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Pollen morphology of Polygala taxa from the family Polygalaceae in Turkey is presented in this study. Pollen 
features of 18 species along with one undescribed species in the section Polygala were examined with light 
and scanning electron microscopy, 11 of which were studied and defined for the first time. Cluster analysis 
and principal components analysis were conducted to determine informative palynological characters and to 
discover similarities among the studied taxa. Based on qualitative and quantitative variables in the 
phenogram, the studied taxa were divided into three major clusters. Multivariate analyses revealed that 
apocolpium characters, including a psilate apocolpium, the presence of apocolpial lumens with granules and 
small depressions with psilate or rugulate walls are the most distinct features for discriminating Polygala 
taxa. Intraspecific variations in some pollen characters, such as the exine pattern and aperture membrane 
features, are reported for several taxa. Pollen morphological data obtained in the present study are compared 
with those from previous studies for a number of species, and the results are evaluated. In addition, the 
aperture number and its probable significance in the Turkish Polygala are considered for some taxa, with 
emphasis on their known pollination strategies.  

Keywords: cluster analysis, pollen, Polygala, principal component analysis, taxonomy 

INTRODUCTION 

The genus Polygala L. (Polygalaceae) includes over 
600 species, which are most widely represented in 
temperate and tropical regions (Paiva, 1998; Cas-
tro et al., 2009; Abbott, 2011; Kerrigan, 2012; Pas-
tore et al., 2019), but a recent evaluation accepts 
the genus Polygala with more restricted delimita-
tions (Pastore et al., 2023). It is a highly diverse 
genus comprising herbs, shrubs, small trees, and 
rarely climbers (Westerkamp and Weber, 1997; 
Castro et al., 2008a). It is clear that the genus is 
non-monophyletic (Pastore et al., 2019), and bio-
geographically two well supported clades of Poly-
gala s. str. are referred to as the New World clade 
(NWC) and the Old World clade (OWC) (Abbott, 
2009). The Polygala OWC was divided into 11 sec-
tions (Chodat, 1891), and the section Polygala in-
cludes all Turkish Polygala taxa (Dönmez et al., 
2015), while the NWC clade of Polygala are re-

cently recognized as the genus Senega Spach 
and divided into three subgenera, the typical Se-
nega (DC.) J. F. B. Pastore & Agust. Martinez and 
Monninopsis (S. F. Blake) J. F. B. Pastore & J. R. Ab-
bott (Pastore et al., 2023). 

The pollen morphology of the genus has re-
ceived attention and it has been recognized as 
one of the major taxonomic characters by some 
authors (e.g., Chodat, 1889; Erdtman, 1952, 
1969; Castro et al., 2009; Krachai et al., 2009). 
Most of previous pollen studies on the genus fo-
cused on several taxa, mainly from northern, cen-
tral and western Europe (Erdtman, 1969; Heubl, 
1984; Villanueva and Ramos, 1986; De Leonardis 
et al., 1989; Ubera and Diez, 1994; Furness and 
Stafford, 1995; Reille, 1995; Halbritter et al., 
2021), the Northern Caucasus (Telitsina et al., 
2019), Iran (Sarvi et al., 2022), Karachi (Pakistan) 
(Perveen et al., 2000), Thailand (Krachai et al., 
2009), and South Africa (Paiva and Santos Dias, 
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1990). Recent comprehensive pollen morphological 
investigations into the Polygalaceae family com-
prise many Polygala species from the Far East, 
northern and southern Africa, Europe, and Amer-
icas including their northern subcontinent and 
Brazil, providing pollen data for phylogenetic ana-
lyses (Banks et al., 2008; Castro et al., 2009). 

Twenty native and one cultivated Polygala 
taxa from the section Polygala have been recorded 
in Turkey (Cullen, 1965; Baytop, 1971; Peşmen, 
1980; Davis et al., 1988; Eren et al., 2008; Dön-
mez et al., 2015; Dönmez and Uğurlu Aydın, 
2018). Recently, a new species, P. fadimeana Dön-
mez and Çeçen, has been described (Çeçen et al., 
2023), while another new species has been pro-
posed by Dönmez and Uğurlu Aydın (in prepara-
tion). The native species are mostly perennial 
herbs that grow in various habitats in Turkey, in-
cluding steppe and calcareous rocky slopes, edges 
of forests, meadows, and rarely wet sandy shores 
of shallow lakes, from sea level up to about 2000 
meters. The cultivated species P. myrtifolia L. is an 
evergreen shrub adapted to gardens (Paiva, 1998). 

The pollen morphology of the Polygala species 
from Turkey, which is located between two conti-
nents: Europe and Asia has not been extensively 
examined. Only brief pollen descriptions for two 
species, P. peshmenii Eren, Parolly, Rauss & 

Kürschner and P. turcica Dönmez & Uğurlu, have 
been given by Dönmez et al. (2015) so far. There-
fore, one of the main aims of the present investiga-
tion was to enlighten pollen characters of the Turk-
ish representatives of the genus in detail using 
light microscopy (LM) and scanning electron mi-
croscopy (SEM). It also aimed to provide diagnostic 
pollen features at the taxon level and contribute to 
a better understanding of Polygala taxonomy. 

Six of the known taxa examined herein are 
endemic to Turkey: P. azizsancarii Dönmez, P. inex-
pectata Peşmen & Erik, P. peshmenii, P. pruinosa 
Boiss. subsp. megaptera Cullen, P. turcica, and 
P. fadimeana. 

MATERIALS AND METHODS 

PLANT MATERIAL 

For pollen morphological studies a total of 35 spe-
cimens from 18 known species identified by Ali A. 
Dönmez, and one proposed species, including two 
subspecies of P. pruinosa, were investigated. The 
specimens were collected in the field and deposited 
in the herbarium of Hacettepe University (HUB). 
They are listed in alphabetical order in Table 1. 

TABLE 1. Examined material of the species of Polygala used in this study. All specimens are from the mainland Turkey, 
except the two specimens from the island country Northern Cyprus in the south of the Anatolian Peninsula, where stated.   

Taxa Locality Voucher 

Polygala alpestris C.A.Mey Bayburt A.A.Dönmez 20754-Y.Kaya 

P. anatolica Boiss. & Heldr. Sakarya A.A.Dönmez 20856-E.O.Karahan 

Ardahan A.A.Dönmez 20648 

Antalya A.A.Dönmez 20382 

P. azizsancarii Dönmez Mardin A.A.Dönmez 19902 

Mardin A.A.Dönmez 19906 

Mardin A.A.Dönmez 19909 

P. comosa Schkuhr Antalya A.A.Dönmez 20384 

Sivas A.A.Dönmez 20421 et al. 

Sivas A.A.Dönmez 20422 et al. 

P. fadimeana Dönmez & Çeçen Karaman A.A.Dönmez 20946 

P. hohenackeriana Fisch. & C.A.Mey. Iğdır A.A.Dönmez 11415 

P. inexpectata Peşmen & Erik Karaman A.A.Dönmez 20373-Z.Uğurlu 

P. major Jacq. Artvin A.A.Dönmez 20914-S.Yüzbaşıoğlu 
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In many cases more than one specimen for each 
taxon was examined to try and determine any pos-
sible intraspecific variations in different localities, 
but for some taxa there was no sufficient material, 
or their distribution areas were too limited to carry 
out such investigations. 

