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ABSTRACT. The main objective of this research was to conduct a  comparative pollen morphological analysis of 
some representatives of the genus Cuscuta in relation to taxonomy. Investigations of 38 species and 1 variation 
revealed that not only the number, but the colpi length, as well as the exine ornamentation (at the SEM level), can 
be regarded as a diagnostic feature. For all the taxa studied, the common zonocolpate type of pollen was observed, 
represented by three variations: I) colpi long; II) colpi of medium length; III) colpi short. In combination with colpi 
length, variations in the number of colpi were also identified, such as: I) 3(4)-zonocolpate pollen grains with long 
colpi (in most of the species studied from subgenera Grammica and Cuscuta, as well as in C. monogyna from the 
subgenus Monogynella); II) 4(3)-zonocolpate pollen grains, with long colpi (C. cristata from subgenus Grammica); 
III) 3-zonocolpate pollen grains both with long colpi and colpi of medium length (C. abyssinica from subgenus Cus-
cuta and C. africana, C. angulata from subgenus Pachystigma); IV) 3-zonocolpate pollen grains with colpi of medium 
length were noted for species from all four subgenera (C. cassytoides, C. lupuliformis from subgenus Monogynella, 
C. kotschyana from subgenus Cuscuta, C. nitida from subgenus Pachystigma and C. jalapensis, C. rostrata, C. sua-
veolens from subgenus Grammica); V) 3–4- or 4-zonocolpate, with short colpi (C. lehmanniana and C. gigantea from 
subgenus Monogynella respectively); VI) 5–6-zonocolpate, with short colpi (C. reflexa from subgenus Monogynella). 

Using SEM, three main types of exine ornamentation were also identified: perforate, foveolate and reticulate. 
The last type in the vast majority of the cases was presented in combination with echinae (rarely with spines 
or granules).

The data revealed that the presence of the significant similarity of palyno-morphological characteristics in 
representatives of the subgenera Cuscuta, Pachystigma and Grammica, with the exception of the species Lepi-
danche adpressa (syn. C. compacta), makes it difficult to create an identification key at the level of individual 
subgenera. Pollen features can be most clearly used only to distinguish the subgenus Monoginella, reflecting its 
certain isolation within the entire Cuscuta genus. 

The presence of a highly specialized reticulate exine ornamentation in Lepidanche adpressa (syn. C. com-
pacta), not identified for the pollen of any of the studied taxa of the subgenus Grammica, indicates a significant 
proximity of this species to the subgenus Monogynella. For the species C. reflexa, the obtained palyno-morpho-
logical data are consistent with the previous opinion about the separation of this species, as well as its more 
advanced position within the genus Cuscuta.
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The genus Cuscuta L. is represented by 
exclusive annual, rarely overwintering root-
less plants with cord-like or filamentous stems 
that wrap around the plant and stick to them 

with the help of haustoria. Combining approxi-
mately 150 to 200 species, Cuscuta is cosmo-
politan, however, the predominant number 
of species (up to 140) occur in the territory of 
both Americas. Austin (1980) wrote, that the 
name Cuscuta originates from the Arabic word *	 Corresponding author
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Kushkut which approximately translates as 
a tangled wisp of hair.

Based on the style and stigma morphology 
of Cuscuta species, three groups are delim-
ited and subsequently ranked in subgenera 
(Engelmann, 1859; Yuncker, 1932). Cuscuta 
subgenus Monogyna species are morphologi-
cally characterized by a single whole or partly 
divided style and stigmas of various forms. 
The remaining subgenera have two styles and 
are distinguished by the characteristics of the 
morphological structure of the stigma: elon-
gated and linear stigmas (Cuscuta subgenus 
Cuscuta) vs short and capitated (Cuscuta sub-
genus Grammica) (Yuncker, 1932).

