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Introduction

In our ultrastructural studies on Lower Eocene Normapolles exines it was
found that these are derived from primitive Amentiflorae taxons (KEDVES and
PArDuTz, 1970a,b). In the Normapolies taxons the occurrence of the endexine
as a function of the geological period is of evolutionary importance (KEDVES,
HeceplUs and PArpuTz, 1971a, HecepUs, KEpvEs and PArDpuTZ, 1971; 1972).
Our ulerastructural examinations have permitted the clucidation of frequently
complex pore-wall exines of fossil pollen grains.

In spite of the fact that numerous literature data are known on the ultra-
structures of the recent Amentifloraec taxons (ArzeLius, 1956 — in ERDTMANN,
1956; Ueno, 1963a,b; Taxkeoka and Stix, 1963; Stone, ReicH and WHIT-
FIELD, 1964, Stont and Broome, 1971), we considered it necessary to carry
out studies in accordance with the following points of view:

1. The description of the exine ultrastructure in those taxons where our
knowledge is incomplete.

2. The exact study of the endexine in the species under examination.

3. Interpretation of the concepts of pore, atrium and vestibulum used
in the description of fossil taxons in the pore-wall region, on the basis of the
ultrastructural data in the recent raxons.

4. Establishment of the ultrastructural nature of special exine formations.

Materials and Methods

The species examined were the following: Corylus cvellana L., C. colurna L., C. siebol-
diana BLUME, Cannabis sativa L., Carya amara Nutt., C. ovata (ML) C. KocH, Juglans
californica WATSON, Myrica gale L., Betula alba L., B. pubescens Enru., Alnus glutinosa (L.)
GAerRTN. The examination material originates from the Botanical Collection of the Natural
Science Museum, and we should like to rtake this opportunity to express our grateful thanks
to the Director, Juria Lacza-Szujko.

Taking into account the work of STONE and BROOME (1971), our ultra-thin sections
were prepared from acetolyzed pollen grains, With more complex light-microscopic morphology
serial sections were used in the pore-wall region, as introduced on the Casuarina genus exine,
where this was necessary (Kepves, HEGep(is and PArputz, 1971b). The results are described
genus-wise.
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Results

Coryius L. (Fig. 2/1-4)

Interpore-wall exine. — Tectate, perforated with narrow channels, splnac
on the surface. The elements of the columellae are varied, mainly ellipsoid and
columnar. An endexine can not be distinguished below the foot layer. T/C/F=
3-4/1.5-2/1. (Fig. 2/1)

Pore-wall exine. — The tectum is unchanged in the pore-wall region. The
clements of the columellae are accumulated, and small, mainlv soherical for-
mations appear below the tectum. The lamellar endexine is marked in the
pore-wall region (Fig. 2/2—4). Thus, the annulus is a formation of the colu-
mellae and the endexine in this genus. The tectum bends inwards along the
pore and combines or almost combines with the foot layer (Fig. 2'4).

Cannabis L. (Fig. 4/1-4).

Interpore-wall exine. — Tectate non-perforate, large spinae cn the surface
of the tectum. The elements of the columellae are mainly columnar. An en-
dexine can not be discerned below the foot layer. T/C/F=3-4/2/1. (Fig. 4/4).

Pore-wall exine. — The tectum is unchanzed in the pore-wall region. The
elements of the columellae are strongly increased, mainly by small, spherical
elements (Fig. 4/1). The annulus is formed in this way (Fig. 3; 42, 3). The
foot layer becomes extremelv thin at the annulus, and almost breaks, and
under it appears endexine with a granular ultrastructure. The tectum bends in-
wards along the pore, and combines with the tapered foot layer (Fig. 4/2,3).

rig. 1. Ultrastructure of Corylus colurna L. exine in the pore-wall region.
T = tectum, C = columellae, F = foot layer, sp = spinae, ch= channels, En=en-
dexine, Ep = exopore, Enp = endopore, An = annulus.

Carya NurtT. (Fig. 6/1-4)

Note. — The pore-wall openings are situated sub-equatorially, and the
exine becomes thin at the poles. Interpore-wall exine. — Tectate, perforated
with narrow channels, the tectum with spinae. The elements of the columellae
are spherical or cllipsoid, and frequently anastomize. Along the poles, where

Fig. 2. Corylus colurna L.
) — Ulerastructure of the interpore-wall exine. M : 25,000x.
2—4. — Ulrrastructure of the pore-wall exine in serial section. M : 25.000x.
T = teacum, C= columcilac, F = foot layer, sp = spinac, ch = channels, En = endexine, An==
annulus, P = pore
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Fig. 3. Ulerastructure of Cannabis sativa L. exine in the pore-wall region.
T = teatum, C = columellae, F = foot layer, sp = spinae, En = endcxine, Ep = exopore,
Enp = endopore, An = annulus.