POLLEN MORPHOLOGICAL STUDIES 

For LM study, the pollen was first treated with 
70% ethyl alcohol on a hot plate to remove oily 
pollen coat material (pollenkitt). It was then em-
bedded in glycerine-jelly, stained with basic fuch-
sine (Wodehouse, 1935). 

The following parameters were measured 
using LM: pollen size – polar axis (P) and equa-
torial diameter (E), ectoaperture size – colpus 

length and width, apocolpium diameter, width 
of lumens (forming a reticulate pattern) in the 
apocolpial area when they were present, exine 
and intine thickness in the polar area where 
these layers were clearly defined. Pollen size re-
presents the mean of about 50 pollen grains. 
SPSS program (version 23) was used for descrip-
tive statistics. Pollen grain sizes with variation 
values from 20-50 µm were defined as ‘medium’, 
while pollen grain sizes with maximum values 
over 50 µm were defined as ‘large’, adapted from 
Hesse et al. (2009). P/E ratios were defined 
based on the main values. Ten measurements 
for other parameters were made, and the mean 
values are presented for them, except the mini-
mum and maximum width values for the apoc-
olpium diameter and of apocolpial lumens. In 
P. major and P. myrtifolia, relatively smaller and 

Taxa Locality Voucher 

P. monspeliaca L. Tekirdağ A.A.Dönmez 6748 

Muğla A.A.Dönmez 20797 

P. myritifolia L. Antalya A.A.Dönmez 20975-E.O.Karahan 

P. papilionacea Boiss. Iğdır A.A.Dönmez 20406-Y.Kaya   

Bayburt A.A.Dönmez 20746 

P. peshmenii Eren, Parolly, Raus & Kürschner Antalya A.A.Dönmez 20798-E.O.Karahan 

P. pruinosa Boiss. subsp. pruinosa Ankara A.A.Dönmez 20358   

Nevşehir A.A.Dönmez 21159- Z.Uğurlu   

Erzincan A.A.Dönmez 20418-Y.Kaya   

Erzincan A.A.Dönmez 20818-E.O.Karahan   

Denizli A.A.Dönmez 20301-K.Şenova 

P. pruinosa subsp. megaptera Cullen Niğde A.A.Dönmez 20574 

P. supina Schreb. Bursa A.A.Dönmez 19772-Z.Uğurlu   

Erzurum A.A.Dönmez 20722- Y.Kaya 

P. turcica Dönmez & Uğurlu Kars A.A.Dönmez 20390   

Kars A.A.Dönmez 20391-Y.Kaya   

Kars A.A.Dönmez 15242 

P. venulosa Sm. Aydın A.A.Dönmez 20794-E.O.Karahan   

N. Cyprus A.Candaş 001   

N. Cyprus A.Candaş 002 

P. vulgaris L. Kastamonu A.A.Dönmez 19849   

Erzurum A.A.Dönmez 20628   

Erzurum A.A.Dönmez 20743-Y.Kaya 

Polygala species nova    Kırşehir A.A.Dönmez 20983 
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larger pollen grains from the same pollen sac 
were recorded; smaller grains had a thicker ex-
ine, while larger grains had a thinner exine. For 
these species, the mean exine thickness values 
were given separately. 

The endoaperture was endocingulate, contin-
uous around the pollen grain, lying in the equa-
torial plane; since its dimension was not clearly 
discernable, it was not measured. The pollen 
shape, colpi morphological features in equatorial 
view, the pollen shape and colpi number in polar 
view, and mesocolpium ramification when present 
were also recorded. 

For SEM study, non-acetolysed pollen grains 
were treated with 70% ethyl alcohol. They were left 
for air-drying and mounted on specimen stubs. 
Then the stubs were coated with gold. The photo-
micrographs were taken using a Tescan GAIA-3 
electron microscope. 

The following characters were recorded under 
SEM: shapes of colpi margins and ends, exine pat-
tern in the mesocolpium and on membranes of 
apertures, presence of psilate apocolpium without 
lumens or pore-like small depressions, width of 
small depressions at apocolpium when they were 
present, presence or absence of microperforations 
near or in the mesocolpial area, and of operculum, 
which were clearly discernable in SEM. The number 
of apocolpial lumens or depressions varied greatly 
within a species. Therefore, they were not counted. 

Since the LM photographs were not clear, only 
the clearest SEM photographs representing the 
main pollen characters were selected for this paper. 

The terminology that was used mainly follows 
that recommended by Punt et al. (2007) and 
Hesse et al. (2009). 

MULTIVARIATE DATA ANALYSES 

Principal component analysis (PCA) was per-
formed to evaluate whether the pollen quantita-
tive data allowed the grouping of taxa using Mini-
tab 18. For the PCA analysis, the arithmetic 
means of seven metric variables were used: polar 
axis (P), equatorial diameter (E), the ratio of polar 
axis to equatorial diameter (P/E), colpus length 
(CL), colpus width (CW), exine thickness (ET), in-
tine thickness (IT). One population of P. azizsan-
carii with insufficient data was excluded from the 
analyses. The frst two principal components (PCs) 
with eigenvalues greater than one were repre-
sented and the results were presented in a two- 
dimensional plot of the first and second PCs. 

A hierarchical cluster analysis (HCA) based on 
the Euclidian distance measure using the Gower 
coefficient (Gower, 1971) was performed to classify 
the studied taxa. For HCA, five selected qualitative 
and seven quantitative characters were used (Ta-
ble 2). The multivariate analyses were performed 
using PAST version 2.17c (Hammer et al., 2001). 

TABLE 2.  Pollen character matrix with their character states used in multivariate analyses.   

Character  State  

*Polar axis (P) μm 

*Equatorial diameter (E) μm 

*P/E ratio Ratio 

*Colpus Length (CL) μm 

*Colpus Width (CW) μm 

*Exine Thickness (ET) 1 μm = 1; 2 μm = 2; 2, 3 μm = 3 

*Intine Thickness (IT) <1 μm = 1; 1 μm = 2 

Psilate Apolcolpium (PA) Absent, present 

Apocolpial Lumen (AL) Absent, granulate 

Lumen Wall ornamentation at apocolpium (LW) Absent, rugulate, psilate 

Small Depression at apocolpium (SD) Absent, granulate 

Depression Wall ornamentation (DW) Absent, psilate, rugulate  

*Used only for PCA. 
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RESULTS 

POLLEN MORPHOLOGY 

Pollen measurements and the main pollen mor-
phological characteristics of Turkish Polygala 
taxa are presented in Table 3. Details of pollen 
surface patterns and the presence or absence of 
operculum and of microperforations near/in the 
mesocolpial area in SEM are given in Table 4. 
A general pollen morphological description is gi-
ven below. 

