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INTRODUCTION

The genus Heracleum L. (Apiaceae) includes bien-
nial and perennial plants characteristic of the Northern 
hemisphere. Important features for the determination of 
Heracleum specimens are life forms, leaf-shape and leaf 
indumentum, as well as indumentum on the stem, pedi-
cles and ovaries. The genus Heracleum L. in Europe is 
represented by nine species (BėĚĒĒĎęę ͻ΃΀΂). However, 
the relationships between them have not been thor-
oughly investigated to date. Among European hogweeds 
seven are endemic species from mountain ranges: H. au-
striacum L. and H. minimum Lam. found in the Austrian 
and French Alps, H. ligusticifolium Bieb., H. pubescens 
(Hoff m.) Bieb. and H. steveni Manden. on the Crimea, 
H. orphanidis Boiss. in the mountains of Macedonia and 
H. carpaticum Porc. in the eastern Carpathians. Another 
species, H. mantegazzianum Sommier & Levier, acciden-
tally introduced from Asia, has been classifi ed as an in-
vasive species (OĈčĘĒĆēē ͻ΃΃΀, PĞŧĊĐ et Ćđ. ͻ΃΃΂). 
The seventh taxon is a common, polymorphic species 
H. sphondylium L., being a frequent meadow, scrub and 
ruderal species in many European countries (SčĊĕĕĆėĉ 
ͻ΃΃ͻ). Due to its considerable morphological variability, 
H. sphondylium is divided into several dozen subspecies, 
varieties and forms, of which most diff er from one an-
other in their fl ower and infl orescence structure (HĊČĎ 

ͻ΃΁Ϳ, MĊĚĘĊđ et Ćđ. ͻ΃΁΂, HĚđęĳē and FėĎĊĘ ͻ΃΂΀). 
Some of the taxa are sometimes treated as separate 
species. Among them two are found in Poland in the 
rank of species, i.e. H. sphondylium L. and H. sibiricum 
L. (GĆĜőĔĜĘĐĆ ͻ΃΀ͻ, KĔĈğĜĆėĆ ͻ΃΀ͺ, MĎėĊĐ et Ćđ. 
ͼͺͺͼ, ZĆďĩĈ and ZĆďĩĈ ͼͺͺ΃) or subspecies H. sphon-
dylium subsp. sphondylium and subsp. sibiricum (BėĚĒ-
ĒĎęę ͻ΃΀΂, RĚęĐĔĜĘĐĎ ͼͺͺ΀). The former has white 
fl owers, of which most are characterised by bilateral 
symmetry. Umbels of hogweed are dense and form one 
surface. Flowers in Siberian cow parsnip are yellowish-
green and with a radial structure, while its infl orescenc-
es have a loose structure (GĆĜőĔĜĘĐĆ ͻ΃΀ͻ). It needs 
to be added here that apart from the wild, H. sphon-
dylium being a native taxa for our fl ora, there are also 
three other taxa: H. pubescens, H. mantegazzianum and 
H. sosnowskyi Manden. The fi rst of the three, downy 
cow parsnip, is an efemerophyte, noted as an oekiophyte 
in Wrocław (RĔĘęĆœĘĐĎ and SĔĜĆ ͻ΃΂΀-ͻ΃΂΁) and in 
the area of Kwidzyn (RĚęĐĔĜĘĐĎ ͼͺͺ΀). The last of the 
three above mentioned, Sosnovsky’s hogweed, originat-
ing from Abkhazia, was described as a separate species 
in ͻ΃;; by MĆēĉĊēĔěĆ (ͻ΃Ϳͻ). However, the name 
H. sosnowskyi for a long time was used as a synonym for 
H. mantegazzianum (JĆčĔĉĔěġ et Ćđ. ͼͺͺ΁). Diagnostic 
traits of H. sosnowskyi are ambiguous and this species is 
frequently mistaken with H. mantegazzianum. The traits 
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diff erentiating H. sosnowskyi from H. mantegazzianum 
is the dense and coarse indumentum of pedicles and pe-
duncles of umbels, as well as characteristic traits of the 
leaf blade (HĆĊĚĕđĊė and MĚĊė ͼͺͺ΁). Pedicles and pe-
duncles in H. mantegazzianum are covered by scarce and 
soft hairs, while leaf blades are more deeply indented 
and more acuminate at the tip and serrate at the margin 
of the leafl et (SęĆĈĊ ͻ΃΃΁).

Apiaceae pollen characters have been mentioned by 
several authors in general pollen keys (EėĉęĒĆē ͻ΃Ϳͼ, 
PĚēę ͻ΃΂;, FĆĊČėĎ and IěĊėĘĊē ͻ΃΂΃, ͻ΃΃ͽ, MĔĔėĊ 
et Ćđ. ͻ΃΃ͻ). PĚēę (ͻ΃΂;) divided the family into Ϳͺ 
pollen types and studied the pollen morphology of 
H. sphondylium subsp. sphondylium, subsp. montanum 
and H. mantegazzianum. The four Polish Heracleum taxa 
accepted here belong to two diff erent groups. Herac-
leum sphondylium belongs to the section of Heracleum, 
while H. mantegazzianum and H. sosnowskyi belong to 
the section of Pubescentia Manch. Apart from morpho-
logical descriptions of Polish species there are several 
published studies on the distribution of H. mantegaz-
zianum and H. sosnowskyi (SĔćĎĘğ ͼͺͺ΁, SĔćĎĘğ and 
TėĚĈčĆē ͼͺͺ΂, PĎĜĔĜĆėĘĐĎ ͼͺͻͻ and cited literature) 
and pollination biology of H. sphondylium (ZĞĈč ͼͺͺͼ, 
ͼͺͺ΁) but the ultrastructure of the anther and pollen 
grain surface has not been given.

