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ABSTRACT

Pollen grains of 9 species of the genus Plantago (Plantaginaceae), including 8 taxa native to Poland, were ob-
served under a light microscope and a scanning electron microscope. Descriptions of grain sculpture are illustra-
ted only SEM micrographs. The studied pollen grains were medium-sized or small, spherical or prolate spheroi-
dal. Their sculpture was always verrucate with granulation. In the studied taxa, internal apertures had the form of
pores. Their number ranged from (4)5-9(14). The pores were scattered on the surface of pollen grains. Identifica-
tion features of individual taxa include: presence or absence of an annulus around each pore, annulus structure,
ornamentation of the pollen grain and operculum, type of aperture membrane, number of internal pores, and pore
diameter. We suggest that two new pollen grain types, characteristic of P. intermedia and P. arenaria, should be
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distinguished, and that P. alpina should be assigned to the P. coronopus type.
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INTRODUCTION

Pollen grains of the genus Plantago (Plantaginaceae) ha-
ve been subject to scientific research for many years, main-
ly in the field of paleobotany, because species like P. ma-
jor, P. media and P. lanceolata are regarded as indicators
of human settlements in prehistoric investigations.

Generative parts of plants, mature pollen grains in parti-
cular, are much less variable than vegetative parts. Hence,
pollen is a convenient material for investigation, because it
is in a steady physiological stage, has a single set of chro-
mosomes, and forms large populations. Mature pollen gra-
in size, exine sculpturing, and number of pores are the
most distinctive features (Erdtman 1952; Fegri and Iver-
sen 1992; Klimko et al. 2000). The ontogenesis of pollen
involves important genetic control phenomena, such as the
connection between meiocytes, callose synthesis for the se-
paration of microspores, tapetal secretion, which is deposi-
ted as components of pollen coat, and finally the determi-
nation of exine patterns. The exine pattern is controlled by

the sporophyte, whereas pollen size is determined both by
sporophytic and gametophytic genotypes (Bedinger 1992;
McCormic 1993; Nepi et al. 1995; Ottaviano and Mulcahy
1989; Stanley and Linskens 1975; and references therein).
It is unknown how the specific pollen wall patterns are de-
termined, but the sculpturing is exclusively under sporo-
phytic control and no segregation of the exine pattern is
known (Heslop-Harrison 1971, 1972).

As a result of palynological studies, pollen grains of the
genus Plantago have been divided into several types. Iver-
sen (1941) distinguished two types: lanceolata and major-
media. Miiller (1943) added a third type, coronopus, and
Casper (1975) another one, maritima. Taxonomic reviews
of pollen morphology based on modern materials distingu-
ish pollen grain types characteristic of individual taxa or
else group several species in one type (Casper 1975; Clar-
ke, Jones 1977). However, the materials came mainly from
NW Europe. In Poland such investigations have not been
conducted so far. Despite intensive research, there are still
some discrepancies in classification, morphological de-
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scriptions of annuli of pores, ornamentation of pollen gra-
ins, shape and size of verrucae, type of granulation, pore
diameter, and ornamentation of the membrane closing the
pores. Most papers present results of observations made
under a light microscope (Straka in Casper 1975; Fegry,
Iversen 1975; Moore et al. 1991; Sadowska et al. 1986;
Stachurska et al. 1981) and only few under a scanning elec-
tron microscope (Clarke, Jones 1977). Hence the aim of
our study was to assess the variation of qualitative and qu-
antitative traits of pollen grains in population material and
to perform a statistical analysis of similarity between the
distinguished types of pollen grains, corresponding to stric-
tly defined species.

The Polish flora includes ten Plantago species, including
three threatened taxa (Polish Red Data Book of plants
2001). P. coronopus L. is critically endangered in Poland,
as it has been found in only one natural locality: Karsibor
in the SE part of Usedom Island (Piotrowska 2001). P. ma-
ritima L. subsp. maritima is also endangered (Piotrowska
2001), while P. atrata Hoppe subsp. carpatica (So6) Sob
(= var. carpathica Pilger) is endemic to the Carpathians
(Pigkos-Mirkowa 2001). We have not managed to acquire
material of P. winteri (Tacik 1967; Rutkowski 1998).