POLLEN MORPHOLOGICAL DESCRIPTION  
(PLATES 1-7) 

Pollen grains of Polygala from Turkey are isopolar, 
predominantly oblate-spheroidal and rarely spher-
oidal in equatorial view, circular in polar view, 
medium to large in size; the polar axis (P) ranges 
from 20 to 57.5 µm, while the equatorial diameter 
(E) ranges from 20 to 60 µm, and the P/E ratio 
ranges from 0.90 to 1.08. The aperture system is 
polyzonocolporate (stephanocolporate) and endo-
cingulate, with 8-21colpi (e.g., Plate 1, Fig. 3; 
Plate 3, Fig. 5). The colpi length is between 20.13 
and 33 µm, while the colpi width is between 1.98 
and 8.25 µm; usually long and narrow or broad, 
usually with regular margins and rounded ends 
(e.g., Plate 2, Figs. 1-2; Plate 3, Fig. 4). The endo-
cingulate endoaperture is without costae. The me-
socolpia are ramified in some taxa and specimens 
(e.g., Table 3, Plate 1, Fig. 5; Plate 7, Fig. 9). The 
apocolpium diameter ranges from 7.8 to 37.44 µm. 
The apocolpial field is with lumina (e.g., Plate 1, 
Figs. 3-4; Plate 6, Figs. 6, 8) or small pore-like de-
pressions (e.g., Plate 1, Fig. 1; Plate 2, Fig. 7); the 
lumen size ranges from 1 to 15 µm in LM, while the 
small depression size ranges from <1 to 4 µm in 
SEM, or psilate with no lumina or small depres-
sions (e.g., Plate 1, Figs. 5; Plate 2, Fig. 4; Plate 7, 
Fig. 1). The exine is 2-3 µm thick, while the intine 
is rather thin, <1-1 µm, at poles. The exine pat-
terns in mesocolpial regions and in walls of lumi-
na/depressions in apocolpial regions when pre-
sent are diverse in SEM (Table 4); psilate (e.g., 
Plate 2, Fig. 2; Plate 6, Fig. 7) or finely striate 
(e.g., Plate 1, Figs. 2, 6) to striate (e.g., Plate 5, 
Fig. 3), or rugulate (e.g., Plate 2, Fig. 5) in the me-
socolpium, and granulate in lumens/small depres-
sions (e.g., Plate 1, Figs. 1, 4), and psilate 
(e.g., Plate 1, Fig. 1; Plate 2, Fig. 3) to rugulate 
(e.g., Plate 1,  Fig. 4;  Plate 2, Fig. 7) on their walls. 

The colpus and pore membranes are psilate (Plate 1, 
Fig. 3) to psilate-granulate (Plate 6, Fig. 7), granu-
late (e.g., Plate 1, Fig. 2), or granulate-perforate 
(e.g., Plate 6, Fig. 2) to perforate (e.g., Plate 2, Fig. 6). 
In some taxa, the opercula on membranes of both 
colpi and pores (e.g., Plate 1, Fig. 6; Plate 7, Fig. 2) 
or only on pores (e.g., Plate 3, Fig. 6) are distin-
guished by SEM (Table 4).  In SEM, other struc-
tures recorded include microperforations; they are 
found either near the apocolpial field (e.g., Plate 5, 
Fig. 5) or both near the apocolpial field and in the 
mesocolpial region (e.g., Plate 7, Figs. 5-6). 

There are some qualitative and quantitative 
differences between the pollen of Turkish Polygala 
taxa, such as pollen size, colpi number, apocol-
pium diameter, and pollen surface features (Ta-
bles 3-4). However, it is difficult, even impossible, 
to distinguish most species due to low pollen mor-
phological diversity, and some intraspecific varia-
tions. Although differences between some species 
in the exine patterns in the mesocolpial and apoc-
olpial regions and on the aperture membranes are 
noticed in SEM (Table 4), these characters do not 
seem to be useful for further divisions due to over-
lapping. In addition, the exine pattern would vary 
in a single species (as in P. myrtifolia) (Plate 4, 
Figs. 2, 4) or the aperture membrane features 
would vary intraspecifically as in P. vulgaris; with 
opercula (Plate 7, Fig. 2) or without them (Plate 7, 
Figures 3-4). 

MULTIVARIATE DATA ANALYSES 

The pollen quantitative data are collected to ex-
plore the relationships among the taxa using 
PCA: The first two dimensions of PCA (Table 5 
and Plate 8) express 65% of the total variation. 
The first axis (PC1) explains 46.6% of the total 
variation and is associated with the polar axis 
(P), equatorial diameter (E), the ratio of the polar 
axis/equatorial diameter (P/E), colpi length (CL), 
and colpi width (CW). The second axis (PC2) ac-
counts for 18.4% of the variance, based on the 
exine thickness (ET) and intine thickness (IT). 

Based on the pollen metric variables, P. aziz-
sancarii is distributed to the extreme negative side 
of the PC1 axis. This axis also separates P. pruino-
sa subsp. pruinosa, P. vulgaris, P. supina, P. turcica 
and some specimens of P. venulosa and P. comosa. 
However, the remaining specimens of P. venulosa 
and P. comosa are clustered on the other side of 
the axis, and the other subspecies of P. pruinosa 
are grouped in the negative side of the PC2 axis. 
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Plate 1. Pollen micrographs of Polygala. Figs. 1-2. P. alpestris (1) small depressions with granules and psilate 
walls (one arrowed) at apocolpium, (2) detail of finely striate mesocolpia (one arrowed), granulate colpi 
membranes, and a granulate pore membrane. Figs. 3-4. P. anatolica (sample from Sakarya province) 
(3) lumina at apocolpium, finely striate mesocolpia (one arrowed), colpi and pores with psilate membranes, 
(4) detail of a granulate lumen with rugulate wall at apocolpium. Figs. 5-6. P. azizsancarii (sample AAD 19906) 
(5) psilate apocolpium and mesocolpium ramification (arrowed), (6) detail of finely striate mesocolpium (black 
arrow), colpus and pore covered with opercula (white arrows) in equatorial view. 
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Plate 2. Pollen micrographs of Polygala. Figs. 1-3. P. comosa (sample from Sivas province, AAD 20422 et al.) 
(1) equatorial view, (2) detail of psilate mesocolpia, colpus with granulate membrane (white arrows) and pore 
with psilate membrane (black arrow), (3) detail of granulate lumens with psilate walls at apocolpium. 
Figs. 4-6. P. hohaneckeriana (4) psilate apocolpium, (5) detail of rugulate mesocolpium (arrow), (6) detail of 
perforate colpus and pore membranes. Figs. 7-9. P. inexpectata (7) small depressions with rugulate walls at 
apocolpium, (8) detail of a finely striate mesocolpium (white arrow) and a colpus (black arrow), (9) closer view of 
perforate aperture membrane. 

Pollen morphology of Polygala 35 



Plate 3.  Pollen micrographs of Polygala. Figs. 1-4. P. major (1) equatorial view, (2) psilate mesocolpium 
(arrow), (3) detail of a colpus and pore with granulate-perforate membranes (arrows), (4) closer view of 
granulate lumens with psilate walls at apocolpium. Figs. 5-7. P. monspeliaca (sample from Muğla province) 
(5) granulate small depressions at apocolpium (one arrowed), (6) rugulate depression wall at apocolpium, 
mesocolpia, colpi, and pores covered with opercula (one arrowed), (7) detail of rugulate mesocolpia and 
a colpus with granulate-perforate membrane (arrowed).   
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Plate 4. Pollen micrographs of Polygala. Figs. 1-4. P. myrtifolia (1-2) smaller pollen grain, collapsed, (1) psilate 
apocolpium, (2) detail of rugulate mesocolpium (arrowed) and granulate-perforate colpi membrane, (3-4) larger 
pollen grain, (3) psilate apocolpium, (4) detail of striate mesocolpia (black arrow) and granulate-perforate 
colpus and pore membranes (white arrow). Figs. 5-6. P. papilionacea (sample from Iğdır province) (5) psilate 
apocolpium, (6) Detail of rugulate mesocolpia (black arrow) and aperture with granulate-perforate membranes 
(white arrow). 