The purpose of this study was to describe and inves-
tigate anther and pollen grain morphology and micro-
morphology of Heracleum in Poland and to evaluate the 
diagnostic value of these characters in the taxonomic 
context.

MATERIAL AND METHODS

Anthers and pollen grains of four taxa belonging to 
the Heracleum genus were studied. Mature fl owers prior 
and after dehiscence were collected from ΀; diff erent 
localities distributed all over Poland. Voucher specimens 
were deposited in the Herbarium of the Department of 
Botany, the Poznań University of Life Sciences (PZNB) 
and are available from the fi rst author upon request. 
Observations of anther dehiscence were carried out fi rst 
under a stereo microscope (SM), a pollen grain under 
light microscope (LM) and fi nally a scanning electron 
microscope (SEM). Anthers of H. sphondylium subsp. 
sphondylium came from specimens with white and pink-
ish fl owers, while those of subsp. sibiricum from green 
fl owers with glabrous and short setae on the ovary. An-
ther and pollen slides were prepared using the technique 
of GĆĜőĔĜĘĐĆ (ͻ΃΀ͻ). Each specimen was represented 
by ͽͺ anthers and pollen grains. Numbers of specimens 
from the studied taxa are presented in Tables ͻ and ͼ. 
The following anther features were measured: length 
(mm), width (mm) and length/width ratio, while for 
pollen grains it was the length of polar axis (P), equato-
rial diameter (E) and P/E ratio. The arithmetical mean, 
standard deviation and coeffi  cient of variation for each 
above-mentioned trait were calculated (Tables ͻ and ͼ). 
The biometrical data analysed statistically. For each 
anther and pollen grains feature, one-factor analysis of 
variance (ANOVA) was used to examine diff erences in 
mean among taxa studied. If critical diff erences were 
noted, multiple comparisons were carried out bases on 
Tukey’s test for unequal sample sizes. Statistical analy-
ses were performed using JMP ΂.ͺ (SAS Institute, Inc. 
Cary, NC, USA: http://www.sas.com/).

TĆćđĊ ͻ. Ranges (minimum-maximum), mean values (±SE), and coeffi  cient of variation (CV) of anther morphological 
features of Heracleum

Taxa
No of 
speci-
mens

Feature

anther length anther width length/width ratio

min max
mean 
(±SE)

CV 
(%) min max

mean 
(±SE)

CV 
(%) min max

mean 
(±SE)

CV 
(%)

H. sphondylium

subsp. sphondylium ͻͽͽ ͺ.΁ͺ ͻ.ͼͺ ͺ.΂΂ 
(ͺ.ͺͻͼ)c

ͻͺ.΀; ͺ.;ͺ ͺ.΂ͺ ͺ.Ϳͽ 
(ͺ.ͺͻͼ)b

ͻ΂.Ϳͼ ͻ.ͼ΂ ͼ.ͻͻ ͻ.΁ͺ 
(ͺ.ͺͼ΀)c

ͻͼ.ͼͽ

subsp. sibiricum ΁Ϳ ͺ.΀Ϳ ͻ.ͺͺ ͺ.΂; 
(ͺ.ͺͻͿ)c

ͻͻ.ͼͺ ͺ.;ͺ ͺ.΁ͺ ͺ.Ϳͻ 
(ͺ.ͺͻͺ)b

ͻͻ.;ͽ ͻ.ͻ΀ ͼ.ͼͿ ͻ.΀΁ 
(ͺ.ͺͽ΃)c

ͻ;.ͺ΁

H. mantegazzianum Ϳͺ ͻ.ͻͺ ͻ.ͽͺ ͻ.ͼͻ 
(ͺ.ͺͻͻ)b

ͻͺ.ͺͼ ͺ.Ϳͺ ͺ.΃ͺ ͺ.΀; 
(ͺ.ͺͻͿ)a

ͻͼ.΃Ϳ ͻ.;ͻ ͼ.;ͺ ͻ.΃ͻ 
(ͺ.ͺ;ͽ)b

ͻͼ.ͼͼ

H. sosnowskyi Ϳͺ ͻ.ͼͿ ͻ.;Ϳ ͻ.ͽͽ 
(ͺ.ͺͻͽ)a

;.ͻͿ ͺ.Ϳͺ ͺ.΂ͺ ͺ.Ϳͻ 
(ͺ.ͺͻͺ)a

ͻͼ.΁΁ ͻ.΁Ϳ ͼ.Ϳͺ ͼ.ͻͼ 
(ͺ.ͺͿ΁)a

ͻͻ.΀΃

ANOVA df F P F P F P

ͼ;΃.΃ͻ < ͺ.ͺͺͺͻ ͼͼ.΃Ϳ < ͺ.ͺͺͺͻ ͼͽ.ͼ΃ < ͺ.ͺͺͺͻ

ANOVAs were performed separately for each anther features to determine the diff erences among taxa studied. Same letters 
indicate a lack of statistically signifi cant diff erences between analysed taxa according to Tukey’s a posteriori test (P < ͺ.ͺͿ).
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The pollen grains in the equatorial view were used. 
The SEM micrographs were taken with a Zeiss EVO 
;ͺ microscope at the Electron Microscopy Laboratory, 
Faculty of Biology, the Adam Mickiewicz University of 
Poznań. Prior to observations, the prepared material 
was sputtered with gold using an SCB ͺͿͺ ion sputter. 
The study was documented by photograph taking dur-
ing observations, primarily at a magnifi cation of × ͼͿͺ 
and × ͼͿͺͺ for anthers, and × ;ͺͺͺ and × ͻͺ ͺͺͺ for 
pollen grains. Micro-morphological features of anthers 
were observed on the dorsal and ventral surfaces and 
exine sculpturing at the equator and at the pole, while 
pollen grains were analysed in the proximal and dis-
tal view. The terminology used to describe anther de-
hiscence followed (RĆĉċĔėĉ et Ćđ. ͻ΃΁;, IĘđĆĒ et Ćđ. 
ͼͺͺ΂). With regard to the anther surface, mainly ter-
minology of BĆėęčđĔęę (ͻ΃΂ͻ) was applied. The pollen 
terminology was adopted from PĚēę (ͻ΃΂;), FĆĊČėĎ and 
IěĊėĘĊē (ͻ΃΂΃) and PĚēę et Ćđ. (ͼͺͺ΁), while the shape 
classifi cation followed that of EėĉęĒĆē (ͻ΃Ϳͼ) based on 
the P/E ratio (Table ͼ).