With regard to the systematic position of 
the genus Cuscuta, some authors consider this 
genus in a  separate Cuscuteae tribe (Choisy, 
1845; Bentham and Hooker, (1873)1876; Bail-
lon, 1891; Hallier, 1893; Peter, 1897) or Cus-
cutoideae subfamily (Peter, 1891; Melchior, 
1964), as a  part of the Convolvulaceae fam-
ily. However, numerous major taxonomists 
(Dumortier, 1829; Hutchinson, 1926; Dahl-
gren, 1980; Roberty, 1952, 1964; Austin, 1986; 
Cronquist, 1988; Takhtajan, 1966, 1987, 1997, 
2009; Hu and Yuan, 2002), treat the genus 
Cuscuta as part of a separate family Cuscuta-
ceae, closely associated with Convolvulaceae. 

Detailed molecular genetic studies of indi-
vidual species, as well as subgenera of the 
genus Cuscuta (Stefanović and Olmstead, 
2004; Costea et al., 2006a, b, c, d, 2008; García 
and Martin, 2007, etc.) indicate that this genus 
is not only a part of the clade Convolvulaceae, 
but also situated directly within this family, as 
derived from at least two saprophytic predeces-
sors (Neyland, 2001; Stefanović et al., 2007).

Stefanović et al. (2002) wrote that accord-
ing to chloroplast DNA sequences, Cuscuta 
is nested within the family Convolvulaceae, 
although the exact position of this ambiguous 
and controversial parasitic genus could not be 
ascertained. According to the authors, this is 
mainly due to the Cuscuta sequences being 
highly divergent, which possibly indicates 
their plesiomorphic condition within the family 
(Stefanović and Olmstead, 2004). In contrast, 
according to Stefanović et al. (2002), the analy-
sis of the nuclear and plastid DNA sequence of 
a number of taxa in the Convolvulaceae fam-
ily is quite consistent with the classical infra-
generic division of Cuscuta (sensu Yuncker, 
1932). All three subgenera were found to be 

monophyletic, and the subgenus Monogyna 
being recorded as a  sister to the rest of the 
genus (i.e. subgenera Cuscuta and Grammica) 
(Stefanović et al., 2002).

However, as a  the next steps of molecular 
investigation, a  new molecular dataset con-
sisting of plastid (rbcL) and nuclear riboso-
mal (nrLSU) DNA sequences was generated 
(García et al., 2014). According to the authors, 
“This study represents the most complete 
molecular phylogenetic hypothesis for Cus-
cuta yet made, including specimens of all the 
sections and subsections accepted by Yuncker 
(1932)” (p. 682). These data confirm that sub-
genera Monogynella (the new subgenus name 
used instead of the previous Monogyna) and 
Grammica are monophyletic, but in contrast 
to previous affirmations, the subgenus Cus-
cuta was confirmed to be paraphyletic, with 
the sister relationship of its South African 
sect. Pachystigma and subgenus Grammica. 
Authors wrote, that as a  result, four major, 
well-supported, and distinct clades were picked 
out and accepted as four subgenera within the 
genus Cuscuta (Monogynella, Cuscuta, Pachy-
stigma and Grammica). At the same time, 
molecular phylogenetic results show a  com-
pletely inverted polarity for almost all of the 
main diagnostic characteristics (i.e. number of 
styles, stigma shape and fruit dehiscence), pro-
posed by Yuncker (1932). 

The logical continuation of these investi-
gations was the work of Costea et al. (2015), 
where the authors present an infrageneric clas-
sification of the genus Cuscuta based on the 
molecular phylogenetic data. A  complete spe-
cies list was also presented for each of the four 
subgenera of the genus Cuscuta. Besides, hav-
ing separated from the subgenus Cuscuta sect. 
Pachystigma (according to the authors, more 
closely related to subgenus Grammica), and 
by accepting it as a separate subgenus Pachy-
stigma, Costea et al. (2015) note the monophy-
letic nature of all four of the above subgenera.

Palynological studies of Cuscuta species 
using LM have been carried out by Erdtman 
(1952), Laguardia (1961), Das and Banerji 
(1966), Heusser (1971), Chiguryaeva (1972), 
Shimakura (1973), Nair and Rehman (1963), 
Kupriyanova and Alyoshina (1972), El-Ghaz-
aly (1991), Martin (2001) et al. At the SEM 
level, the pollen of this genus was studied by 
Sengupta (1972), Cronk and Clarke (1981), 
Pedraza (1985), Andres and Heras (1986), Polo 
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and Diez (1987), Zhang et al. (1991), Severova 
(1995), Perveen and Qaiser (2004), Hamed 
(2005), Liao et al. (2005), Welsh et al. (2010) 
and others. 