Pollen morphology of Polygala 37 



Plate 5. Pollen micrographs of Polygala. Figs. 1-3. P. peshmenii (1) psilate apocolpium and opercula on colpi 
and pores (one arrowed), (2) detail of colpi covered with opercula (arrows), (3) detail of striate mesocolpium 
exine pattern. Figs. 4-7. P. pruinosa subsp. pruinosa (4-6) sample from Erzincan province, AAD 20818, 
(4) general view and pores with opercula (one arrowed), (5) psilate apocolpium and microperforations near 
mesocolpia (arrows), (6) detail of psilate mesocolpium and colpi covered with opercula (one arrowed), 
(7) apertures covered with opercula (one arrowed), sample from Nevşehir province. Figs. 8-9. P. pruinosa 
subsp. megaptera (8) mesocolpium ramification (black arrow), and colpi and pores with opercula (white arrow), 
(9) psilate apocolpium, a microperforation near psilate mesocolpia (black arrow), and opercula on colpi (white 
arrow). 
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Plate 6. Pollen micrographs of Polygala. Figs. 1-2. P. supina (sample from Bursa province) (1) psilate 
apocolpium, (2) detail of psilate mesocolpia (black arrows) and colpus and pore with granulate-perforate 
membranes (white arrows). Figs. 3-5. P. turcica (3-4) sample AAD 20390, (3) psilate apocolpium, (4) rugulate 
mesocolpium (black arrow), apertures with psilate membrane (white arrow), (5) detail of rugulate mesocolpium 
(arrow), sample AAD 20391. Figs. 6-8. P. venulosa (sample from N. Cyprus, AC 002) (6) equatorial view, 
(7) detail of psilate mesocolpium (black arrow), colpus and pore with psilate-granulate membranes (white 
arrow), (8) detail of granulate lumens with psilate walls at apocolpium. 
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Plate 7. Pollen micrographs of Polygala. Figs. 1-4. P. vulgaris (1-2) sample from Kastamonu province, 
(1) psilate apocolpium, (2) colpus and pore covered with opercula (arrows), (3-4) sample from Erzurum 
province, AAD 20743, (3) granulate-perforate colpi membranes (arrows), (4) detail of finely striate mesocolpia 
(one arrowed). Figs. 5-7. P. fadimeana (5) pollen grain with psilate apocolpium, microperforation near 
mesocolpium (white arrow), colpus with granulate membrane, and pore covered with operculum (black arrow), 
(6) detail of psilate apocolpium and psilate mesocolpia with microperforation (white arrow), (7) detail of psilate 
mesocolpium exine pattern (arrow) and two pores covered with opercula. Figs. 8-9. Polygala species nova 
(8) psilate apocolpium, pores covered with opercula (one arrowed), (9) detail of ramification (arrow) and colpus 
with granulate membrane. 
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The UPGMA phenogram of pollen morphology 
indicates that Turkish Polygala taxa are seperated 
into three main clusters (A, B and C) at the highest 

taxonomic distance of 0.45 (Plate 9). Cluster A en-
closes most Polygala taxa: P. azizsancarii, P. hohe-
nackeriana, P. myrtifolia, P. papilionacea, P. peshme-
nii, P. pruinosa subsp. pruinosa, P. pruinosa subsp. 
megaptera, P. supina, P. turcica, P. vulgaris, and P. fa-
dimeana along with the proposed species, Polygala 
sp. nov. All taxa in cluster A show distinct orne-
mantation that is characterized by a psilate apol-
colpium. The second cluster comprises only three 
taxa, P. alpestris, P. inexpectata and P. monspelia-
ca having ornemantation characterized by a psilate 
or rugulate depression wall at the apocolpium. 
Cluster C contains the remaining four species: 
P. anatolica, P. comosa, P. major and P. venulosa, 
with granulate apocolpial lumens. 

DISCUSSION 

This study enlightens the pollen morphology of 
many species of the genus Polygala growing in 
Turkey. In addition, the pollen grains of nine spe-
cies and one subspecies along with one proposed 
species from the genus are examined in detail for 
the first time, including, P. inexpectata, P. papilio-
nacea, P. pruinosa subsp. pruinosa, P. pruinosa 
subsp. megaptera, P. supina, P. venulosa and the 

Plate 8. (a) Principal component analysis (PCA) performed with the pollen quantitative data from Polygala 
taxa, (b) Vector loading of quantitative traits. For abbreviations of the vectors see Table 5. 

TABLE 5. Results of the first two dimensions of PCA 
based on seven quantitative pollen characters.   

Variable 
PC1 

(46.6%) 
PC2 

(18.4%) 

P 0,497 -0,214 

E 0,526 -0,174 

P/E -0,296 -0,123 

CL 0,418 -0,166 

CW 0,446 0,272 

ET 0,086 0,573 

IT 0,087 0,692  

Abbreviations: P – polar axis, E – equatorial diameter, P/E – 
polar axis/equatorial diameter, CL – colpi length, CW – colpi 
width, ET – exine thickness, IT – intine thickness. 
The components loaded most highly for each character are 
given in bold. 
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endemic species P. azizsancarii, P. fadimeana, 
P. peshmenii, P. turcica, and Polygala sp. nov. 
(AAD 20983). 

MULTIVARIATE DATA ANALYSES  
AND TAXONOMIC IMPLICATIONS 

The pollen grains of the Turkish Polygala species 
show some similar morphological characters to 
those previously recorded for the genus (e.g., Fur-
ness and Stafford, 1995; Telitsina et al., 2019; Sar-
vi et al., 2022) - basically, regarding isopolarity, 
and the polyzonocolporate aperture system. Some 
characters, such as pollen size and colpi length, 
overlap in the species of the genus examined in 
this study. Although low, there is intraspecific var-
iation in some taxa, comprising P. anatolica, P. aziz-
sancarii, P. comosa, P. monspeliaca, P.  papiliona-
cea, P. pruinosa and P. vulgaris, in the pollen size, 
pollen shape, apocolpium diameter or in the aper-
ture membrane characters. These are related to 
intraspecific diversities in several taxonomic fea-
tures, such as morphology and the ploidy level. 

Quantitative pollen morphological differ-
ences among the species belonging to two genera, 
Polygaloides Hall (DC.) Schb. and Rhinotropis 
(S.F. Blake) J.R. Abbott, with Polygala subgen. 
Chodatia Paiva, have been revealed (Castro et al., 
2009). Meanwhile, it has been concluded that 
within the genus Polygala further pollen mor-
phological distinctions for lower (species) level 
taxonomic discriminations are not possible be-
cause of significant overlaps in the range of var-
iation for most characters as well as intraspecific 
diversifications (Furness and Stafford, 1995; 
Banks et al., 2008; Castro et al., 2009). Thus, 
the results of the PCA results presented inhere 
are in general consistent with this conclusion. 