RESULTS AND DISCUSSION

The main morphological and micro-morphological 
features of the investigated anthers and pollen grains 
are summarized in Tables ͻ and ͼ, while SEM micro-
graphs are shown in Figures ͻ-ͽͽ.

Anther type, shape and size
Typically the stamen consists of a fi lament and an 

anther. The anther is divided into two locular thecae, 
which are joined by a connective. The anthers generally 

open with the aid of mechanical tissue, the endothe-
cium, by creating tension in the maturing anthers and 
helping in pollen dispersal (AćĎĉ and QĆĎĘĊė ͼͺͺ;). 
Based on the mode of anther dehiscence four anther 
types are distinguished, such as longitudinal, poricidal, 
valvular and transverse. The longitudinal type is further 
divided into three subtypes, i.e. extrorse, introrse and 
latrorse (RĆĉċĔėĉ et Ćđ. ͻ΃΁;). Anthers of the studied 
taxa based on their mode of dehiscence belong to the 
longitudinal type (Figs ΂, ͻͺ, ͻ΀) and introrse subtypes. 
In this subtype anthers dehisce longitudinally inward 
to the centre of fl ower. The mode of anther dehiscence 
is a diagnostic feature and can be utilized for taxonom-
ic delimitation at the generic and family levels (BĆēĔ 
et Ćđ. ͼͺͺ΂, IĘđĆĒ et Ćđ. ͼͺͺ΂). 

Generally, most anthers were ovate and elliptic 
(Figs ͻ A, ;, ΀, ΂, ͻͺ and ͻ;), but other shapes were also 
observed, as shown in Figs ͻͼ and ͻ΀. The colour varies 
from green, yellowish-green (subsp. sibiricum) to yellow 
and sparsely dark-brown in the rest. The entire surface 
is uniformly coloured and glabrous. The dorsal surface 
is slightly convex and ventral fl at. The mean anthers 
range from ͺ.΂; mm (subsp. sibiricum) to ͻ.ͽͽ mm (H. 
sosnowskyi) in length and ͺ.Ϳͻ mm (subsp. sibiricum) to 
ͺ.΀; mm (alien species) in width (Table ͻ). Two catego-
ries were identifi ed on the basis of biometrical measure-
ments, small-sized (H. sphondylium) and medium with 
lengths greater than ͻ.ͺ mm (Table ͻ). As it was demon-
strated in this study, anther size in individual taxa varies 
slightly and moderately, as indicated by the calculated 
coeffi  cients of variation (Table ͻ). In the analysed taxa 
coeffi  cients of variations ranged from ;.ͻͿ% to ͻͻ.ͼ% for 
length and from ͻͻ.;ͽ% to ͻ΂.Ϳͼ% for width. The coeffi  -
cient of variation for the length/width ratio ranged from 

TĆćđĊ ͼ. Ranges (minimum-maximum), mean values (±SE), and coeffi  cient of variation (CV) of pollen grains mor-
phological features of Heracleum

Taxa
No of 
speci-
mens

Feature

length of polar axis equatorial diameter P/E ratio

min max
mean 
(±SE)

CV 
(%) min max

mean 
(±SE)

CV 
(%) min max

mean 
(±SE)

CV 
(%)

