 47-49, polar

view under different foci; 50, Durio testudinarum, polar view, optical section. X 430; 51-52, Cheirostemon
platanoides, 4-colporate abnormal pollen grain in polar view under two foei; 53, Pachira longifolia, polar

view, optical section, x 500,
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dupli-multibaculate, mural pila bigger than the rest, meshes broad, lumina
coarsely granulate to baculate; nexine thinner than sexine and outline of the
grain undulating. Example: Ceiba pentandra Gaertn. (suboblate).

Bombaxr malabaricum DC. type (Pl. XXIV, figs. 7-8; Pl XXV,
figs. 15-17; Pl. XXVIII, figs. 9 and 25).—Amb triangular, pleurotreme, inter-
apertural corners rounded; brevicolpate, colpi apices acute, crassimarginate,
finely granulate; os lolongate, psilate to finely granulate; columellate, mixed
reticulate, micro reticulations occur in form of rounded patches in the mesocol-
pium area, whereas, apocolpium area and mesocolpium areas adjacent to colpi
are beset with macro reticulations; micro reticulations simplibaculate, whereas,
macro reticulations are duplibaculate, lumina granulate or baculate; nexine
thinner than sexine and outline of the pollen grains undulating. Examples:
Bombax malabaricum DC. (oblate) and B. insigne Wall. (oblate).

Pachira longifolia Hook. type (Pl. XXV, figs. 18-20; Pl. XXVTII, fig. 53;
Pl XXVIII, figs. 11 and 23).—Amb triangular; pleurotreme, brevicolpate,
colpi apices acute, crassimarginate, forming a sort of rim, membrane coarsely
granulate, inner margins undulating; os lolongate and granulate; columellate,
mixed reticulate, micro reticulations in form of round patches present in the
mesocolpium areas or rounded interapertural corners (in polar view), Micro
reticulatious are heterobrochate, simplibaculate, psilo-luminate. At the centre
of these micro reticulate patches free baculoid or piloid excrescences with or
without branched heads are also observed. Apocolpium area and areas
adjacent to colpi are macro reticulate, muri beset with spinoid, piloid or
variously shaped warts. These excrescences may occur directly attached
to the nexine, occasionally the basal part of the excrescences is branched and
forms the muri-like structures, luminoid area psilate; nexine thinner than
sexine and outline of the grain undulating. Examples: Pachira longifolia
Hook. (suboblate), P. insignis Sarign. (oblate spheroidal) and P. aquatica
Aubl. (suboblate),

Pachira cythophora Casar type.—This species is altogether different from
those of P. longifolia Hk. type and shows greater resemblance with Bombax
malabaricum DC. type. However, it differs from Bombaxr type in having
simpli-multibaculate muri and bigger pollen size, Example: Pachira cytho-
phora Casar (oblate).

Cheirostemon platanoides H.B. & K. type (Pl. XXVII, figs. 43-49, 51-52;
Pl. XXVIII, fig. 24).—Amb triangular, pleurotreme, brevicolpate, colpi apices
acute, tenuimarginate, granulate; os lolongate, psilate to granulate; colu-
mellate, mixed reticulate, micro reticulations more or less form a continuous
band around the equator within the limits of colpi apices. Micro reticulations
are much finer adjacent to the apertures. Apocolpium area macro reticulate,
heterobrochate, dupli-multibaculate, mural pila bigger in size, lumina psilate
or occasionally baculate. Macro reticulations extend up to colpi apices or
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slightly more. Nexine thinner than sexine and outline of the grain undulating.
Occasionally 2-colporate or 4-colporate grains with rectangular amb (P1. XXVI,
figs. 51-52) are also observed. Examples: Cheirostemon platanoides H.B.
& K. (suboblate) and Fremontia californica (Torr.) Coville (oblate).