The multivariate analyses conducted in this 
study allow to determine qualitative pollen fea-
tures that are more informative to distinguish 
Polygala taxa. These numerical analyses of pollen 
morphological characters have been previously 
performed to assess relationships in the family 
Polygalaceae, and Polygala has a high degree of 
pollen morphological variation amongst the sec-

Plate 9. Cluster analysis performed based on selected pollen characters from the 35 Polygala specimens using 
the unweighted pair group method with arithmetic averages (UPGMA) employing the Gower coefficient. 
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tions (e.g., Persson, 2001; Forest et al., 2007; 
Banks et al., 2008; Castro et al., 2009). 

In Polygala, the observed variations of pollen 
characters, especially in the ornamentation, indi-
cate useful characters in this study. It is some-
what clear that pollen morphology alone is not 
enough to evaluate the taxonomic relationships 
within Polygala, while the variations of pollen 
characters can provide some diagnostic knowl-
edge for the intraspesific taxonomic treatment. 
The next step would be to construct a well-sup-
ported molecular phylogenetic tree and to map the 
pollen morphology onto the tree, and to under-
stand pollen evolution within Polygala. For this 
purpose, a phylogenetic study on the genus is 
being currently conducted by the authors. 

COMPARISON OF THE POLLEN MORPHOLOGICAL 
RESULTS WITH PREVIOUS STUDIES  

IN THE SECTION POLYGALA 

Although there are some similarities between the 
results of the present study and those recorded in 
previous studies of the same taxa in the section 
Polygala from other parts of the world, some dis-
crepancies are found, mainly in the size of pollen 
grains, apocolpium character, colpi number, and 
the exine pattern in the mesocolpium. Pollen mor-
phological differences are noticed in P. alpestris, 
P. anatolica, P. comosa, P. hohaneckeriana, P. ma-
jor, P. monspeliaca, P. myrtifolia, and P. vulgaris, 
reflecting intraspecific diversities within the 
genus. 

Pollen size fluctuations are widely linked to 
the methodology or mounting medium types, or 
the degree of hydration (Furness and Stafford, 
1995; Castro et al., 2009; Hesse et al., 2009). 
Furthermore, pollen variability within a species 
is related to one of several factors, such as ploidy 
and functional specialization within individuals 
(Heubl, 1984; Borsch and Wilde, 2000). 

Karyological studies show that there are poly-
ploid individuals in P. anatolica and P. vulgaris 
(Heubl, 1984; Paiva, 1998). Sarvi et al. (2022) re-
ported large pollen grains with a maximum dia-
meter of 55 µm in one Iranian specimen of P. ana-
tolica, whereas Telitsina et al. (2019) reported 
medium sized pollen grains with maximum dia-
meters of 40 and 45 µm in two Caucasian speci-
mens of the species. In our study, it is shown that 
two specimens of P. anatolica from Sakarya and 
Antalya provinces have medium sized pollen 
grains, whereas one specimen from Ardahan pro-

vince has large pollen grains (Table 3). This can be 
correlated with the larger size of flowers and ve-
getative parts measured on the specimen of Arda-
han than in other Turkish specimens of the spe-
cies. There is unfortunately no karyological 
information about these Turkish specimens or 
the specimens from Iran or the Caucasus. Re-
garding other pollen morphological characters in 
P. anatolica, the three Turkish specimens have 
apocolpial lumens without gemmae (Plate 1, 
Figs. 3, 4) as in the Caucasian specimens (Telitsi-
na et al., 2019), whereas the Iranian specimen has 
gemmate apocolpial lumens (Sarvi et al., 2022). It 
seems that gemmae are generally absent, appear-
ing only occasionally in some individuals. Addi-
tionally, unlike the psilate mesocolpium exine pat-
tern in the Caucasian and Iranian specimens, 
a finely striate mesocolpial exine pattern is no-
ticed in the Turkish specimens (Plate 1, Fig. 3). 

Polygala major has a narrow distribution area 
in north-eastern and eastern Turkey (Cullen, 
1965). Recently, fifteen taxa, with variable mor-
phological characters andwhich are found from 
central and southern Europe through the Bal-
kans to southwest Asia and Caucasia, have been 
placed in the Poygala major complex, which is 
newly synonymized under P. major, based on the 
molecular evidence and main diagnostic morpho-
logical characters (Lyskov et al., 2019). One speci-
men of P. major was collected from Artvin in 
north-eastern Turkey. It shares similar pollen 
morphological characters with a neighboring 
Caucasian specimen (Telitsina et al., 2019), ex-
cept the presence of both medium-sized and large 
pollen grains with different exine thickness from 
the same pollen sac in the Turkish individual, 
being 3 and 2 µm, respectively. 

In all three Turkish specimens of P. vulgaris, 
the pollen apocolpial area is psilate without lu-
mens or small depressions (Plate 7, Figs. 1, 3), 
and it has more than 14 colpi, but other pollen 
studies on this species reveal apocolpial lumens, 
with fewer colpi (Erdtman, 1969; Heubl, 1984; 
Villnueva and Ramos, 1986; Furness and Staf-
ford, 1995; Paiva, 1998; Svojtka and Halbritter, 
2005; Banks et al., 2008). The species, which is 
widespread in Eurasia as well as in North Amer-
ica, has been treated as a group, called the Poly-
gala vulgaris-group, with some subspecies and 
local populations (Heubl, 1984). However, com-
bined with karyological and molecular analyses, 
some ongoing taxonomic studies on the Turkish 
representatives of P. vulgaris by the present 
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authors point to diversification within a single 
species, with several polyploids. Notably, the psi-
late apocolpium pattern and a higher colpi num-
ber (16-20) are constant in the pollen grains of 
this species under investigation. These characters 
seem to be common in the individuals of Turkish 
P. vulgaris because they are recorded in one speci-
men from the north-western part of the country, 
at a lower altitude locality (in Kastamonu pro-
vince), and in two specimens from its eastern 
part, at higher altitudes (in Erzurum province). 

It was previously noted that morphologically 
P. alpestris, P. comosa and P. vulgaris are closely 
related taxa (Cullen, 1965; Davis et al., 1988). 
Furness and Stafford (1995) have placed P. alpes-
tris and P.  comosa within the P. vulgaris type in 
the Northwest European pollen key, with fewer 
than 14 colpi, apocolpial lumens, and the pollen 
diameter smaller than 45 µm. However, the pollen 
of P. vulgaris in Turkey shows some significant 
differences that may allow its separation from P. al-
pestris and P. comosa. In addition, our ongoing 
phylogenetic analyses suggest that these three 
species are distantly related. 