MATERIAL AND METHODS

The population material for pollen analysis was collected
from many man-made habitats. Only pollen of P. atrata
subsp. carpatica originated from herbarium materials of
POZB and the Experimental Garden of the Polish Acade-
my of Sciences, while P. maritima subsp. maritima and P.
coronopus subsp. coronopus from natural habitats. Pollen
grains were extracted from ripe anthers.

List of localities (Fig. 1):

P. major L.

1. Pomerania, Stupsk Commune — roadsides
2. Wielkopolska, Poznan Commune — roadsides

Klimko M. et al.

3. Wielkopolska, Nowy Tomysl Commune — paths
4. Wielkopolska, Mosina Commune — near buildings
5. Wielkopolska, Puszczykowo Commune — near buil-
dings
P. intermedia Gilib.
6. Pomerania, Rowy, Ustka Commune — edges of lakes
7. Pomerania, Karlino Commune — cultivated fields
8. Pomerania, Parsecko, Szczecinek Commune — culti-
vated fields
9. Wielkopolska, Steszew Commune — edges of lakes
10. Wielkopolska, Niwka, Puszczykowo Commune — edges
of ponds
P.media L.
11. Pomerania, Tczew Commune — slopes of a pond
12. Pomerania, Pyrzyce Commune — meadow
13. Wielkopolska, Puszczykowo Commune — roadside
ditch
14. Wielkopolska, Skorzgcin, Witkowo Commune — me-
adow
15. Wielkopolska, Konin Commune — roadside ditch
16. Mazovia, Warszawa Commune — slopes of a pond
P. coronopus L. subsp. coronopus
17. Pomerania, SE of Usedom Island, Karsibér, Brzezno
Commune — halophilic meadow
P. maritima L. subsp. maritima
18. Pomerania, Wtadystawowo Commune — halophilic
meadow
P. atrata Hoppe subsp. carpatica (So6) So6
19. Matopolska, Zakopane Commune - Experimental
Garden, fresh and herbarium material (POZB) from Szalo-
ny Wierch
P. lanceolata L.
20. Pomerania, Przechlewo Commune — meadow
21. Pomerania, Kluki, Smotdzino Commune — meadow
22. Wielkopolska, Mosina Commune — roadside
23. Wielkopolska, Nowy Tomysl Commune — roadside
24. Wielkopolska, Poznan Commune — roadside

Fig. 1. List of localities.
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P. arenaria Waldst. & Kit.

25. Wielkopolska, Puszczykéwko, Puszczykowo Com-
mune — sandy patch surrounded by forest

26. Wielkopolska, Rogalinek, Mosina Commune — sandy
patch surrounded by forest

27. Wielkopolska, Skorzecin, Witkowo Commune — san-
dy patch surrounded by forest

28. Wielkopolska, Szreniawa, Komorniki Commune —
sandy patch surrounded by forest
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29. Wielkopolska, Obrzycko Commune — sandy patch
surrounded by forest

Additionally, we analysed a sample of pollen of P. alpi-
na L. for comparison with P. maritima, because of its ear-
lier classification (Clarke, Jones 1977).

Pollen grain dimensions were measured in the equatorial
(E) and polar (P) plane by means of Lucia 3.5 software
(Laboratory Imaging Ltd., Czech Republic) on a computer
linked with a microscope. The measurements were taken

30 ym

Figs 2-6. Plantago major L.

Fig. 2. Pollen grains (x600).

Fig. 3. Overall view with pores (x3100).