H. sphondylium

subsp. sphondylium ͻͽͽ ͼ;.ͽ ;Ϳ.΃ ͽ΀.΃ͺ 
(ͺ.΂΀ͼ)b

ͻͼ.΁΃ ͻ΀.ͼ ͼ;.ͽ ͻ΂.΃ͺ 
(ͺ.;ͺ΃)b

ͻͻ.΂΀ ͻ.ͼ΂ ͼ.΀΀ ͻ.΃΁ 
(ͺ.ͺͿͿ)b

ͻͿ.ͼͿ

subsp. sibiricum ΁Ϳ ͼ΁.ͺ ;ͽ.ͼ ͽ΁.΀΀ 
(ͺ.;΂Ϳ)b

΂.ͺ; ͻ΀.ͼ ͼͻ.΀ ͻ΃.ͻͻ 
(ͺ.ͼ΁ͺ)b

΂.΂ͺ ͻ.;ͽ ͻ.΃΁ ͻ.΃΂ 
(ͺ.ͺͽͺ)b

΃.ͼ΂

H. mantegazzianum Ϳͺ Ϳͻ.ͽ ΁ͺ.ͼ ΀ͼ.;Ϳ 
(ͺ.΃Ϳͺ)a

΁.ͼ΃ ͼ;.ͽ ͽͿ.ͻ ͼ΃.΃ͽ 
(ͺ.Ϳ΀ͻ)a

΂.΃΂ ͻ.΂ͽ ͼ.ͺ΃ ͼ.ͺ΃ 
(ͺ.ͺͽͼ)ab

΁.ͽͽ

H. sosnowskyi Ϳͺ Ϳ;.ͺ ΁ͺ.ͼ ΀ͻ.΂΀ 
(ͺ.΀ͽ΂)a

΀.ͺͼ ͼ;.ͽ ͽͼ.; ͼ΃.;΀ 
(ͺ.;ͺͻ)a

΁.΃ͽ ͻ.΂ͽ ͼ.ͻͺ ͼ.ͻͻ 
(ͺ.ͺͼͻ)a

Ϳ.΂΃

ANOVA df F P F P F P

;ͺ΂.ͼͻ < ͺ.ͺͺͺͻ ͼ;ͼ.;ͼ < ͺ.ͺͺͺͻ ͽ.΃΁ ͺ.ͺͺ΃΁

ANOVAs were performed separately for each pollen grains among taxa studied features to determine the diff erences among 
taxa studied. Same letters indicate a lack of statistically signifi cant diff erences between analysed taxa according to Tukey’s 
a posteriori test (P < ͺ.ͺͿ).
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FĎČĘ ͻ-΃. SEM. Ventral and dorsal surface of the anthers of Heracleum
FĎČĘ ͻ-Ϳ. Heracleum sphondylium subsp. sphondylium; Figs ΀-΃. Heracleum sphondylium subsp. sibiricum (Note, mag-
nifi cation Fig. ; × ͻͺͺͺ; Fig. ΂ × Ϳͺͺ)
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FĎČĘ ͻͺ-ͻ΁. SEM. Ventral and dorsal surface of the anthers of Heracleum
FĎČĘ ͻͺ-ͻͽ. Heracleum mantegazzianum; Figs ͻ;-ͻ΁. Heracleum sosnowskyi (Note, magnifi cation Fig. ͻͺ × ͼͺͺ)
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FĎČĘ ͻ΂-ͼͿ. Pollen morphology in proximal and distal view of Heracleum in SEM
FĎČĘ ͻ΂-ͼͻ. Heracleum sphondylium subsp. sphondylium; Figs ͼͼ-ͼͿ. Heracleum sphondylium subsp. sibiricum
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FĎČĘ ͼ΀-ͽͽ. Pollen morphology in proximal and distal view of Heracleum in SEM
FĎČĘ ͼ΀-ͼ΃. Heracleum mantegazzianum; Figs ͽͺ-ͽͽ. Heracleum sosnowskyi
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ͻͻ.΀΃% to ͻ;.ͺ΁%. Statistical analysis showed signifi cant 
diff erences (P < ͺ.ͺͿ) among taxa for all features of an-
ther (Table ͻ). Multiple comparisions based on Tukey’s 
test showed the presence of two uniform group of spe-
cies based on mean value of anther. Anther size and 
shape in both subspecies of H. sphondylium and width 
in the giant species were similar and no statistically 
signifi cant diff erences were noted between these taxa 
(Table ͻ). The signifi cant diff erences were observed in 
length and length/with ratio between H. mantegazzia-
num and H. sosnowskyi (Table ͻ). There are only few 
data concerning the size of anthers. According to Nordic 
materials (IēęĊėēĊę http://www.fl oranordica.org) an-
ther length of H. sphondylium were in the range of ͺ.΁-
-ͺ.΃ mm and of H. mantegazzianum ͺ.΃-ͻ.; mm. Thus, 
biometrical data constitute a valuable supplementation 
of extremely scarce literature data.

Ornamentation of anther
To date the surface of anthers has not been stud-

ied in Heracleum. The micro-morphological features of 
anthers were observed on the dorsal (Figs ͻ B, ;, ΂, ͻͺ 
and ͻ΀) and ventral surfaces (Figs ͻ A, ΀, ͻͼ, ͻ;). The 
sculpturing varied from tuberculate (Figs ͼ, ͻͻ, ͻͿ), ru-
gulate (Figs ΃, ͻ΁) to rugulate-striate (Figs ͽ, Ϳ, ΁, ͻͽ). 
Micromorphological characters, especially those of the 
ventral surface, show greater variation between taxa and 
thus are more useful in the taxonomy of this genus.

The present study is the fi rst to investigate the an-
ther surface of Heracleum and detailed observations 
provided new data.

Pollen
Symmetry, size and shape

The pollen grains are radially symmetrical and 
isopolar with the polar axis of ͼ;.ͽ-΁ͺ.ͼ μm and the 
equatorial diameter of ͻ΀.ͼ-ͽͿ.ͻ μm (Table ͼ). Two 
main types of pollen grains are present in Heracleum: 
one prolate in shape with a P/E ratio from ͻ.΀΁ (subsp. 
sibiricum) to ͻ.΃ͻ in H. mantegazzianum and the other 
perprolate with a P/E ratio of ͼ.ͻͼ in H. sosnowskyi. 
Perprolate pollen generally dominated in H. sosnowskyi 
(΁΀.Ϳ%), H. mantegazzianum (΀΃.΀%), H. sphondylium 
subsp. sphondylium (Ϳ΂.ͺ΀%) and was least abundant 
in H. sphondylium subsp. sibiricum (ͽ΁.ͻ΃%). CĊėĈĊĆĚ-
-LĆėėĎěĆđ (ͻ΃΀ͼ) divided the pollen of Apiceae into fi ve 
distinct types based on the P/E ratio. Our pollen grains 
of Heracleum taxa could be included in the oval and 
subrectangular pollen types as classifi ed by CĊėĈĊĆĚ-
-LĆėėĎěĆđ (ͻ΃΀ͼ). The outline is elliptic in the equato-
rial view, the inner of the mesocolpium side is straight, 
and the outer contour is straight or slightly concave in 
all the studied taxa.