3-ZONOPORATE GRAINS

Adansonia digitata Linn. type (Pl. XXVI, figs. 36-37; Pl. XXVIII,
fig. 1).—Pores circular, margins ill defined, membrane coarsely granulate;
columellate, spinuliferous, spine tips blunt, basal part may be branched,
interspinal area psilate, pilariate or reticulate; nexine thinner than sexine but
thicker around the pores forming a sort of rim; amb subtriangular and outline
of the grain undulating. Example: 4ddansonia digitata Linn. (suboblate).

Camptostemon philippinensis Vid. type (Pl. XXVI, figs. 34-35).—Pore
circular, occasionally elliptical, rimmed (formed by the thickening of nexine
around aperture), granulate; columellate, columella distinct, spinulate, spine
base more or less bulbous, tip tapering, interspinal area granulate, baculate,
negatively reticulate; nexine thinner than sexine. Example: Camptostemon
philippinensis Vid. (oblate spheroidal),

TaxoNoMICAL CONSIDERATIONS

Bentham and Hooker (1862) have treated the different species of Bomba-
caceae under family Malvaceae in tribe Bombaceae, which is further divided
into four subtribes, viz. Adansonieae, Matisiae, Fremontieae and Durioneae.
Schumann (1890a) in ‘Die naturalichen Pflanzenfamilien’ has treated Bomba-
caceae separately, raising it to the family level. He has divided Bombacaceae
into three tribes, viz. Adansonieae, Matisieae and Durioneae. Subtribe
Fremontieae has been eliminated from Bombacaceae and put under Ster-
culiaceae. Similarly, genus Kydiea has been removed from Bombacaceae
and included in Malveae, one of the tribes of Malvaceae. Hutchinson (1959)
in his classical system has removed Bombacaceae from the Ofder Malvales
and placed it under order Tiliales.

Fias. 1-25. 1-12, Exine stratification. x 1600, 18-22, Apertural characters, 23-25, Finer
reticulations. 1, Adansonia digitata; 2, Durio carinatus; 3, Neesia synandra: 4, Ochroma lagopus;
5, Ohorisia speciosa; 6, Coelostegia griffithii; 7, Durio testudinarum; 8, Ceiba pentandra; 9, Bombax
malabaricum, from rounded corner; 10, Bombax malabaricum, from other area; 11, Pachira
longifolia, mesocolpium area; 12, Camptostemon philippinensis; 13-22, Aperture characters;
13, Durio griffithii, note the thickened area around the apertures; 14, D. singaporensis, note the
thickening around the os; 15-19, D. testudinarum var. macrophylla, variation in apertures;
20, D. oblongus, note the thickening around the apertures; 21, D. carinatus, note the thickening
around the apertures; 22, Neesia synandra, note the thickening around the apertures; 23, Pachira
longifolia, (diagrammatic) showing rounded patches of finer reticulations of the pollen grain;
24, Oheirostemon platanoides (diagrammatic) showing zonal band of finer reticulation of the
pollen grain; 25, Bombax malabaricum (diagrammatic) showing rounded patches of finer reti-
culations on the pollen grain.
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In the following paragraphs an attempt is made to survey as to how far
palynology of Bombacaceae helps in its taxonomy and for this purpose the
system of Bentham and Hooker, which is in vogue in India, is strictly followed.

Subtribe 1. Adansonieae (Adansonia, Pachira, Bombax, Ceiba and
Chorisia).—Palynologically, this subtribe is represented by heterogeneous
assemblage and the different species examined are so different and distinct
from each other that they form their own pollen types. As a whole, aper-
turally the subtribe is characterized by 3-zonoporate or 3-(4) zonocolporate
grains. 3-Zonoporate and spinuloid grains are observed in Adansonia
digitata Linn. type, whereas, rest of the genera of this subtribe are 3-zonocol-
porate with various types of exine patterns. Pachira pollen grains are_3-zono-
colporate and the different species, based on the exine pattern, fall under two
types, viz. P. longifolia Hk. type and P. cythophora Casar type. The latter
type shows more resemblance with Bombax type of pollen grains. Both the
species, viz. malabaricum and insigne of Bombax, are grouped under Bombaz
malabaricum D.C. type. Both the genera Pachira and Bombax further
differ from other genera, included in this subtribe, in having mixed reticulum.
Ceiba (syn. Eriodendron) pollen constitutes its own type, i.e. C. penfandra
Gaertn. type. Chorisia pollen grain though 3-zonocolporate differs in finer
details of exine and having high columella and is put under Chorisia speciosa
St. type.