Fig. 4. Cannabis sativa L.
— Ultrastructure of the pore-wall exine in the vicinity of the purc-wnll region. M : 25,000x.
— Ultrastructure of the pore-wall exine in the porc-\\all region. M : 50.000x.
— Ultrastructure of the purclwall region in the pore-wall region. M : 25.000x.
4 — Ultrastructure of the interpore-wall exine. M : 25.000x.
T = tectum, C = columellae, F = foot layer, sp = spinac, En = endexine, An = annulus, P=
pore.
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Fig. 5. Ultrastructure of Carya amara NUTT. cxine in the pore-wall region.
T = tectum, C = columellae, F = foot layer, sp = spinac, ch = channels, At = atrium.

the exine becomes thin, the tectum and the foot laver are unchanged, and the
clements of the columellae are generally in two rows — T'C'F=1.511 - but
in the vicinity of the equator they are generally observed in cight rows -
T/C F=1.5/4/1 (Fig. 6/1, 4).

Pore-wall exine. — The tectum bends inwards along the pores, its thick-
ness unchanged, and the columellae too become narrow only along the pores.
There is no annulus, the foot layver is broken in the pore-wall region, and
hence there is in essence an ateium (Fig. 5; 62, 3).

Juglans 1. (Fig. 8/1-3)

Interpore-wall exine. — Tectate, perforated with narrow channels, rela-
tively large spinac on the tectum. The elements of the columellae are spherical
or ellipsoid, and are arranged in four rows on the tapering polar part of the
exine, and generally in six rows in the vicinity of the equator. T/'C'F=1.5-2/
1.5/1 or 1.5-2/2-2.5/1. There is no endexine below the foot layer.

Pore-wall exine. — The tectum agrees with that of the Carya genus in the
pore-wall region. The elements of the columellae are accumulated, however,
in 10-14 rows, and form an annulus. The foot layer is broken in the pore-wall
region, and an atrium is formed (Fig. 7; 8 '1).



ULTRASTRUCTURAL STUDIES ON AMENTIFLORAE POLLEN GRAINS 23

Fig. 4



24 M. KEDVES aND A. PARDUTZ

Fig. 6. 1. — Ultrastructure of Carya amara NUTT. interpore-wall exine with the tapering colu-
mellae at the poles. M : 25.000x.
2. — Ulrrastructure of Cerya alba NuTtT. pore-wall exine. M : 10,000x.
3. — Ulerastructure of Carya amara NUTT. exine in the pore-wall region. M :10,000x.
4. — Ulerastrucrure of Carya amara NuTT. interpore-wall exine in the equatorial re-
gion. M : 50,000x.
T =rtectum, C = columcllae, F = foot layer, sp = spinae, ch = channels, At= arrium.

Fig. 7. Ultrastructure of Juglans californica WATsON exine in the pore-wall region.
T =tectum, C = columellae. F = foot layer, sp = spinae. ch == channcls, Ar= atrium,
An = annulus, Ep = exopore, Enp = endopore.

Fig. 9. Ultrastructure of Myrica gale L. [= Gale palustris (LAM.) CHEVAL.] exine in the pore-
wall region.
T =tectum, C = columellae, F = foor layer, sp = spinae, ch = channels, At = atrium,
An = annulus, Ep = exopore, Enp = endopore.

Myrica L. (Fig. 10/1-5)

Interpore-wall exine. — Tectate, rarely perforated with narrow channels,
spinac also rarely situated on the surface. The clements of the columellae are
spherical, ellipsoid, or rarely columnar, and arranged in one, or rarely two rows.
There is no endexine below the foot layer (Fig. 10/5). T/C F=2-3 -1.5/1.

Pore-wall exine. — The thickness of the tectum is unchanged in the pore-
wall region, and it bends inwards along the exogerminalia. The elements of
the columellae form an annulus by their accumulation, and here the structural
clements frequently anastomize. The foot layer breaks in the vicinity of the
pore-wall region, partially divides up, and in this way the atrium is formed
(Fig. 9; 10/1-4).

Betula L. (Fig. 12/1, 3, 4)

Interpore-wall exine. — Tectate, perforated with narrow channels, deco-
rated with spinae on the surface (Fig. 12/1). The columellae and the foot layer
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Fig. 8. Juglans californica WATSON

1. — Ultrastructure of the pore-wall region. M : 25,000x.

2. — Ultrastructure of the interpore-wall region in the vicinity of the pole, with the tapering
columellae. M : 50,000x.

3. — Ultrastructure of the interpore-wall exine in the ecquatorial region. M :50,000x.

T = teccum, C= columellae, F = foor layer, sp = spinac, ch = channels, At=atrium, P =

pore.

are very narrow, in contrast with the tectum. T'C F=6-7 2/1. The columellac
are single-rowed, and their clements have various shapes, ellipsoid, columnar,
etc.

Fig. 10. Myrica gale L. |= Gale palustris (LAM.) CHEVAL.]

1,24. — Ulcrastructure of the pore-wall exine in serial section. M : 10,000x.
| — The columellae in the pore-wall region. M : 25.000x.
5. — Ultrastructure of the interpore-wall exine. M : 50,000x.