According to the classifi cation of FĆĊČėĎ and IěĊė-
ĘĊē (ͻ΃΂΃) based on the length of the polar (P) and 
equatorial diameter (E), two types of pollen grains 
can be distinguished in taxa of Heracleum. The fi rst 
type, medium-sized of ͽ΀.΃ͺ-ͽ΁.΀΀ × ͻ΂.΃-ͻ΃.ͻͻ μm 
are typical of H. sphondylium, while the other, larger of 
΀ͻ.΂΀-΀ͼ.;ͺ × ͼ΃.;΀-ͼ΃.΃ͽ μm are observed in H. man-
tegazzianum and H. sosnowskyi. Statistical analyses 
showed signifi cant diff erence among taxa studied for all 
pollen features analysed. Multiple comparisions based 

on Tukey’s test showed the presence of two uniform 
groups of taxa (Table ͼ). It is well known that pollen 
grain dimensions in many genera are correlated with 
their chromosome number (KĆĕĆĉĎĆ and ČĔĚđĉ ͻ΃΀;, 
AēĈčĊě and DĊēĊěĆ ͻ΃΃΁, KĆęĘĎĔęĎĘ and FĔėĘćĊėČ 
ͻ΃΃Ϳ). All Heracleum taxa hitherto studied are diploid 
with ͼn = ͼͼ. The range of P and E in pollen grains of 
H. sphondylium subsp. sphondylium and subsp. sibiricum 
is according to GĆĜőĔĜĘĐĆ (ͻ΃΀ͻ). The dimension of 
pollen in H. sphondylium and H. mantegazzianum in 
Nordic materials is ͽ΂-;΁ × ͻ΃-ͼ΀ μm and Ϳͺ-΁; × ͼ΂-
-;ͼ μm, respectively, but there is no information wheth-
er the pollen was acetolised or not. The P, E, and P/E 
features for subsp. sibiricum and alien species showed 
low variability (P – ΀.ͺͼ-΂.ͺ;%, E – ΁.΃ͽ-΂.΃΂%) and P/E 
ratio (Ϳ.΂ͽ-΃.ͼ΂%). This features for subsp. sphondylium 
were characterized by moderate levels of variability 
(P – ͻͼ.΁΃%, E – ͻͻ.΂΀%) and P/E – ͻͿ.ͼͿ% (Table ͼ). 
Several studies on pollen length in Heracleum have been 
made and they all suggest that length alone is a use-
ful diagnostic character e.g. in H. platytaenium Bois 
(pollen ΀Ϳ-΀΁ × ͽͺ-ͽ; mμ), H. persicum Desf. ex Fisch. 
(Ϳͻ-΀΀ × ͼ;-ͽͽ μm). The ranges of pollen size in both 
subspecies of H. sphondylium, H. mantegazzianum and 
H. sosnowskyi overlap, but ranges in the length of po-
lar axis (P) did not overlap between native and alien 
taxa. 

Aperture
The pollen grains are operculate, tricolporate, colpi 

with costae. Endopores are equatorially elongated, form-
ing an almost continuous coastal zone. Usually located 
in the middle of ectocolpi (Figs ͼ΂, ͼ΃, ͽͼ, ͽͽ), with 
a psilate operculum (Figs ͼ΂, ͼ΃). Margins of the en-
doperture distinct in H. spondylium subsp. sphondylium 
(Figs ͼͺ, ͼͻ, ͼ;) and more or less distinct in H. man-
tegazzianum and H. sosnowskyi (Figs ͼ΂, ͽͽ). Ends of 
margins are more or less diff use (Figs ͼͻ, ͼͿ, ͼ΂, ͽͼ). 

Exine sculpturing
The exine sculpturing was observed on the proxi-

mal (Figs ͻ΂, ͻ΃, ͼͻ, ͼͼ, ͼͽ, ͼ΀, ͼ΁, ͽͺ) and distal view 
(Figs ͼͺ, ͼͻ, ͼ;, ͼͿ, ͼ΂, ͼ΃, ͽͼ, ͽͽ) at the equator and at 
the pole. Various ornamentation types were observed: 
rugulate in the equatorial area was found in all the stud-
ied taxa, psillate-perforate at the pole (Figs ͼͽ, ͼ΁) in 
subsp. sibiricum and H. mantegazzianum and slightly 
striate (Figs ͻ΃, ͽͻ) in subsp. sphondylium and H. so-
snowskyi. The results of the present paper demonstrated 
that sculpture is not a good criterion for the identifi ca-
tion of taxa from the Heracleum sect. Heracleum and 
Pubescentis and the pollen ornamentation was similar 
in all the specimens. Apiceae pollen grains are often 
rugulate, e.g. in the genus Smyrnum L. (MĚēČĆē et Ćđ. 
ͼͺͻͻ), Tetratenium (DC.) Manden (YĔĚĘĊċğĆĉĎ et Ćđ. 
ͼͺͺ΀) and in Bupleurum gilesii Wolff  (PĊėěĊĊē and 
QĆĎĘĊė ͼͺͺ΀). In the genus Seseli L. diff erences can be 
found between the equator (rugulate, striate-reticulate) 
and at the pole (psilate-perforate, rugulate and striate) 
(GűēĊė et Ćđ. ͼͺͻͻ). 