Subtribe 1I. Matisieae (Ochroma).—The only species of Ochroma, viz.
0. lagopus Sw. examined here, differs from rest of the genera and is put under
its own type, i.e. Ochroma lagopus Sw. type.

Subtribe I11I. Fremontieae (Fremontia and Cheirostemon).—Palyno-
logically, both these genera are more or less alike and fall under Fremontia
californica (Torr.) Coville type. The mesocolpium and apocolpium areas
are sharply distinguished by finely reticulate and coarsely reticulate sexine
patterns. However, both the genera can be distinguished on the basis of
size, etc.

Fremontia and Cheirostemon, ag mentioned earlier, have met with different
treatment by various taxonomists. They have been included in Sterculiaceae
by Schumann (18906) under tribe Fremontieae, whereas, Bentham and
Hooker (1862) treated them in Malvaceae under tribe Bombaceae. Palyno-
logically, these genera show great affinities to Bombacaceae and not to
Sterculiaceae (Sharma 1969). Their retention in Bombacaceae would be more
natural from palynological point of view.

Subtribe IV. Durioneae (Camptostemon, Durio, Neesia and Coelostegia).—
This subtribe represents heterogeneous assemblage as almost all the genera
included in it show contrasting characters. Aperturally pollen grains are
3-zonoporate as in Camptostemon philippinensis Vid. type or 3-zonocolporate
as in rest of the genera. Campiostemon philippinensis Vid. type is further



POLLEN MORPHOLOGY AND PLANT TAXONOMY OF FAMILY BOMBACACEAE 187

characterized in having spinulate pattern. Out of the seven species of Durio
examined here as many as four distinct pollen types, viz. Durio lowianus
Scort. type, D. griffithii (Mast.) Bakh. type, D. carinatus Mast. type and
D. pinangianus Ridley type, have been recognized. In some of the species
of Durio transitional stages, leading to the formation of porate grains, have
also been observed. Neesia synandra Mast. pollen grain differs from others
in finer details and forms its own type.

In Coelostegia griffithii Benth. the aperture is not very distinct as in
Durio type but grain is distinctly reticulate and thus constitutes its own type.

From the outgoing account it is apparent that each of the genera, with
some exceptions, included in Bombacaceae, stands out as a distinet type
aperturally, stratigraphically and ornamentally. However, the occurrence
of colporate pollen grains is common in almost all genera except in Adansonia
digitata Linn., Matisia, Hampea, Scleronema and Camptostemon philippinensis
Vid. But finer details of colpi and ora, i.e. size, shape and proportion, etc.,
distinguish them from each other. These characters are sufficient to delimit
the various genera included in Bombacaceae.

The other point of similarity is the shape of the pollen grains. Almost
all the species, examined here, have shorter polar axis than the equatorial
one, thus making the grains suboblate, oblate or oblate spheroidal.

Similarly, the occurrence of mixed reticulations is quite common in
various genera, viz. Bombax, Pachira, Fremontia and Cheirostemon, Tri-
angular or subtriangular amb with rounded corners and pleurotreme character
is observed in Bombax, Pachira, Ceiba, Cheirostemon and Fremontia, whereas,
subtriangular or subcircular amb with goniotreme character is observed in
different species of Durio and Coelostegia.

From palynological viewpoint there are quite a few members, e.g.
Adansonia, Matisia, Scleronema, Hampea, Gyranthera and Camptostemon,
which have malvaceous type of pollen grains (porate and spinulate) and
would better fit in Malvaceae. It is interesting to find that in many cases
palynological findings have been corroborated by anatomy and embryology.
Anatomically, Metcalfe and Chalk (1950) pointed out close relationship
between Bombacaceae and Malvaceae. However, they state ‘Camptostemon
appears from its wood structure to be out of place in this tribe’. Palynology
may suggest the transference of all the genera with malvaceous pollen grains
to Malvaceae.