Fig. 4. Overall view with verrucae (x3100).
Fig. 5. Pore and granulate operculum (x6200).
Fig. 6. Verrucae (x6200).
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for 30 pollen grains from each locality of each species.
A total of 900 pollen grains were measured. We calculated
mean values. On the basis of the results, the studied sam-
ples were assigned to microspore size classes. The ratio of
length in the P plane to that in the E plane enabled an as-
sessment of microspore shape, which was classified accor-
ding to Erdtman (1952). We also measured pore diameter
and annulus width. Moreover, qualitative traits concerning
the stage of development of the annulus, operculum, aper-
ture membrane, and verruca structure, were taken into ac-
count. Values of those traits are given below:

— annulus continuous, well-developed — 3,

— annulus partly open — 2,

—annulus composed of disjunct verrucae — 1,

—no annulus — 0,

— operculum solid — 2,

— aperture membrane granulate — 1,

— verrucae well-developed, prominent — 3,

— verrucae clearly convex — 2,

— verrucae slightly convex — 1.

In this study we did not perform acetolysis because it
causes swelling of pollen grains and damages the opercu-
lum (Clarke, Jones 1977).

A series of 90 of comparative micrographs of the studied
species were taken under a scanning electron microscope
(Phillips FEN 515) in order to assess the sculpture and
apertures of pollen grains. The micrographs were taken in
the Electron Microscopy Unit, Adam Mickiewicz Univer-
sity, Poznan. Mutual relationships and differences between
species were presented on the basis of the clustering me-
thod described by Sokal and Sneath (1963). The fenogram
was constructed by the cluster analysis module of Statistica
Software (StatSoft 2002).

Nomenclature follows that recommended by Mirek et al.
(1995).

RESULTS AND DISCUSSION

Mature pollen grains of Plantago species are medium-si-
zed or small, spherical or prolate spheroidal, always verru-
cate (verrucae varying in size and shape), with granulation.

The annulus in the Plantaginaceae seems to be formed by
a thickening and aggregation of verrucae around the pores.
In some species the annulus is continuous, but in other ca-
ses the verrucae are disjunct and form a partial annulus.
The operculum in some species is a solid lid whose structu-
re seems to be identical with the rest of sexine. Other spe-
cies have a partial operculum, with sexine granules on the
aperture membrane. These granules are usually widely spa-
ced and small, but may be larger. Exine is rather thin or
moderately thick, sexine undulating, about twice as thick
as nexine (Clarke, Jones 1977).

Species: Plantago major L.

Plantago major type (Figs 2-6)

Pollen class: (4)5-9 pantoporate.

Size: medium, P — 21.76 pm (17.79-28.47 pm), E — 18.51
pm (14.81-24.51 pm).

P/E ratio: 1.04 (1.00-1.16), grains usually prolate spheroi-
dal, sometimes spherical or subprolate.

Apertures: Ectoaperture — pore, rather irregular to *circu-

Klimko M. et al.

lar, stronglysunken, diameter 4.59 pm (2.31-5.42 pm),
margin ill-defined, irregular, annulus absent; aperture
membrane covered with granules forming an ill-defined
operculum. Endoaperture — pore congruent with ectoaper-
ture, formed by a thin area of nexine.

Ornamentation: Verrucate, the verrucae well-defined, me-
dium-sized, slightly convex, irregular in outline. Their size
varies around the pore. Channels between verrucae with di-
stinct granules.

Comments: Fegri, Iversen (1992) reported that the pores
are ill-defined, without operculum. By contrast, Clarke, Jo-
nes (1977) described the verrucae in P. major as well-defi-
ned but smaller than in many other species, and our results
confirm this. The size of verrucae is similar to that in P.
media, but they are less convex. Disparities in published
data concern also pore diameter. According to Dietrich
(1968), it is equal to 3 pm, while according to Clarke, Jo-
nes (lc) it ranges from 3 to 5 pm. In our study, pore diame-
ter varied from 2.31 pm to 5.42 pm.

Species: Plantago intermedia Gilib.

Plantago intermedia type (Figs 7-9)

Pollen class: (4)5-9 pantoporate.