According to PĚēę (ͻ΃΂;) in the Heracleum type 
colpi are short or rather long with diff use ends. In 
H. sphondylium columellae at poles are distinctly longer 
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than those at the shoulders and usually longer than 
those at the equator; collumelae in the mesocolpium 
in the cross-section are more or less circular, margins 
of the endoaperture distinct, P usually < ;΂ μm. In 
H. mantegazzianum columellae at the poles are slightly 
longer or not longer than at the shoulders, often shorter 
than the equator; columellae in the mesocolpium in the 
cross-section are more or less angular, margins of the 
endoaperture are less distinct, ends more or less dif-
fuse, P usually > ;΂ μm. Our studies confi rm literature 
data published to date. More detailed characteristics 
of pollen grains, such as the columnar structure of the 
tectum, exine thickness and the colpal membrane are 
of taxonomic importance, but for technical reasons are 
not practicable in pollination studies. On the basis of 
the distribution, biometrical and micro-morphological 
traits of anthers and pollen grains and ovary/fruits and 
seeds (KđĎĒĐĔ and TėĚĈčĆē, unpubl. data, KĔĜĆđ 
ͻ΃΁Ϳ) we conclude that H. sphondylium and H. sibiri-
cum are not two distinct species, but H. sphondylium in 
the Polish fl ora should be divided into two lowest taxa 
in the rank of subspecies. The distribution of both sub-
species of H. sphondylium needs to be re-examined. So 
far it has been reported that subsp. sphondylium is not 
found in the Pomerania region, where it is replaced by 
subsp. sibirica (KĚđĕĆ ͻ΃Ϳ΂, GĆĜőĔĜĘĐĆ ͻ΃΀ͻ, SğĆċĊė 
et Ćđ. ͻ΃΀Ϳ). Our studies do not confi rm this assump-
tion, since in Central Pomerania subsp. sphondylium is 
observed frequently. The observations ZĞĈč (ͼͺͺͼ) also 
show that both taxa can be found in diff erent regions. 
A more detailed analysis including more species of He-
racleum should better clarify the systematic relation-
ships within this genus.

CONCLUSIONS

On the basis of the conducted investigations it was 
found statistically signifi cant diff erences in quantitative 
morphological features of anther and pollen grains of 
studied taxa.

The high similarity showed both subspecies of 
H. sphondylium and H. mantegazzianum and H. so-
snowskyi. The anthers were ovate and elliptic, green, 
yellowish-green in H. sphondylium subsp. sibiricum, yel-
low and sparsely dark-brown in the rest. Ornamentation 
varies from tuberculate, rugulate to rugulate-striate. 
Hogweed (H. sphondylium), a common European um-
bellifer, is very variable in terms of fl ower, infl orescence 
morphology and in micro-morphology surface of anther. 
The pollen grains were radially symmetrical and isopo-
lar. Two main types of pollen grains were found pro-
late and perprolate in the equatorial view. The pollen 
grains were operculate, tricolporate, colpi with costae. 
Various ornamentation types were observed: rugulate 
in the equatorial area was found in all the studied taxa, 
psillate-perforate and slightly striate at the pole. The 
results demonstrated that sculpture is not a good crite-
rion for the identifi cation of taxa from the Heracleum. 
On the basis of the distribution, biometrical and micro-
morphological traits of anthers and pollen grains we 
conclude that H. sphondylium and H. sibiricum are not 
two distinct species, but H. sphondylium in the Polish 

fl ora should be divided into two lowest taxa in the rank 
of subspecies.

Acknowledgements
We would like to express our gratitude to Aneta 

Czarna for her help in the collection of materials and 
to Wojciech Klimko for his assistance with computer 
records. We kindly thank Dr. Andrzej M. Jagodziński 
(Institute of Dendrology, Polish Academy of Sciences, 
Kórnik, Poland) for his statistical advice during the 
preparation of this paper. The study was partly sup-
ported by the Department of Botany, Poznań Univer-
sity of Life Sciences and the Department of Botany and 
Genetics, Pomeranian University in Słupsk.

REFERENCES

AćĎĉ R., QĆĎĘĊė M. (ͼͺͺ;): The endothecium in Inula L. 
and its allied genera (Inuleae-Compositae) from Pa-
kistan and Kashmir. Pak. J. Bot. ͽ΀, ͽ: ;΂ͻ-;΂΀.

AēĈčĊě M., DĊēĊěĆ B. (ͻ΃΃΁): Pollen morphology of 
seventeen species from family Brassicaceae (Cruci-
ferae). Phytol. Balcan. ͽ: ΁Ϳ-΂ͼ.

BĆēĔ R., AćĎĉ R., QĆĎĘĊė M. (ͼͺͺ΂): Anther types of the 
Monocots within of Karachi, Pakistan. Pak. J. Bot. 
;ͺ, Ϳ: ͻ΂ͽ΃-ͻ΂;΃.

BĆėęčđĔęę W. (ͻ΃΂ͻ): Epidermal and seed surface char-
acters of plants: systematic applicability and some 
evolutionary aspects. Nord. J. Bot. ͻ: ͽ;Ϳ-ͽͿͿ.

BėĚĒĒĎęę R.K. (ͻ΃΀΂): Heracleum L. In: Flora Europaea. 
Vol. ͼ. Rosaceae to Umbelliferae. Eds T.G. Tutin, V.H. 
Heywood, N.A. Burges, D.M. Moore, D.H. Valentine, 
S.M. Walters, D.A. Weeb. Cambridge University 
Press, Cambridge: ͽ΀;-ͽ΀΀. 

CĊėĈĊĆĚ-LĆėėĎěĆđ M.T. (ͻ΃΀ͼ): Plantules et pollen 
d΄Ombellifères. Mèm. Mus. Nat. Hist. Nat. Sèr. ͼB, 
ͻ;: ͻ-ͻ΀;.

EėĉęĒĆē G. (ͻ΃Ϳͼ): Palynology morphology and plant 
taxonomy Angiosperms. An introduction to palynol-
ogy ͻ. Almqvist and Wiksell, Stockholm.

FĆĊČėĎ K., IěĊėĘĊē J. (ͻ΃΂΃): Textbook of pollen analy-
sis. Eds K. Faegri, P.E. Kaland, K. Krzywiński. Wiley, 
Chichester.

FĆĊČėĎ K., IěĊėĘĊē J. (ͻ΃΃ͽ): Bestimmngsschlüssel für 
die Nordwesteuropäische Pollenfl ora. Fischer, Jena.