Fremontia and Chetrostemon, as discussed earlier, have been differently
treated by taxonomists. Palynology supports their retention under Bomba-
caceae. Metcalfe and Chalk (1950) on the basis of their anatomical studies
state ‘the arc-shaped vascular strand, with incurved end which occurs in
the petiole of Fremontia mexicana Macbride, is very much simpler type than
is to be found in most members of Sterculiaceae. This suggests that Fremontia
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may be rather remotely related to the other genera’. They further comment
‘Cheirostemon would fit better in Bombacoideae (but not in Durioneae)’.

Similarly, Gazet du Chatelier (1940) put Bernoullia under Sterculiaceae,
whereas, Pittier (1926) referred Bernoulia along with Gyranthera to Bomba-
caceae. Pollen grains of Bernoullia are more or less like those of Fremontieae
(Fremontia type) while Gyranthera has Adansonia type of pollen grains. The.
reference of Bernoullia to Bombacaceae and Gyranthera to Malvaceae would
be more natural from palynological viewpoint.

Venkata Rao (1954) while studying the embryology of family Bombacaceae
commented, ‘the embryological features of Bombacaceae show that the
family is more closely related to the group of families Sterculiaceae, Elaeo-
carpaceae, and Tiliaceae than to Malvaceae. So there is no justification
for treating the family as a tribe of Malvaceae’.

PosiTioN oF EURYPALYNY AND STENOPALYNY

Tt is believed by various plant morphologists that similarity in characters
shows closeness, whereas, dissimilarity is indicative of distant relationship.
The dissimilarity within family, tribe, genus or species makes the grouping
less natural. If the same principle is applied to the pollen morphological
data it is seen that the different subtribes,-except that of Fremontieae, are
eurypalynous. There is no sharp line of distinction between the different
subtribes from palynologial viewpoint. Porate and spinulate grains are
observed in " Adansonieae (Adansonia digitata Linn.), Matisieae (Matisca,
Hampea, Scleronema, etc.) and Durioneae (Camptostemon). Colporate and
mixed reticulate grains occur in Adansonieae (Pachira and Bombaz) and
Fremontieae (Fremontia and Cheirostemon). However, the latter subtribe
is very distinct from the first one in the distribution pattern of micro-macro
reticulations.

Coming to the generic level it is observed that some of the genera are
also eurypalynous, e.g. in Pachira two distinct pollen types, viz. Pachira
longifolia Hook. type and P. cythophora Casar type, have been encountered;
in Bombax Tsukada (1964) described 3-colpate, 3-colporate and 3-porate
grains with reticulate or spinulate sexine pattern. In Ockroma lagopus Sw.
pollens are 3-colporate, whereas, Tsukada has described 3-porate and reticulate
grains in O. bicolar Rowles and O. pyramidalis (Cav.) Ulbrich. In Durio
four types of pollen grains have been distinguished. TIn genus Huberodendron
3-colporate and reticulate grains have been described by Erdtman (1952)
in H. styraciflorum while Tsukada (1964) described 3-porate and spinulate
grains in H. swietinoides (Gleason) Ducke, thus making the genus eury-
palynous. It is interesting to note that Erdtman (1952) deseribed 3-colporate
grains in Scleronema micranthum (Brazil; Ducke 70) while Tsukada (1964)
described 3-porate and spinulate grains in the same species (Brazil; Ducke
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No. 13). Similarly, genus Matisia is also eurypalynous. Erdtman (1952)
described 3-colporate and ornate-reticulate grains in M. cordata and Tsukada
(1964) described 3-porate and spinulate pollen in M. longiflora Gleason.