Sengupta (1972) proposed an evolutionary 
arrangement of the family Convolvulaceae 
with four major pollen types based on the num-
ber and distribution of apertures. Author also 
argued, that compared with the 3-colpate pol-
len encountered in dodder species, the 5–6-col-
pate grains of Cuscuta reflexa are derived. Polo 
and Diez (1987) revealed that in addition to 
the basic 3–4-zonocolpate aperture type, for 
the species C. epithymum 5–6-, 8–9-, as well 
as 12-pantocolpate pollen grains were noted.

Costea et al. (2006a, b, c, d, 2008) conducted 
taxonomic studies on various species and com-
plexes within the genus Cuscuta and also 
reported on pollen morphology. 

Demir et al. (2017) examined the pollen 
morphology of the 15 taxa of Cuscuta using 
SEM. For 12 species studied, authors quoted 
3-zonocolpate, for C. campestris and C. bre-
vistyla 3(4)-zonocolpate, and for C. planiflora 
3(6)-zonocolpate pollen grains. According 
to Demir et al. (2017), ”the apertures of the 
pollens of these taxa were found scabrate, 
scabrate-perforate, reticulate and ekinate-
reticulate” and “…size and exine can be used 
to distinguish different Cuscuta taxa” (pp. 746 
and 750 respectively). 

Amini et al. (2018) investigated the molecu-
lar and micro-morphological evidence of 12 pop-
ulations of three species of Cuscuta (C. austra-
lis, C. campestris and C. chinensis) in Iran. The 
authors noted that the most important charac-
teristics were pollen shape, ornamentation of 
the tectum, exine thickness and colpus length. 

The study of the overall distribution, mor-
phology, anatomy, and micromorphology of the 
seeds and pollen of Cuscuta campestris was 
carried out by Zare and Dönmez (2020). The 
authors characterized the pollen of C. camp-
estris as tricolpate with sunken apertures and 
microechinate perforate exine ornamentation. 

Noshad et al. (2020) conducted a  detailed 
comparative palyno-morphological analysis 
on the species Cuscuta reflexa (as a  member 
of Cuscutaceae family) and a  few members of 
Convolvulaceae, using LM and SEM. It has 
been concluded that “…Cuscuta refelexa pollen 
are exactly similar to Ipomea arachnosperma 
on the bases of pollen morphology and exine” 
(p. 1215).

The most extensive in terms of the number 
of studied species and the scope of research 
was the work of Welsh et al. (2010), which pro-
vides palyno-morphological data on 135 species 
and 13 variations of the genus Cuscuta using 
scanning electron microscopy. The authors 
noted that “over 95% of the species examined 
can be characterized as 3-zonocolpate, but this 
prevalent apertural type may be accompanied 
in the same anther by a small proportion of 4-, 
5- or even 6-zonocolpate grains and, extremely 
rarely, by pantocolpate grains” (p. 85). The 
authors also confirmed that pollen grains 
with a higher number of apertures (5–8) have 
evolved in Cuscuta from the ancestral state 
with three colpi only in subgenus Monogynella 
(C. reflexa and C. japonica) and in several South 
American species belong to subgenus Gram-
mica, which can be considered one step above 
the primitive. As the main diagnostic features 
of pollen, the authors considered the number 
of colpi, as well as exine ornamentaion, high-
lighting 4 types of sculpture: “…imperforate 
(no perforations present), perforate (tectum 
with puncta <1 µm), microreticulate (reticulate 
ornamentation consisting of muri and lumina 
<1 µm) and reticulate (similar to the previ-
ous, but lumina >1 µm)” (p. 84). According to 
Welsh et al. (2010), the last type is typical only 
for certain species of the subgenera Monogyna 
(Monoginella) and Grammica. The authors 
also defined tectum variation quantitatively as 
“percent perforation”, namely the proportion of 
the perforation surface (puncta or lumina) from 
the total surface of the tectum.