GĆĜőĔĜĘĐĆ M. (ͻ΃΀ͻ): Systematyka wewnątrzgatun-
kowa Heracleum sphondylium L. i Heracleum sibiri-
cum L., występujących w Polsce i krajach sąsiednich 
– Taxonomy of the species Heracleum sphondylium L. 
and Heracleum sibiricum L. occurring in Poland and 
in neighbouring countries. Fragm. Florist. Geobot. 
΁, ͻ: ͽ-ͽ΃.

GűēĊė E.D., DĚĒĆē H., PĎēĆė N.M. (ͼͺͻͻ): Pollen 
morphology of the genus Seseli L. (Umbelliferae) in 
Turkey. Turk. J. Bot. ͽͿ: ͻ΁Ϳ-ͻ΂ͼ.

HĆĊĚĕđĊė H., MĚĊė T. (ͼͺͺ΁): Bildatls der Farn- und 
Blütenpfl anzen Deustchlands. Eugen Ulmer, Stutt-
gart: ͽ΁΂-ͽ΁΃.

HĊČĎ G. (ͻ΃΁Ϳ): Heracleum L. In: Illustierte Flora von 
Mitteleuropa. Mit besonderer Berücksichtigung von 
Deutschland, Österreich und der Schweiz. Band Ϳ, 
Teil ͼ, Dicotyledones, Cactaceae-Cornaceae ͽ. Eds 



Ϳ΂ M. Klimko, M. Truchan, Z. Sobisz

G. Hegi, H. Beger, H. Marzell. Carl Hanser, München, 
Paul Parey, Berlin u. Hamburg: ͻ;ͻͿ-ͻ;Ϳ΁. 

HĚđęĳē E., FėĎĊĘ M. (ͻ΃΂΀): Atlas of north European 
vascular plants of the tropic of cancer. II. Maps ͻ;ͼ΃-
-ͻ;ͽͺ; III. ͻͻͺͻ-ͻͻͺͼ. Koeltz Scientifi c Books, König-
stein.

IēęĊėēĊę  http://www.fl oranordica.org.
IĘđĆĒ M.S., AćĎĉ R., QĆĎĘĊė M. (ͼͺͺ΂): Anther types of 

Dicots within fl ora of Karachi, Pakistan. Pak. J. Bot. 
;ͺ, ͻ: ͽͽ-;ͻ. 

JĆčĔĉĔěġ Š., FėśćĊėČ L., PĞŧĊĐ P., GĊđęĒĆē D., TėĞ-
ćĚĘč S., KĆėĕ A. (ͼͺͺ΁): Taxonomy, identifi cation, 
genetic relationships and distribution of large Herac-
leum species in Europe. In: Ecology and management 
of giant hogweed (Heracleum mantegazzianum). Eds 
P. Pyšek, M.J.W. Cock, W. Nentwig, H.P. Ravn. CAB 
International, Oxfordshire, Cambridge: ͻ-ͻ΃.

KĆĕĆĉĎĆ Z.J., GĔĚđĉ F.W. (ͻ΃΀;): Biosystematic studies 
in the Bouteloua curtipendula complex ͽ. Pollen size 
as related to chromosome numbers. Am. J. Bot. Ϳͻ: 
ͻ΀΀-ͻ΁ͼ.

KĆęĘĎĔęĎĘ A., FĔėĘćĊėČ R.A. (ͻ΃΃Ϳ): Pollen grains sizes 
in four ploidy levels of genus Avena. Euphytica ΂ͽ: 
ͻͺͽ-ͻͻ΂.

KđĎĒĐĔ M., TėĚĈčĆē M.  Ovary/fruits and seeds mor-
phology of native and alien species of the genus He-
racleum L. (Apiaceae) in Poland (unpubl. data).

KĔĈğĜĆėĆ M. (ͻ΃΀ͺ): Heracleum L. In: Dwuliścienne 
wolnopłatkowe – dwuokwiatkowe. Instytut Botaniki, 
Polska Akademia Nauk Kraków. ΁: ͻͻ΃-ͻͼͽ. 

KĔĜĆđ T. (ͻ΃΁Ϳ): Studia nad morfologią owoców nie-
których gatunków rodzaju Heracleum L. (Fruit mor-
phology of some Heracleum L. species). Monogr. Bot. 
;΃: ΁΃-ͻͺ΃.

KĚđĕĆ W. ((ͻ΃Ϳ΂): Owoce i nasiona chwastów. PWN, 
Warszawa. 

MĆēĉĊēĔěĆ I.P. (ͻ΃Ϳͻ): Rod borščevik – Heracleum. 
In: Flora SSSR. Vol. ͻ΁. Ed. B.K. Šiškin. Izdatel’stvo 
Akademii Nauk SSSR, Moskva-Leningrad: ͼͼͽ-ͼͿ΃.

MĊĚĘĊđ H., JĤČĊė E., RĆĚĘĈčĊėę S., WĊĎēĊėę E. (ͻ΃΁΂): 
Vergleichende Chorologie der Zentraleuropäischen 
Flora. Bd. II, Karten: ͽͻ΃d, ͽͼͺa. Fischer, Jena.

MĎėĊĐ Z., PĎĻĐĔť-MĎėĐĔĜĆ H., ZĆďĩĈ A., ZĆďĩĈ M. 
(ͼͺͺͼ): Flowering plants and pteridophytes of Po-
land. A checklist. Vol. ͻ. Biodiversity of Poland. 
– Krytyczna lista roślin naczyniowych Polski. T. ͻ. 
Różnorodność biologiczna Polski. W. Szafer Institute 
of Botany, Polish Academy of Science, Kraków.

MĔĔėĊ P.D., WĊćć J.A., CĔđđĔēĘĔē M.E. (ͻ΃΃ͻ): Pollen 
analysis. Blackwell Scientifi c Publications, London.