Size: medium, P — 23.25 pm (19.58-27.20 ym), E — 19.56
pm (16.30-23.15 pm), sometimes small-sized (see Com-
ments)

P/E ratio: 1.18 (1.17-1.20): grains usually subprolate.
Apertures: Ectoaperture — pore irregular to telliptical in
outline, often clearly sunken, diameter 2.37 pm (1.33-2.78
pm), margin ill- or well-defined, annulus absent; membra-
ne covered with sexine granules forming an ill-defined
operculum. Endoaperture — pore congruent with ectoaper-
ture, formed by a thin area of nexine.

Ornamentation: Verrucate, the verrucae very well-defi-
ned, varying in size and shape, small or large, club-shaped.
Channels between verrucae with distinct but fine granula-
tion.

Comments: Pollen grains of P. intermedia in ripe anthers
varied in size to a large extent. Apart from those described
above, some grains were small-sized: P — 5.52 pm (2.95-
-7.60 pym), E — 5.02 pym (2.11-7.18 pm), P/E ratio: 1.21
(0.66-1.66). Pore diameter 0.70 pm (0.67-0.72 pm). In ear-
lier studies, P. intermedia was not considered a species, as
the nomenclature and selection of species followed Chater
and Cartier (1976). Clarke and Jones (1977) report that
they detected no difference in pollen morphology between
the two subspecies of P. major (ssp. major and ssp. inter-
media). Our results attest to marked differences in pollen
grain sculpture, shape, pore diameter, and size between P.
major and P. intermedia. The differences in pollen grain
traits and seed sculpture (Klimko et al. 2004), fully justify
the separation of P. intermedia as a distinct species.

Species: Plantago media L.

Plantago media type (Figs 10-13)

Pollen class: 4-8 pantoporate.

Size: medium, P — 27.48 pm (22.86-32.76 ym), E — 25.72
pm (21.05-29.79 um).

P/E ratio: 1.06 (1.00-1.13): grains usually prolate spheroi-
dal or spherical.

Apertures: Ectoaperture — pore rather irregular to tcircular
in outline, often sunken, pore diameter 4.08 pm (3.50-5.12
pm); margin ill-defined, annulus absent; membrane cove-
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Figs 7-9. Plantago intermedia Gilib.
Fig. 7. Overall view (x3100).

Fig. 8. Verrucae and pore (x6200).
Fig. 9. Overall view (x6200).

red with sexine granules forming an ill-defined operculum.
Endoaperture — pore congruent with ectoaperture.
Ornamentation: Verrucate, the verrucae large, coarse, we-
1I-defined, irregular in outline, not concentrated or differen-
tiated around pores. Channels between verrucae with minu-
te puncta.
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Comments: The verrucae of P. media type are large, den-
ser and very coarse. Sculpture more rough and conspicuous
than in any other pollen type in the family. Our results con-
firmed the data on pore diameter given by Clarke, Jones
(1977) and Feegri, Iversen (1992). An earlier study (Czap-
ska 1959) showed that morphologically different speci-
mens of P. media from different habitats do not vary in po-
llen grain diameter.

Species: Plantago coronopus subsp. coronopus

Plantago coronopus type (Figs 14-16)

Pollen class: (4)5-8 (9) pantoporate.

Size: medium, P — 27.57 pm (24.20-30.44 ym), E — 22.90
pm (19.69-24.94 nm).

P/E ratio: 1.20 (1.04-1.22): grains usually spherical or pro-
late spheroidal

Apertures: Ectoaperture — pore tcircular in outline, pore
diameter 2.02 pm (1.54-2.13 pm); margin well-defined, re-
gular, with a wide, continuous, raised annulus 2.68
pm (1.80-3.27 pm), membrane covered with irregular sexi-
ne granules, forming an ill-defined operculum. Endoaper-
ture — pore congruent with ectoaperture, formed by a thin
area of nexine.