In Armenia, Avetisyan and Mekhakyan 
(1980) investigated the pollen morphology of 
representatives of the genus Cuscuta using 
LM. Data on pollen features of certain spe-
cies of this genus using LM and SEM are also 
available in Hayrapetyan (2010). 

The main objective of this research was to 
conduct a  comparative pollen morphological 
analysis of some representatives of the genus 
Cuscuta in relation to taxonomy. 

The subdivision of the genus Cuscuta is pre-
sented according to Costea et al. (2015).

MATERIAL AND METHODS

Unopened mature flower buds were obtained from 
44 specimens of 38 species and 1 variation of Cuscuta. 
Specimens were sampled from ERE and LE (acro-
nyms follow http://sweetgum.nybg.org/science/ih/). All 

http://sweetgum.nybg.org/science/ih/
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specimens examined are listed in Table 1 and include 
information on synonyms according to their location in 
The Plant List (http://www.theplantlist.org/).

For light microscopy (LM), pollen grains were 
stained with basic fuchsine (Smolyaninova and Gol-
ubkova, 1950), as well as with acetolyzed material 
(Avetisyan, 1950), and fixed in glycerin jelly. The 
details of exine structure and ornamentation were 
studied on acetolyzed pollen grains. Pollen grain 
shape, size, and aperture structure were studied on 
non-acetolyzed stained pollen grains.

Measurements were performed under LM using 
a PZO Warszawa (SK14) and AmScope (2000X LED) 
binocular microscopes. For SEM, non-acetolyzed dry 
pollen grains of 16 selected species were placed in 
a drop of alcohol, mounted on aluminium stubs, and 
sputter-coated with gold. Samples were observed 
under a  Jeol JSM35 scanning electron microscope 
run at 15 kV electron beam, and the images were 
digitized. 

Twenty pollen grains were analysed for each inves-
tigated specimen, and pollen size (i.e. P × E, where 

Table 1. List of investigated species and specimens. The information given in the original herbarium labels is slightly edited, 
in the original language and with English translation where necessary. ERE – Institute of Botany after A. Takhtajan, National 
Academy of Sciences, Yerevan, Armenia; LE – Komarov Botanical Institute of the Russian Academy of Sciences, St. Peters-
burg, Russia; S – specimen

Taxon
Name according to their  

location in The Plant List
(http://www.theplantlist.org/)

S Herbarium sheet information

C. abyssinica A. Rich. C. abyssinica A. Rich. Flora von Uzumbara, N 9114, C. Holst (LE)
C. acutiloba Engelm. C. acutiloba Engelm. Rocky walls of open small canyon, 3000–3200 m. Plants of Peru, 

dep. Lima, Canta, N 14595, F.W. Pennele (LE)
C. africana Choisy C. angulata Engelm. Plantarum Africae Australis Extratropicae, N 5730, Burchell (LE)
C. americana L. C. americana L. Plants of the West Indies, St. Vincent, St. George Parish, N 8246, 

R. Cooley (LE)
C. angulata Engelm. C. angulata Engelm. Plantae Schlechterianae Austro-Africanae, N 9506, O. Rivier (LE)
C. arabica Wight. C. hyalina Roth Arabice “Dan el erneb” loco “Raphidim” Arabiae petraeae, 

W. Schimper (LE)
C. australis R. Br. C. australis R. Br. Kt. Tessin, 150 m N vom casino Lido Ascona, (Herb. Polytechnici 

helvetici turicensis), E.S. Buell (ERE 71577)
C. babylonica Aucher 
ex Choisy 

– Pl. Palaestinae, Env. of Dead Sea, Kallia, R. Sroclov (ERE 76561)

C. breviflora Vis. C. tinei Insenga Transcaucasia, Guria, A. Grossheim (ERE 3513)
C. campestris Yunck. C. campestris Yunck. 1 Россия, Рязанск. обл., Спаский р-н, с. Киструс, по лев. бер. Оки, Ticho-

mirov, Ableev, Degtjareva, Djachenko (Russia, Ryazan region, 
Spassky district, Kistrus village, on the left bank of the Oka 
River) (ERE 57098)