MĚēČĆē F., YĎđĉĎğ K., MĎēĆėĊĈĎ E., KĎđĎĈ M. (ͼͺͻͻ): 
A palynological study of the genus Smyrnium L. 
(Umbelliferae) from Turkey. J. Med. Plants. Res. Ϳ, 
΀: ΃΃΁-ͻͺͺͽ.

OĈčĘĒĆēē J. (ͻ΃΃΀): Heracleum mantegazzianum Som-
mier & Levier (Apiaceae) in Deutschland – Untersu-
chungen zur Biologie, Verbreitung, Morphologie und 
Taxonomie. Feddes Repert. ͻͺ΁, ΁-΂: ͿͿ΁-Ϳ΃Ϳ.

PĊėěĊĊē A., QĆĎĘĊė M. (ͼͺͺ΀): Pollen fl ora of Paksitan 
– XLVIII, Umbelliferae. Pak. J. Bot. ͽ΂, ͻ: ͻ-ͻ;.

PĎĜĔĜĆėĘĐĎ B. (ͼͺͻͻ): The distribution of Heracleum 
mantegazzianum Sommier & Levier and H. sosnow-
skyi Manden. in the Płaskowyż Jędrzejowski plateau 
(Wyżyna Małopolska upland). Rocz. AR Pozn. ͽ΃ͺ, 
Bot. Stec. ͻͿ: ͻͽ-ͻ΂.

PĚēę W. (ͻ΃΂;): Umbelliferae (Apiceae). The northwest 
European pollen fl ora, ͽ΁. Rev. Paleobot. Palynol. ;ͼ, 
ͻ-;: ͻͿͿ-ͽ΀ͽ. 

PĚēę W., HĔĊē P.P., BđĆĈĐĒĔėĊ S., NĎđĘĘĔē S., LĊ TčĔ-
ĒĆĘ A. (ͼͺͺ΁): Glossary of the pollen and spore ter-
minology. Rev. Paleobot. Palynol. ͻ;ͽ: ͻ-΂ͻ. 

PĞŧĊĐ P., KĔĕĊĐ M., JĆėĔĘĎĐŧĎĐ V., KĔęĐĔěġ P. (ͻ΃΃΂): 
The role of human density and climate in the spread 
of Heracleum mantegazzianum in the Central Euro-
pean landscape. Divers. Distrib. ;: ΃-ͻ΀.

RĆĉċĔėĉ A.D., DĎĈĐĎĘĔē W.C., MĆĘĘĊĞ J.R., BĊđđ C.R. 
(ͻ΃΁;): Vascular plant systematics. Harper & Row 
Publisher, New York. 

RĔĘęĆœĘĐĎ K., SĔĜĆ R. (ͻ΃΂΀-ͻ΃΂΁): Alfabetyczny wy-
kaz efemerofi tów Polski. Fragm. Florist. Geobot. 
ͽͻ-ͽͼ, ͻ-ͼ: ͻͿͻ-ͼͺͿ.

RĚęĐĔĜĘĐĎ L. (ͼͺͺ΀): Klucz do oznaczania roślin na-
czyniowych Polski niżowej. Wyd. Nauk. PWN, War-
szawa. 

SčĊĕĕĆėĉ A.W. (ͻ΃΃ͻ): Heracleum sphondylium L. J. 
Ecol. ΁΃, ͻ: ͼͽͿ-ͼͿ΂.

SĔćĎĘğ Z. (ͼͺͺ΁): Phytocenoses with Heracleum sosnow-
skyi Manden in central Pomerania. Rocz. AR Pozn. 
ͽ΂΀, Bot. Stec. ͻͻ: Ϳͽ-΀΀.

SĔćĎĘğ Z., TėĚĈčĆē M. (ͼͺͺ΂): Materials concerning the 
distribution of invasive species in Central Pomera-
nia. Rocz. AR Pozn. ͽ΂΁, Bot. Stec. ͻͼ: ΁΃-΂Ϳ.

SęĆĈĊ C. (ͻ΃΃΁): New fl ora of the British Isles. Cam-
bridge University Press, The Bath Press, Bath. 

SğĆċĊė W., KĚđĈğĞœĘĐĎ S., PĆĜőĔĜĘĐĎ B. (ͻ΃΀Ϳ): Roś-
liny polskie. PWN, Warszawa.

YĔĚĘĊċğĆĉĎ M., AğĎğĎĆē D., SĔēćĔđĎ A., MĊčėĆćĎĆē 
A.R. (ͼͺͺ΀): Palynological studies of the genus Tetra-
tenium (Apiceae) from Iran. Iran. J. Bot. ͻͼ, ͻ: ;;-;΀.

ZĆďĩĈ M., ZĆďĩĈ A. (ͼͺͺ΃): Elementy geografi czne rodzi-
mej fl ory Polski. Pracownia Chorologii Komputero-
wej Instytutu Botaniki UJ, Kraków: ΃-΃;.

ZĞĈč M. (ͼͺͺͼ): Pollination biology of Heracleum sphon-
dylium L. (Apiaceae). The advantages of being white 
and compact. Acta Soc. Bot. Pol. ΁ͻ: ͻ΀ͽ-ͻ΁ͺ.

ZĞĈč M. (ͼͺͺ΁): On fl ower visitors and true pollinators: 
The case of protandrous Heracleum sphondylium L. 
(Apiaceae). Plant Syst. Evol. ͼ΀ͽ: ͻͿ΃-ͻ΁΃.

For citation: Klimko M., Truchan M., Sobisz Z. (ͼͺͻͼ): 
Anther and pollen morphology of native and alien species 
of the genus Heracleum L. (Apiaceae) in Poland. Rocz. AR 
Pozn. ͽ΃ͻ, Bot. Stec. ͻ΀: Ϳ-ͻ;.