The eurypalynous nature revealed here may not be corroborated with
other morphological characters; however, this must be assessed together
with the other morphological data besides floral morphology which forms
the basis of the classical taxonomy of the family.

The stenopalyny in some of the genera, as discussed earlier, points out
natural grouping.

EVOLUTIONARY SIGNIFICANCE

Many pollen morphological characters, e.g. aperture, exine pattern,
stratification, shape and size of the grains, etc., as reviewed earlier (Sharma
1969a¢), have been considered by various workers as bearing evolutionary
significance. Colporate character is considered as an advanced character
over colpate and porate condition as still advanced. Higher number of
apertures (more than three, pancolporate or panporate, etc.) is considered
as most advanced. Majority of the members of the Bombacaceae, as evidenced
by the occurrence of colporate and porate grains, are quite advanced. How-
ever, the phenomenon of eurypalyny within genus makes the assumption
rather complicated, e.g. in Bombax the aperture condition may be colpate
(B. rurrenbagueanum Rusby), colporate (in most of species) or 3-porate
(B. stolzit Ulbrich). 1It, therefore, becomes clear that apertural evolution
within the genus is not uniform, maybe the genus is still in progressive
evolutionary stages. Similarly, in some of the other genera, e.g. Ochroma,
Huberodendron, Scleronema, Matisia, etc., the occurrence of colporate and
porate grains has also been reported. In Durio, e.g. in D. oblongus Mast.,
D. singaporensis Ridley, D. testudinarum var. macrophylle King, there are
transitional stages from colporate to porate nature. Gradual reduction and
obliteration of colpi leading to the formation of pore is clearly observed.
Aperturally, the grains of Adaensonia, Scleronema, Matisia, Huberdendron
(Tsukada 1964) and Hampea may be considered as very advanced; due to
the occurrence of porate condition Hampea, where panporate condition is
observed, may be considered as most advanced.

Regarding exine characters there are various schools of thought. If
the indistinct columelld and granulate characters are considered as primitive
then some of the species of Durio, viz. Durio lowianus Scort. and D. festu-
diravum var. macrophylla King, may be considered most primitive but aper-
turally they are quite advanced. In Durio pinangianus Ridley, D. singa-
porensis Ridley and D. oblangus Mast. columella is very distinct (an advanced
character), whereas, sexine pattern is primitive. Durio carinatus Mast. and
Coclostegia griffithic Benth. are distinctly columellate, simpli-reticulate, the

conditions which are comparatively advanced over earlier character.
3
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Complicated reticulation with dupli- or multibaculate muri and ornamented
lumina is considered as very advanced character. Thus different genera of
Bombacaceae which fall under these categories may be considered as advanced.

It is interesting to note that simple and ecomplicated reticulations occur
together in some of the genera, e.g. in Bombax, Pachira, Fremontia, Cheiro-
stemon and Bernoullia, etc., which make the concept of simpli-reticulate or
complicated reticulate -character more puzzling. How to explain the occur-
rence of primitive and most advanced type of reticulations within single
sporomorph ? Similarly, thick and thin exines are also present in the same
sporomorph.

Spinulose sexine pattern, which is considered as primitive condition,
occurs in Adansonia, Matisia, Scleronema, Hampea and Huberodendron, etc.,
but aperturally they are highly advanced.

It is a matter of great interest that apertural and sexine pattern evolution
do not go side by side at the same rate. Colporate grains which are considered
less advanced as compared to the porate or panporate grains have more
advanced type of sexine pattern.

Similarly, shorter polar axis which is indicative of primitiveness
(Kuprianova 1966) is found in almost all the genera of Bombacaceae studied
here. It is yet to be confirmed whether shorter polar axis has got any
relationship with arboreal habit of this family as a whole.

Sporne (1954) considers Bombacaceae amongst most primitive families.
Palynological data do not support this view as evident from the foregoing
account.

Finally, the question whether Bombacaceae merits the rank of an inde-
pendent family is still open. Palynological data, available so far, reflect a
great heterogeneity within Bombacaceae.
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