2 АрмССР, Азизбек. р-н, с. Караглух, Мулкиджанян, Асланян (ArmSSR, 
Azizbekov district, Karaglukh village, Mulkidjanian, Aslanyan) 
(ERE 131835)

C. cassytoides Nees C. cassytoides Nees Pl. Africae australis, Grahams-town, 800 m, N 2755, R. Schlechter 
(LE)

C. ceanothi Behr C. ceanothi Behr USA, California, Marin County, N 69091, L. Rose (LE)
C. chinensis Lam. C. chinensis Lam. Pl. of the Peoples Rep. of China, Rancho Santa Ana Bot. gard., 

N 823-21, A. Liston, Li Bosheng, Kong Lingshao, L.Riesberg, Guo 
Ke, J. Morefield (LE)

C. cristata Engelm. C. cristata Engelm. Cordoba N 90, Lorentz
C. epilinum Weihe C. epilinum Weihe Fl. Galliae et Germaniae exs., N 495, F.G. Schultz (LE)
C. epithymum (L.) L. C. epithymum (L.) L. АрмССР, Егегнадз. р-н, Егегнадзор х Агавнадзор, Я.И. Мулкиджанян 

(ArmSSR, Yeghegnadzor district, Yeghegnadzor × Aghavnadzor, 
Ya.I. Mulkidjanian) (ERE 106658)

C. europaea L. C. europaea L. Россия, Тувинск. АССР, Кызыльский р-н, долина р. Ка-Хем, А. Куминова, 
С. Кипряенов (Russia, Tuva ASSR, Kyzyl district, valley of the river 
Ka-Khem, A. Kuminova, S. Kipraenov) (ERE 60665)

C. gigantea Griff. C. gigantea Griff. Afghanistan, N 5899, Herb. Griffith (LE)
C. gronovii Willd. 
ex Roem et Schult.

C. gronovii Willd. ex Roem 
et Schult.

Plantae Quebecenses (Canada), R. Barnabe (LE)

C. indecora Choisy 
var. hispidula 
(Engelm.) Yunck.

Cuscuta indecora Choisy Flora Texana exsicata, N 664, F. Lindheimer (LE)

C. jalapensis Schltdl. C. jalapensis Schltdl. Mexique, N 1955, M. Bourgeau (LE)
C. kotschyana Boiss. C. europaea L. АрмССР, Арташат. р-он, Веди × Гелайсор, Бозбурун, пустыня, А.Л. 

Тахтаджян, Я. Мулкиджанян, Э. Габриэлян (ArmSSR, Artashat 
region, Vedi × Gelaisor, Bozburun, desert, A.L. Takhtajan, 
Y. Mulkidjanian, E. Gabrielian (ERE 64434)

http://www.theplantlist.org/
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P – polar axis and E – equatorial diameter; in the case 
of spheroidal pollen grains – pollen diameter), colpus 
length, apocolpium diameter, mesocolpium width, 
exine thickness, ectexine and endexine ratio were 
measured. The arithmetic mean for pollen size, apoc-
olpium diameter, mesocolpium width, as well as exine 
thickness were also given (Table 2).

The measurement of colpus length was carried out 
due to their variation from long to short in individual 
studied species. Thus, colpi are considered long when 
the ratio of colpus length to polar axis (C/P ratio) is 
4/5–1/1, colpi of medium length – when the ratio of 
colpus length to polar axis is 2/3−3/4, and in the case 
of short colpi, the ratio is 1/2–2/5. 

A  comparative palyno-morphological analysis of 
the types of exine ornamentation within the genus 
Cuscuta was conducted using SEM data.

The summarized palyno-morphological data are 
presented in Table 2. 

The specimens were examined under LM at the 
Institute of Botany after A. Takhtajan (Yerevan, 
Armenia), while SEM studies were carried out at the 

Komarov Botanical Institute of the Russian Academy 
of Sciences (St. Petersburg). 