Ornamentation: Verrucate, the verrucae large, well-defi-
ned, irregular to tcircular in outline; channels between ver-
rucae with very few puncta.

Comments: The distinguishing character of the P. corono-
pus type is the very prominent annulus, which is better de-
veloped than in any other species in Poland and NW Euro-
pe (Clarke, Jones 1997). Pore diameter in our materials
from Poland (mean 2.68 pm) was lower than in NW Euro-
pe (3-4 um).

Species Plantago alpina L.

Plantago coronopus type (Figs 17-19)

Pollen class: 6-8 pantoporate.

Size: medium, P — 25.37 pm (23.68-26.05 ym), E — 24.13
pm (22.89-25.26 um).

P/E ratio: 1.04 (1.00-1.14): grains usually prolate spheroi-
dal or spherical.

Apertures: Ectoaperture — pore tcircular or elliptical in
outline; diameter 2.56 pm, margin well-defined. Annulus
present, 1.20 pm wide, partly open, aperture membrane co-
nvex, not granulate (Fig. 18), but small, prominent, micro-
echinae granulation is visible on operculum edges, opercu-
lum very well-defined. Endoaperture — pore congruent with
ectoaperture.

Ornamentation: Verrucate, the verrucae medium-sized,
slightly convex, irregular in outline; around pores, the ver-
rucae long, prominent; channels between verrucae with
puncta.

Comments: Clarke, Jones (1977) pollen of P. alpina is as-
signed to the maritima type because of similarities in annu-
lus structure. In P. maritima the annulus is discontinuous,
composed of single verrucae, while in P. alpina it consists
of one small and two larger, elongated, verrucae. Some dif-
ferences concern also operculum structure (see Figs 18,
22). The mean size of grains is consistent with data from
Miiller (1947). That author assigned pollen of P. alpina to
the coronopus type, which is right in our opinion.
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Klimko M. et al.

Figs 10-13. Plantago media L.

Fig. 10. Pollen grains (x600).

Fig. 11. Overall view with pore (x3100).

Fig. 12. Pore with granulate operculum (x6200).
Fig. 13. Pores with granulate opercula (x2020).

Species Plantago maritima L. subsp. maritima

Plantago maritima type (Figs 20-22)

Pollen class: 5-8 (9) pantoporate.

Size: medium, P — 23.41 ym (18.76-27.06 pm), E — 19.38
pm (16.32-20.93 pm).

P/E ratio: 1.19 (1.14-1.21): grains usually prolate spheroi-
dal or subprolate.

Apertures: Ectoaperture — pore *circular in outline, dia-
meter 3.85 um (2.45-3.62 pm); margin clearly defined, an-
nulus absent or weak, formed by a series of verrucae surro-
unding the pore, membrane covered with sexine granules
and an outgrowth forming an ill-defined operculum. Endo-
aperture — pore congruent with ectoaperture, formed by
a thin area of nexine.

Ornamentation: Verrucate, the verrucae well-defined,
*circular in outline; verrucae surrounding the pore slightly
to distinctly denser; channels between verrucae with di-
stinct granula.

Comments: Fagri, Iversen (1992) and More et al. (1991)
report that pollen grains of this species lack opercula and
are distinctly microechinae. Pore diameter 3-5 mm. Mate-
rial from Poland was characterized by smaller pores and
uniform annulus structure, composed of disjunct verrucae.
As reported by Clarke and Jones (Ic), the P. maritima type
is morphologically the most variable type of the family in
NW Europe. P. arenaria and P. alpina are assigned to this
type. The species included in this type are taxonomically
distinct: P. maritima and P. alpina belong to the section
Maritima, while P. arenaria to the section Psyllium.
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Figs 14-16. Plantago coronopus L. subsp. coronopus.
Fig. 14. Pollen grains (x600).
Fig. 15. Overall view with pore and annulus (x3100).
Fig. 16. Annulus (x3100).

Species Plantago atrata Hoppe subsp. carpatica (syn. P.
montana Lam.)