Apocolpial lumens/depressions have been 
previously observed in P. alpestris and P. comosa 
(Heubl, 1984; Furness and Stafford, 1995; Paiva, 
1998; Telitsina et al., 2019), which are also pre-
sent in the individuals of the species examined in 
this study (Plate 1, Fig. 1; Plate 2, Figs. 1, 3). Con-
trary to the previous reports about the psilate me-
socolpium exine pattern in P. alpestris, a finely 
striate exine is observed in the mesocolpium of 
the Turkish representatives of the species (Plate 1, 
Fig. 2). In addition, P. comosa specimens exam-
ined in the present study have larger pollen grains 
than those of P. alpestris and P. vulgaris, with 
a maximum diameter of 45 µm or over 45 µm, 
showing variation within the species, which is 
the case for its morphological characters, such 
as inflorescence and flower color variations. It 
also has larger grains than those of the European 
and Caucasian representatives from the species 
described in Furness and Stafford (1995) and in 
Telitsina et al. (2019), respectively. Heubl 
(1984) has reported that P. comosa is character-
ized by the diploid chromosome number 2n=34, 
but since there are no chromosome counts for the 
Turkish individuals examined here, it is impossi-
ble to make further comments. 

Concerning P. hohaneckeriana, Sarvi et al. 
(2022) describe lumens with gemmae in the apoc-
olpium and the presence of an aperture opercu-

lum in one western Iranian specimen. However, in 
our study, a single specimen from this species, 
with a restricted distribution area, from eastern 
Turkey, closely neighboring Iran, shows no such 
structures. It has apocolpium without lumens 
and no operculum (Plate 2, Figs. 4-6). This intras-
pecific pollen morphological variation for the spe-
cies native to the Caucasus and the Middle East 
may be correlated with polymorphic taxonomic 
characters of the species. 

In the three specimens of P. monspeliaca ex-
amined here, small depressions in the apocol-
pium and a rugulate mesocolpium exine pattern 
are observed (Plate 3; Figs. 5, 7). Apocolpial de-
pressions have also been reported for one Iranian 
specimen of the species, but with a psilate meso-
colpium (Sarvi et al., 2022). On the other hand, in 
a study on the Iberian Peninsula (western Eur-
opean) species, Villnueva and Ramos (1986) have 
described an apocolpium with lumina and a psi-
late mesocolpium. These may again reflect intras-
pecific pollen morphological variations over 
a wider geographical region. 

For the cultivated South-African species P. myr-
tifolia, Paiva (1998) has given a mean pollen size of 
51.32 µm (P) and 50.04 µm (E) and noted apocol-
pial lumens, whereas Halbritter et al. (2016) have 
documented large and very large pollen grains, ran-
ging greatly from 51 to 100 µm in diameter, with no 
apocolpial lumens. In these previous studies, the 
mesocolpium has been characterized by a psilate 
exine pattern. The specimen examined here has 
pollen grains from a single pollen sac ranging in 
size from 30 to 50 µm, and psilate apocolpium 
(Plate 4, Figs. 1, 3). The mesocolpial pattern is ru-
gulate in smaller pollen grains (Plate 4, Fig. 2) with 
a thicker exine layer (3 µm), whereas it is striate in 
larger ones (Plate 4, Fig. 4) with a thinner exine 
layer (2 µm). These variable pollen characters in 
P. myrtifolia must be assessed with caution when 
they are used in morphological analyses. 

POLLEN APERTURE NUMBER AND ITS PROBABLE 
SIGNIFICANCE IN THE TURKISH POLYGALA 

The pollen aperture number and its variability 
within species and among species are of signifi-
cance in taxonomic as well as in evolutionary stu-
dies, and functional perspectives into apertures 
are also needed in such investigations (Castro et al., 
2009). The number of ectoapertures is evaluated 
as one of interesting pollen characteristics of the 
genus Polygala, and it is polymorphic in several 
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taxa (Castro et al., 2009; Banks et al., 2008). In 
this study, marked polymorphism in the aperture 
number is observed in P. anatolica, ranging from 
10 to 21, which can be correlated with morpholo-
gical variability in the species as mentioned above. 
This is expected because it is a cosmopolitan spe-
cies occurring in diverse habitats in most parts of 
Turkey. A rise in the pollen aperture number is 
probably linked to the selective advantage (Fur-
ness and Rudall, 2004), increasing the number of 
pollen tube germination sites and the efficiency of 
pollination (Dajoz et al., 1991). 

In the eudicotyledons, one of the most notable 
pollen morphological evolutionary trends is an in-
crease in the aperture number (Walker and Doyle, 
1975), and thereby potentially increasing the ferti-
lization rate (Furness and Rudall, 2004). Such in-
crease is in fact characteristic of the whole family 
Polygalaceae (Banks et al., 2008). This is especially 
a critical case for animal-pollinated species (Dajoz 
et al., 1991). In Polygala, there are several species 
pollinated by a variety of bees (e.g., Brantjes, 1982; 
Castro et al., 2008a, 2008b, 2013; Aygören Uluer 
et al., 2021, 2022). Cleistogamy (a self-fertilization 
type) is also known in the genus (Heubl, 1984). 
Pollination biology in P. vulgaris, P. myrtifolia and 
P. alpestris has been studied (Heubl, 1984; Wester-
kamp and Weber, 1997; De Cock et al., 2018), but 
there is unfortunately no detailed information 
about pollination ecology in other species of the 
genus growing in Turkey. Large-flowering indivi-
duals (races) in the former species (Heubl, 1984) 
as well as in the second species (Westerkamp and 
Weber, 1997) are adapted to insect pollination, 
whereas the third species with small flowers is pre-
dominantly self-pollinated (autogamous) (Heubl, 
1984). In the present study, it is revealed that the 
insect-pollinated species, P. vulgaris and P. myrtifo-
lia have more ectoapertures (16-20 and 19-20, re-
spectively) than the self-pollinated species P. alpes-
tris with 9-10 ectoapertures, thus correlating with 
a potentially high germination site number in the 
former taxa for cross-pollination. 

In addition to pollen tube formation and ger-
mination functions, pollen apertures play some 
other important roles, including protection of the 
male gametophyte from dehydration and from 
pathogens attacks, allowing transport of stigma 
recognition agents, and harmomegathy (expan-
sion and contraction of the pollen in response to 
external conditions) (Wodehouse, 1935; Muller, 
1979; Punt, 1986; Dajoz et al., 1991; Furness 
and Rudall, 2004; Wang and Dobritsa, 2018). Col-

pus number variabilities in different species of 
Polygala from Turkey may also be linked to such 
crucial functions of apertures. However, detailed 
investigations are needed in the native Turkish 
Polaygala species to understand pollination biol-
ogy in the field and to determine the relationships 
between the aperture number and the function(s). 

CONCLUSION 

This study has provided detailed pollen data for 
Polygala species, including the subspecies and 
proposed species, from Turkey, thus enabling an 
overall review of their pollen characters. Pollen 
apocolpial features as well as pollen and colpus 
sizes (P, E, P/E, CL and CW) are taxonomically 
useful characters, based on multivariate analyses. 
However, pollen morphology is insufficient to eval-
uate taxonomic relationship at the species level. 