The morphological terminology used in our study 
mainly follows Erdtman (1952), Kuprianova and Aly-
oshina (1972), Punt et al. (2007) and Halbritter et al. 
(2018). 

Where possible, an identification key for each sub-
genus of the genus Cuscuta has been provided.

RESULTS

Analysis of the data obtained has shown that 
all the studied species of the genus Cuscuta are 
characterised by the presence of zonocolpate 
pollen grains, while some variations in the 
number and length of colpi have been observed. 
In particular, predominantly 3(4)-zonocolpate 
pollen grains (colpi long, sometimes of medium 
length) to 3–4–5–6-zonocolpate (colpi short) 

Taxon
Name according to their  

location in The Plant List
(http://www.theplantlist.org/)

S Herbarium sheet information

C. lehmanniana 
Bunge

C. lehmanniana Bunge 1 Узб. ССР, Ферган. обл., Сарикамыш, на р. Сыр-Дарье, В. Дробов 
(Uzbek SSR, Fergana region, Sarikamysh, on the Syr-Darya river, 
V. Drobov) (ERE 25726)

2 Iter Turkestanicum, N 30, Taschkent (LE) 
C. leucosphaera 
Boiss. et Heldr. 

– Flora Graeca exs., N 517, T.G. Orphanides (LE)

C. lupuliformis 
Krock.

C. lupuliformis Krock. Frankfurt, D. Logger (LE)

C. micrantha Choisy C. micrantha Choisy Chili, Santiago, in collibus, N 489, Philippi (LE)
C. minor Gilib. – Flavigny, France, G Desplantes (LE)
C. mitriformis 
Engelm. ex Hemsl. 

C. mitriformis Engelm. 
ex Hemsl. 

Plantae Mexicanae, Maltrata, N 248, E. Kerber (LE)

C. monogyna Vahl C. monogyna Vahl АрмССР, Кафан. р-н, лев. бер. р. Цав, близ платан. рощи, Мулкиджанян, 
Асланян (ArmSSR, Kafan district, left bank of the Tsav River, 
near the plane tree grove, Mulkidjanian, Aslanyan (ERE 64862)

C. nitida E. Mey. C. nitida E. Mey. Pl. Schlechterianae Austro-Africanae, Terra Capensis, N 7271 (LE)
C. obtusiflora Kunth. C. obtusiflora Kunth. Boliviensium, Pl. Andium, N 1480, Mandon (LE); var breviflora: 

Flora Graeca Exsicata, N 1136, T.G. Orphanides (LE)
C. odontolepis 
Engelm.

C. odontolepis Engelm. N. Mexico, N 1624, C. Wright (LE)

C. odorata Ruíz 
et Pav.

C. odorata Ruíz et Pav. Pl. of Peru, Dep. of Lima, along Rio Chillon, N 14382, F.W. Pennel 
(LE)

C. pedicellata Ledeb. C. pedicellata Ledeb. 1 Fl. Palestinae, Shefela, Naama, N. Naftolsky, No. ERE 76562 (LE)
2 АрмССР, Вединский р-н, с. Байбурт, А.Л. Тахтаджян, Я. Мулкиджанян, 

Э. Габриэлян (ArmSSR, Vedi district, Bayburt village, A.L. 
Takhtajan, Y. Mulkidjanian, E. Gabrielian) (ERE 66251)

C. reflexa Roxb. C. reflexa Roxb. W. Himalaya, N 22072, J.F. Duthie (LE)
C. rostrata Shuttlw. 
ex Engelm. et A. Gray

C. rostrata Shuttlw. 
ex Engelm. et A. Gray

Fl. of California, Santa Cruz, N 2316, M.A. Jones (LE)

C. salina Engelm. C. salina Engelm. Flora of California, Santa Cruz. Marcus E. Jones, A.M. (LE)
C. squamata Engelm. C. squamata Engelm. N. Mexico, N 1628, C. Wright (LE)
C. suaveolens Ser. C. suaveolens Ser. Fl. Galliae et Germaniae exs., N 152, C. Billot (LE)
C. umbellata Kunth C. umbellata Kunth Pl. of Arizona, near Tortilla crk., W. Hess, C. Wilhelm (ERE 56098)
Lepidanche adpressa 
Engelm. 