Plantago atrata type (Figs 23-25)

Pollen class: 4-6 pantoporate.

Size: medium, P — 29.65 um (27.12-31.58 pm), E — 25.76
um (23.68-28.42 pm).

P/E ratio: 1.15 (1.01-1.25): grains usually prolate spheroi-
dal or tspherical.
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Figs 17-19. Plantago alpina L.

Fig. 17. Pollen grains (x600).

Fig. 18. Overall view with ornamentation and pore (x3100).
Fig. 19. Pore with annulus, detail of ornamentation (x6200).

Apertures: Ectoaperture — pore tcircular or irregular in
outline, slightly sunken; pore diameter 3.72 ym (3.00-4.00
pm), margin ill-defined, irregular; annulus absent; mem-
brane covered with granules forming an ill-defined opercu-
lum. Endoaperture — pore congruent with ectoaperture, for-
med by a thin nexine.
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3um
Figs 20-22. Plantago maritima L. subsp. maritima. Figs 23-25. Plantago atrata Hoppe subsp. carpatica (S00) S06.
Fig. 20. Pollen grains (x600). Fig. 23. Pollen grains (x600).
Fig. 21. Ornamentation and pores (x3100). Fig. 24. Overall view with ill-defined pores (x3100).

Fig. 22. Sculpture and pore with granulate operculum (x6200). Fig. 25. Detail of ornamentation: verrucae with puncta (x6200).
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Figs 26-28. Plantago lanceolata L.

Fig. 26. Pollen grains (x600).

Fig. 27. Overall view with pores (x3100).

Fig. 28. Annulus and solid operculum (x6200).

Ornamentation: Verrucate, the verrucae very well-defi-
ned, coarse, rather flat, irregular in outline, varying in size
around the pore. Channels between verrucae with distinct
granule.
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Comments: Pollen grains of and P. alpina are verrucate.
In P. atrata subsp. carpatica the verrucae are well-defined,
with marked granulation; annulus absent. By contrast, in P.
alpina the annulus is present, although discontinuous, and
operculum is well-defined. In P. atrata subsp. carpatica,
operculum is ill-defined. Aperture membrane is not reticu-
late or minutely verrucate, which contrasts with the fin-
dings of Stachurska et al. (1981).

Species Plantago lanceolata L.

Plantago lanceolata type (Figs 26-28)

Pollen class: (7)9-12 (16) pantoporate.

Size: medium, P — 25.22 pm (19.65-29.79 pym), E — 20.93
pm (16.58-26.16 um).

P/E ratio: 1.03 (1.00-1.11): grains usually spherical or pro-
late spheroidal.

Apertures: Ectoaperture — pore tcircular in outline, pore
diameter 2.76 pm (2.57-3.11 pm); margins well-defined;
annulus slightly raised, 1.24 pm (0.81-1.63 pm) wide; well-
defined solid operculum. Endoaperture — pore congruent
with ectoaperture, formed by a thin area of nexine.
Ornamentation: Verrucate, the verrucae large, irregular in
outline, often rather diffuse, channels between verrucae
with minute puncta.

Comments: The most obvious distinguishing character of
the P. lanceolata type is the complete operculum. This ty-
pe is the only one of the family that is truly operculate
(Clarke, Jones Ic). In the P. lanceolata type the operculum
is structurally similar to the rest of sexine, as in P. alpina.
Pollen grains are not distinctly microechinate (Feegri, Iver-
sen 1992). Clarke, Jones (1997) give the following parame-
ters of pollen grains in NW Europe: in the P plane (21) 24-
-32 (34) pm, pore diameter 3-4 um, annulus up to 2.00
pm wide. Results of our study suggest that pollen grains
have smaller pores, but Sadowska et al. (1986) reported
that pore diameter ranged from 4.5 to 6.0 pm and the annu-
lus was rather narrow.

Species Plantago arenaria W.K.

Plantago arenaria type (Figs 29-32)

Pollen class: 5-8 pantoporate.