T = tectum, C = columellae, F = foot layer, sp = spinac, ch = channels, At=atrium, An=
annulus,

Fig. 11. Ultrastructure of Beiwla alba L. exine in the pore-wall region.
T = tectum, C = columellac, F = foot laver, sp = spinac, c¢h =channels, En = en-
dexine, V == vestibulum, An = annulus, Ep = exopore, Enp = endopore.

Pore-wall exine. — The tectum is unchanged in the pore-wall region, while
the clements of the columellae are in part larger than in the interpore wall,
and in part accumulate and form an annulus. The foot layer breaks before the
pores, and separates a little from the columellac (Fig. 11; 12 3, 4). There is
an endexine of marked lamellar ultrastructure below the foot layer in the
pore-wall region.

Alnus MiLr. (Fig. 12/2, 5)

Interpore wall exine. — Tectate, perforated by narrow channels, with wide —
— based spinae on the surface. The clements of the columellae are two- and
three-rowed, spherical, ellipsoid, or irregular in shape (Fig. 122). T CF=
2-3/1-1.5/1.

Pore-wall exine. — The tectum becomes narrower in the direction of the
cxogerminalia. The elements of the columellae are strongly accumulated, in
10-12 rows, and also somewhat larger than in the interpore-wall region. The
foot layer too is thicker before the pore-wall openings, and under it is a
narrow endexine of lamellar ultrastructure. The foor layer and the endexine
are a little separated from the columellae (Fig. 12/5; 13).
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Discussion of the results

From a comparison of our results with the findings of SToNE and
BroomE (1971), the following conclusions can be arrived at:

The occurrence of the channels is gencral in the tectum in the Betula-
ceae, Corylaceae, Juglandaceae and Rboipteleaceae families, they are rare in
the Myricaceae species studied, and they are not found in Cannabis sativa:
thus, to a certain extent they are of taxonomic importance. The spinae on the
surface are a general feature with Amentiflorae; they are probably of ecologi-
cal significance, and a result of wind-pollination. According to TAKEOKA and
STix (1963), its finer morphology is of taxonomic value, but this can be eva-
luated primarily with a scanning electron-microscope method. On the basis
of the species examined, the finer morphology of the columellac for taxonomic
distinction, primarily of the genera.

According to our present knowledge, the endexine does not occur in the
Juglandaceae genera (Carya, Engelbardtia, Juglans) and in the Myricaceae.
In the Corylaccae and Betulaceae genera there is an endexine with lamellar
ultrastructure in the pore-wall region, while in Cannabis sativa there is an en-
dexine with granulated ultrastructure. As regards the ultrastructure, this latter
species is very well distinguished not only by its characteristic endexine, but
also by the fact that there are no channels in the tectum.

The annulus is generally formed by means of the accumulation of the ele-
ments of the columellae, and in the Corylacesaz and the Betulacese the endce-
xine too participates in its formation. In Cannabis sativa the endexine is not
important from this respecr.

Fig. 12. 1. — Ultrastructure of Betwla alba L. interpore-wall exine. M : 25,000x,
2. — Ultrastructure of Alnus glutinosa  (L.) GAERTN. interpore-wall exine. M :
25,000x.
3.4. — Ultrastructure of Betula albe L, pore-wall exine, M : 10 000x.
5. — Ulcrastructure of Almus glutinesa (L)) GAERTN. pore-wall exine. M :10,000x.

T = tectum, C = columellae, F = foot layer, sp = spinae, ¢h = channels, En = endexine, An =
annulus.

Fig. 13. Ultrastructure of Almus glutinosa (L.) GAERTN. exine in the porc-wall region,
T = tectum, C = columellae, F= foot layer, sp = spinae, ch = channels, En=en-
dexine, V = vestibulum, An = annulus, Ep = exopore, Enp = endopore.
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Fig. 12



ULTRASTRUCTURAL STUDIES ON AMENTIFLORAE POLLEN GRAINS 31

In the pore the tectum and the foot layer combine (Cannabis sativa), or
nearly combine: the two layer bend together (e. g. the Corylus genus). In the
atrium the foot layer breaks before the pore-wall region: this is typical for
the Myrica and the Engelbardtia genera, but essentially the same is found for
the Carya and Juglans species too. In the case of the vestibulum the foot layer
(together with the endexine) separates from the columellae in the pore-wall
region and bends inwards towards the centre of the pollen. This is characteris-
tic for the Betula and the Alnus genera. The ,fainter zones” at the poles for
the pollen grains of the Carye and Juglans genera are formed by the tapering
of the columellae (cf. SToNE, REICH and WHITFIELD, 1964).

Summary

1. In the Amentiflorae taxons the exine ultrastructural features are par-
tially of ecologic value (e. g. the spinae on the tectum), and partially of tax-
onomic value.

2. From a taxonomic point of view the channels, the finer structure of the
columellae, the endexine and the pore-wall region formations (pore, atrium,
vestibulum) or the tapering zones sometimes occurring on the poles of the
pollen grains can be used.

3. The features identified in the recent taxons are identical to the ultra-
structural characteristics established on the fossil pollen grains (e. g. the atrium
in Plicapollis pseudoexcelsus).
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