C. compacta Juss ex Choisy N. America, ex Herb. A. Gray (LE)

Table 1. Continued
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Table 2. Palyno-morphological characteristics of the representatives of the genus Cuscuta 

Taxon Pollen size [μm]
(P × E)1 Aperture C/P 

ratio

Colpus Exine

apocolpium
diameter [μm]

mesocolpium 
width [μm]

thickness 
[μm]

ectexine/ 
endexine

ratio
I. Subgenus Monogynella

C. cassytoides 21.5–24.0/22.82 
in diameter

3-zonocolpate, colpi 
of medium length

2/3−3/4 8.6–9.2/9.0 14.0–15.8/14.8 3.5–3.7/3.6 3 : 1

C. gigantea 28.5–30.0/29.3
in diameter

4-zonocolpate, colpi 
short

1/2–2/5 13.2–13.7/13.5 16.8–17.0/16.9 1.6–1.7/1.6 4 : 1

C. lehmanniana 27.0–28.7/27.9
in diameter

3–4-zonocolpate, 
colpi short

1/2–2/5 12.0–14.3/13.6 12.0–14.1/13.2 2.8–3.0/2.9 2.5 : 1

C. lupuliformis 37.5–40.2/38.9 
in diameter, or
40.0–41.0/40.6
× 36.2–36.7/36.5

3-zonocolpate, colpi 
of medium length

2/3−3/4 12.8–14.0/13.6 26.2–26.7/26.5 3.4–3.5/3.45 3.5 : 1

C. monogyna 22.5–24.0/23.3
in diameter, or
24.5–25.5/25.1
× 17.2–18.2/17.6

3(4)-zonocolpate, 
colpi long 

4/5–1/1 7.5–9.3/8.5 12.5–15.0/13.8 3.2–3.3/3.26 4 : 1

C. reflexa 24.4–25.7/25.04 
in diameter

5–6 zonocolpate, 
colpi short

1/2–2/5 8.8–9.0/8.9 11.6–12.0/11.7 2.3–2.4/2.35 5 : 1

II. Subgenus Cuscuta
C. abyssinica 21.5–23.0/22.3

× 12.5–14.5/13.6
3-zonocolpate, colpi 
long or of medium 
legth 

4/5–1/1
or 

2/3−3/4

5.0–5.5/3 13.5–14.5/14 1.8–2.2/2.0 2 : 1

C. babylonica 23.5–25.0/24.3
× 12.5–15.5/14.2

3(4)-zonocolpate, 
colpi long

4/5–1/1 5.5–6.2/5.9 12.6–14.5/13.6 2.1–2.3/2.2 2 : 1

C. epilinum 23.2–25.8/24.6  
× 16.8–17.4/17.2

3(4)-zonocolpate, 
colpi long

4/5–1/1 4.5–5.0/4.8 9.5–10.4/9.8 2.0–2.2/2.1 1 : 1

C. epithymum 22.5–23.0/22.8
in diameter

3(4)-zonocolpate, 
colpi long

4/5–1/1 8.0–9.0/8.6 14.4–14.7/14.6 2.0–2.3/2.2 2 : 1

C. europaea 16.7–18.9/17.9 
× 12.6–14.0/13.4

3(4)-zonocolpate, 
colpi long

4/5–1/1 4.2–5.4/4.7 8.7–10.8/9.8 1.8–2.0/1.9 2 : 1

C. kotschyana 24.0–24.3/24.2 
× 18.0–18.8/18.5

3-zonocolpate, colpi 
of medium length

2/3−3/4 8.0–9.0/8.4 14.5–14.9/14.7 2.0–2.1/2.05 1 : 1

C. leucosphaera 23.6–24.3/24.0 
× 22.0–22.5/22.3

3(4)-zonocolpate, 
colpi long

4/5–1/1 3.5–4.2/3.9 12.0–12.5/12.3 1.4–1.5/1.45 2.5 : 1

C. pedicellata 17.7–18.5/18.2 
× 15.5–17.8/16.8

3(4)-zonocolpate, 
colpi long

4/5–1/1 5.0–5.5/5.3 10.0–11.6/10.9 1.2–1.5/1.4 2 : 1