Size: medium, P — 26.44 ym (23.68-29.21 ym), E — 23.71
pm (20.52-27.24 pm).

P/E ratio: 1.11 (1.00-1.25): grains usually subprolate,
spherical or prolate spheroidal.

Apertures: Ectoaperture — pore rather irregular to xcircular
or elliptical, sometimes slightly sunken, diameter 3.23
pm (2.37-4.24 pm); margin ill-defined, irregular. Annulus
absent, membrane covered with granules forming an ill-de-
fined operculum. Endoaperture — pore congruent with ecto-
aperture, formed by a thin area of nexine.

Ornamentation: Verrucate, the verrucae well-defined, sli-
ghtly convex, irregular in outline, variable around pores.
Channels between verrucae with puncta.

Comments: Pollen grains of this species are assigned to
the maritima type (Clark, Jones 1977). However, marked
differences were observed in both quantitative and qualita-
tive traits, and the two species belong to different sections
(see page 320).

As a result of clustering by the immediate neighbourhood
method with Manhattan distances, a fenogram was con-
structed on the basis of quantitative and qualitative traits
(Fig. 33). Three groups can be seen on the dendrogram: (1)
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Figs 29-32 Plantago arenaria Waldst. & Kit.
Fig. 29. Pollen grains (x600).

Fig. 30. Overall view with pores (x2980).

Fig. 31. Ornamentation and sunken pores (x2500).
Fig. 32. Pore with granulate operculum (x6200).

P. maritima subsp. maritima, P. intermedia, and P. major,
(2) P. media, P. atrata subsp. caipatica, and P. arenaria;
and (3) P. coronopus subsp. coronopus and P. alpina. The
most distinct is P. lanceolata, which occupies an isolated
position. Similarity can be noticed between some of the di-
stinguished pollen grain types, for example between the P.
major type and P. maritima type; however, P. arenaria —
assigned to the P. maritima type — occupies a distinct posi-
tion.

CONCLUSIONS

1. The P. major type includes pollen grains of P. major
and P. intermedia. The greatest differences concern sculp-
ture, which is highly variable in P. intermedia. Pollen gra-
ins are covered with spherical, irregular, or club-shaped
verrucae. In mature anthers of P. intermedia, pollen grains
vary in size and shape, but sculpture is similar. Differences
between the two species concern also pore diameter: 4.59
pm in P. major and 2.37 in P. intermedia. Hence we sug-
gest that a separate P. intermedia type should be distingui-
shed.
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2. Pollen grains of the P. media type are verrucate. The
verrucae are large, coarse; pores often sunken, with granu-
lation.

3. The P. coronopus type is characterized by the well-de-
veloped annulus. In our opinion this type should include al-
so P. alpina, in which the annulus is partly open, consi-
sting of two long parts.

4. Pollen grains of native species of the P. maritima type
are distinguished by the annulus composed of disjunct ver-
rucae around the pore. Pollen grains of P. maritima and P.
arenaria, so far assigned to the maritima type, are very dif-
ferent from each other in terms of sculpture, aperture mem-
brane, and location of the pore, which is deeply sunken in
P. arenaria. Thus we suggest that P. arenaria should be as-
signed to a separate type.

5. Pollen grains of P. lanceolata have a complete opercu-
lum. The operculum is structurally similar to the rest of se-
xine, as in P. alpina. Besides, the annulus around the pore
is continuous and wide but relatively flat.

6. Clustering by the immediate neighbourhood method,
based on quantitative and qualitative traits of pollen grains
of the studied species, revealed a great similarity within th-
ree groups: (1) P. maritima subsp. maritima, P. intermedia,
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Fig. 33. Fenogram constructed on the basis of quantitative and qualitative
traits of pollen grains of Plantago species.

and P. major; (2) P. media, P. atrata subsp. carpatica, and
P. arenaria; and (3) P. coronopus subsp. coronopus and P.
alpina. The most distinct is P. lanceolata.
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