AUTHORS’ CONTRIBUTION 

The authors designed the study conception. AAD 
acquired funding to conduct the research into the 
taxonomy and phylogeny of the species of Polygala 
in Turkey. AAD and ZUA performed field studies to 
collect specimens. EOD prepared pollen slides 
and specimen stub samples and did light and 
scanning electron microscopic studies. ZUA per-
formed cluster analysis and principal component 
analysis. EOD drafted and wrote the manuscript. 
ZUA and AAD provided comments on multivariate 
data analyses and taxonomic implications, mor-
phological characters and habitats of the species, 
as well as on preliminary results of ongoing phy-
logenetic analyses. The authors declare that there 
is no conflict of interest. 

ACKNOWLEDGEMENTS 

This work was suppoted by the Scentific and 
Technical Research Council of Turkey (grant 
number 118Z708). 

REFERENCES 

ABBOTT JR. 2009. Revision of Badiera (Polygalaceae) and 
phylogeny of the Polygaleae. Ph.D. dissertation, 
University of Florida, Gainesville, Florida. 

Pollen morphology of Polygala 45 



ABBOTT JR. 2011. Notes on the disintegration of Polygala 
(Polygalaceae), with four new genera for the flora of 
North America. Journal of the Botanical Research 
Institute of Texas 5: 125–137. 

AYGÖREN ULUER D. 2021. A review for the pollinators of 
papillionaceous flowers. Turkish Journal of Biodiver-
sity 4(1): 36–52. 

AYGÖREN ULUER D, FOREST F, ARMBRUSTER S, and HAWKINS JA. 
2022. Reconstructing an historical pollination syn-
drome: keel flowers. Ecology and Evolution 22(45): 
doi.org/10.1186/s12862-022-02003-y 

BANKS H, KLITGAARD BB, CLAXTON F, FOREST F, and CRANE PR. 
2008. Pollen morphology of the family Polygalaceae 
(Fabales). Botanical Journal of the Linnean Society 
156: 253–289. 

BAYTOP A. 1971. Polygala venulosa S. et. Sm.’in Türkiye’de 
mevcudiyeti hakkında. İstanbul Eczacılık Fakültesi 
Mecmuası 7: 147–148. 

BORSCH T, and WILDE V. 2000. Pollen variability within 
species, populations, and individuals, with particular 
reference to Nelumbo. In: Harley MM, Morton CM, 
Blackmore S [ed.], Pollen and Spores: Morphology and 
Biology, 285-299. Royal Botanic Gardens, Kew. 

BRANTJES NBM. 1982. Pollen placement and reproductive 
isolation between two Brazilian Polygala species 
(Polygalaceae). Plant Systematics and Evolution 141 
(1): 41–52. 

CASTRO S, SILVEIRA P, and NAVARRO L. 2008a. How does 
secondary pollen presentation affect the fitness of 
Polygala vayredae (Polygalaceae)? American Journal 
of Botany 95: 706–712. 

CASTRO S, SILVEIRA P, and NAVARRO L. 2008b. How flower 
biology and breeding system affect the reproductive 
success of the narrow endemic Polygala vayredae 
Costa (Polygalaceae). Botanical Journal of the Linnean 
Society 157: 67–81. 

CASTRO S, SILVEIRA P, NAVARRO L, PAIVA J, and COUTINHO AP. 
2009. Pollen morphology of Chamaebuxus (DC.) 
Schb., Chodatia Paiva and Rhinotropis (Blake) Paiva 
(Polygala L. Polygalaceae). Grana 48: 179–192. 

CASTRO S, LOUREIRO J, FERRERO V, SILVEIRA P, and NAVARRO L. 
2013. So many visitors and so few pollinators: 
variation in insect frequency and effectiveness gov-
erns the reproductive success of an endemic milk-
wort. Plant Ecology 214(10): 1233–1245. 

CHODAT R. 1889. Révision et critique des Polygala Suisses. 
Bulletin des Travaux la Société Botanique de Genève 
5: 123–185. 

CHODAT R. 1891. Monographia Polygalacearum. Mémoires 
de la Société de Physique d’histoire naturelle de 
Genève 7: 1–143. 

CULLEN J. 1965. Polygala L. In: Davis PH [ed.], Flora of 
Turkey and the East Aegean Islands, vol. 1, 533–539. 
Edinburgh University Press, Edinburgh. 

ÇEÇEN Ö, UĞURLU AYDIN Z, and DÖNMEZ AA. 2023. Morpho-
logical and molecular data on a new species of 

Polygala (Polygalaceae) from Turkey. Nordic Journal 
of Botany 2023: e033951. 

DAJOZ I, TILL-BOTTRAUD I, and GOUYON PH. 1991. Evolution of 
pollen morphology. Science 253: 66–68. 

DAVIS PH, MILL RR, and TAN K. 1988. Polygala L. In: Davis 
PH, Mill RR, Tan K [ed.], Flora of Turkey and the East 
Aegean Islands, vol. 10, 64–65. Edinburgh University 
Press, Edinburgh. 

DE COCK C, MINNAAR C, LUNAU K, WESTER P, VERHOEVEN C, 
SCHULZE MJ, RANDLE MR, ROBSON C, BOLUS RH, and 
ANDERSON B. 2018. The functional role of the keel crest 
in Polygala myritifolia (Polygalaceae) and its effects on 
pollinator visitation. South African Journal of Botany 
118: 105–111. 

DE LEONARDIS W, MATARESE PALMIERI R, ROSSITTO M, and ZIZZA 

A. 1989. Contributo all conoscenza di taxa endemici 
della Sicilia athaverso l’analisi morfobiometrica del 
polline. Acta Botanica Malacitana 14: 117–129. 

DÖNMEZ AA, UĞURLU AYDIN Z, and IŞIK S. 2015. Polygala 
turcica (Polygalaceae), a new species from E Turkey, 
and a new identification key to Turkish Polygala. 
Willdenowia 45: 429–434. 

DÖNMEZ AA, and UĞURLU AYDIN Z. 2018. Polygala azizsan-
carii (Polygalaceae), a new species from Mardin 
Province, SE Turkey. Phytotaxa 340(3): 255–262. 

ERDTMAN G. 1952. Pollen morphology and plant taxonomy: 
Angiosperms (An introduction to palynology I). Almq-
vist & Wiksell, Stockholm. 

ERDTMAN G. 1969. Handbook of palynology. Morphology- 
Taxonomy-Ecology. An introduction to the study of 
pollen grains and spores. Verlag Munksgaard, Co-
penhagen. 

EREN Ö, PAROLLY G, RAUS T, and KÜRSCHNER H. 2008. A new 
species of Polygala L. (Polygalaceae) from South-west 
Anatolia. Botanical Journal of the Linnean Society 
158: 82–86. 

FOREST F, CHASE MW, PERSSON C, CRANE PR, and HAWKINS JA. 
2007. The role of biotic and abiotic factors in 
evolution of ant dispersal in the milkwort family 
(Polygalaceae). Evolution 61: 1675–1694. 

FURNESS SH, and STAFFORD PJ. 1995. Polygalaceae. Review 
of Palaeobotany and Palynology 88: 61–82. 

FURNESS CA, and RUDALL PJ. 2004. Pollen aperture evolu-
tion – a crucial factor for eudicot success. Trends in 
Plant Science 9(3): 154–158. 

GOWER JC. 1971. A general coefficient of similarity and 
some of its properties. Biometrics 27(4): 857–871.    

HALBRITTER H, and BUCHNER R. 2016. Polygala myrtifolia. In: 
PalDat, a Palynological Database. https://www.pal-
dat.org/pub/Polygala_myrtifolia/301184. Accessed 
2022-06-30 

HAMMER O, HARPER DAT, and RYAN PD. 2001. PAST: 
Paleontological statistics software package for edu-
cation and data analysis.  Palaeontologia Electro-
nica 4: 1–9.   

46 Oybak Dönmez et al. 

https://www.paldat.org/pub/Polygala_myrtifolia/301184
https://www.paldat.org/pub/Polygala_myrtifolia/301184


HEUBL GR. 1984. Systematische Untersuchungen an 
mittel-europaischen Polygala-Arten. Mitteilungen der 
Botanischen Staatssammlung München 20: 205–428. 

HESSE M, HALBRITTER H, ZETTER M, BUCHNER R, FROSCH-RADIVO 

A, and ULRICH S. 2009. Pollen terminology. An 
illustrated handbook. Springer-Verlag, Wien. 

KERRIGAN RA. 2012. A treatment for Polygala of northern 
Australia. Australian Systematic Botany 25(2): 83–137. 

KRACHAI P, CHANTARANOTHAI P, and PIWPUAN N. 2009. Pollen 
characteristics of Polygala, Salomonia and Xantho-
phyllum (Polygalaceae) in Thailand. Tropical Natural 
History 9(1): 27–34. 

LYSKOV D, PASTORE JFB, and SAMIGULLIN T. 2019. One for all: 
molecular study of Polygala major complex (Polygala-
ceae) in Southwest Asia. Plant Systematics and 
Evolution 305 (10): 975–984. 

MULLER J. 1979. Form and function in angiosperm 
pollen. Annals of the Missouri Botanical Garden 66 
(4): 593–632. 

PAIVA JAR. 1998. Polygalarum africanarum et madagascar-
iensium prodramus atque gerontæi generis Hetero-
samara Kuntze, a genera Polygala L. Segregati et a 
nobis denuo recepti, synopsis monographica. Font-
queria 50: vi + 346. 

PAIVA J, and SANTOS DIAS JD. 1990. The pollen grain of 
Polygala fruticosa Berg. (Polygalaceae). Anales del 
Jardin Botánico de Madrid 47: 377–385. 

PASTORE JFB, ABBOTT JR, NEUBIG KM, VAN DEN BERG C, and 
MOTA MCD. 2019. Phylogeny and biogeography of 
Polygala (Polygalaceae). Taxon 68(4): 673–691. 

PASTORE JFB, MARTINEZ A, and NEUBIG K. 2023. Toward new 
generic delimitations in Polygalaceae II: Senega. 
Annals of the Missouri Botanical Garden 108:   
https://doi.org/10.3417/2023754 

PERSSON C. 2001. Phylogenetic relationships in the Poly-
galaceae based on plastid DNA sequences from the 
trnL-F region. Taxon 50: 763–779. 

PERVEEN A, ALI T, and QAISER M. 2000. Pollination types and 
pollen characters within flora of Karachi. Pakistan 
Journal of Botany 26: 35–56. 

PEŞMEN H. 1980. Six new species from Anatolia. Notes from 
the Royal Botanic Garden, Edinburgh 38: 435–441. 

PUNT W. 1986. Functional factors influencing pollen 
form. In: Blackmore S, Ferguson IK, [ed.], Pollen 

and Spores: Form and Function, 97-101. Academic 
Press, London. 

PUNT W, HOEN PP, BLACKMORE S, NILSSON S, and LE THOMAS A. 
2007. Glossary of pollen and spore terminology. 
Review of Palaeobotany and Palynology 143(1-2): 1–81. 

REILLE M. 1995. Pollen et Spores d’Europe et d’Afrique du 
Nord. Laboratoire de Botanique Historique et Paly-
nologie, Marseille. 

SARVI A, FAGHIR MB, and SHAVVON RS. 2022. Pollen and seed 
micro-morphology of the genus Polygala (Polygala-
ceae) in Iran. Phytotaxa 542(3): 256–270. 

SVOJTKA M, and HALBRITTER H. 2005. Polygala vulgaris. In: 
PalDat, a Palynological Database. https://www.pal-
dat.org/pub/Polygala_vulgaris/110405. Accessed 
2022-08-19 

TELITSINA IV, GRIGORYEVA VV, POZHIDAEV AE, GAVRILOVA OA, and 
SHVANOVA VV. 2019. Morphology of pollen grains of 
some species of the genus Polygala (Polygalaceae) in 
the Caucasian Flora. Botanicheskiy Zhurnal 104(7): 
1110–1121. 

UBERA JL, and DIEZ MJ. 1994. Estudio del sistema 
apertural y estructura de la esporodermis en Polygala 
L. In: Ollivier MD, Andrés IM, Moreno MEB, Heras 
JG, [ed.], Polen y Esporas: Contribución a su Con-
ocimiento, 125–130. VIII Simposio de Palinologia (A. 
P. L. E.), Tenerife. 

VILLANUEVA E, and RAMOS A. 1986. Contribución al estudio 
polínico de Polygala L. (Polygalaceae) en la Península 
Ibérica. Anales del Jardín Botánico de Madrid 42: 
377–388. 

WALKER JW, and DOYLE JA. 1975. The bases of angiosperm 
phylogeny: Palynology. Annals of the Missouri Botani-
cal Garden 62: 664–723. 

WANG R, and DOBRITSA AA. 2018. Exine and aperture 
patterns on the pollen surface: Their formation and 
roles in plant reproduction. Annual Review of Plant 
Biology 1: 1–40. 

WESTERKAMP C, and WEBER A. 1997. Secondary and tertiary 
pollen presentation in Polygala myrtifolia and allies 
(Polygalaceae, South Africa). South African Journal of 
Botany 63: 254–258. 

WODEHOUSE RP. 1935. Pollen grains: Their structure, 
identification and significance in science and medi-
cine. Mc Grew-Hill, New York. 

Pollen morphology of Polygala 47 

https://doi.org/10.3417/2023754
https://www.paldat.org/pub/Polygala_vulgaris/110405
https://www.paldat.org/pub/Polygala_vulgaris/110405

	INTRODUCTION
	MATERIALS AND METHODS
	PLANT MATERIAL
	POLLEN MORPHOLOGICAL STUDIES
	MULTIVARIATE DATA ANALYSES

	RESULTS
	POLLEN MORPHOLOGY
	POLLEN MORPHOLOGICAL DESCRIPTION �(PLATES 1-7)
	MULTIVARIATE DATA ANALYSES

	DISCUSSION
	MULTIVARIATE DATA ANALYSES �AND TAXONOMIC IMPLICATIONS
	COMPARISON OF THE POLLEN MORPHOLOGICAL RESULTS WITH PREVIOUS STUDIES �IN THE SECTION <italic>POLYGALA</italic>
	POLLEN APERTURE NUMBER AND ITS PROBABLE SIGNIFICANCE IN THE TURKISH <italic>POLYGALA</italic>

	CONCLUSION
	AUTHORS’ CONTRIBUTION
	ACKNOWLEDGEMENTS
	REFERENCES