III. Subgenus Pachystigma
C. africana 21.5–22.5/22.1

× 17.5–18.0/17.7
3-zonocolpate, colpi 
long or of medium 
legth 

4/5–1/1
or 

2/3−3/4

4.5–5.0/4.8 12.0–12.5/12.3 2.4–2.5/2.45 3 : 1

C. angulata 23.2–25.4/24.2
in diameter

3-zonocolpate, colpi 
long or of medium 
legth

4/5–1/1
or

2/3−3/4

7.7–8.4/8.1 19.2–19.9/19.6 2.2–2.3/2.25 3 : 1

C. nitida 20.8–23.0/22.0 
× 25.5–28.8/27.0

3-zonocolpate, colpi 
of medium length

2/3−3/4 10.8–11.0/10.9 17.6–17.9/17.8 1.7–1.8/1.75 1.5 : 1

IV. Subgenus Grammica
Lepidanche 
adpressa (syn.
C. compacta) 

27.5–28.0/27.7
× 18.5–22.0/19.7

3(4)-zonocolpate, 
colpi long 

4/5–1/1 4.2–5.0/4.6 10.5–11.5/10.9 1.7–2.1/1.9 3 : 1

C. acutiloba 20.0–23.5/21.4
in diameter

3(4)-zonocolpate, 
colpi long

4/5–1/1 6.6–6.9/6.7 14.4–15.9/15 1.4–1.8/1.6 2.5 : 1

C. americana 15.5–16.8/16.2
× 13.5–14.0/13.7

3(4)-zonocolpate, 
colpi long

4/5–1/1 5.5–7.0/6.2 10.0–11.0/10.3 ca 2.0 3 : 1

C. arabica 
(syn. C. hyalina)

14.5–20.0/17.5
× 16.8–22.5/19.3

3(4)-zonocolpate, 
colpi long

4/5–1/1 5.0–6.0/5.4 17.0–20.5/18.6 2.0–2.2/2.06 1 : 1

C. australis 22.5–23.0/22.7
× 15.0–16.5/15.8

3(4)-zonocolpate, 
colpi long

4/5–1/1 4.5–5.0/4.7 15.0–15.5/15.2 1.9–2.1/1.9 1.5 : 1

C. campestris 17.0–18.5/17.8
× 17.5–20.3/18.9

3(4)-zonocolpate, 
colpi long

4/5–1/1 7.5–8.2/7.9 12.2–14.0/13 2.4–2.5/2.4 2 : 1

C. ceanothi 16.8–17.2/17
× 21.6–23.0/22.0

3(4)-zonocolpate, 
colpi long

4/5–1/1 7.2–7.5/7.4 14.7–15.4/15.01 1.6–1.7/1.6 2.5 : 1

C. chinensis 18.5–20.0/19.0
× 17.0–18.0/17.3

3(4)-zonocolpate, 
colpi long

4/5–1/1 8.6–9.0/8.7 14.0–15.0/14.4 2.4–2.5/2.4 2 : 1
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pollen grains have been identified. Pollen of all 
species studied small or of medium size; the 
form of pollen grains varies from prolate to 
oblate spheroidal. 

I. Subgenus Monogynella 
Fig. 1

Pollen size of representatives of this subgenus 
varies from 21.5–24.0 µm in diameter (C. cassy-
toides) to 40.0–41.0 × 36.2–36.7 µm (P × E) in 
C. lupuliformis. Regarding the shape of the pol-
len grains of most of the species studied, sphe-
roidal, in species C. lupuliformis and C. mono-
gyna also prolate pollen grains were observed. 
Pollen of C. cassytoides, C. lupuliformis is char-
acterized by the presence of 3-zonocolpate, that 
of C. monogyna by 3(4)-zonocolpate and that of 
C. lehmanniana by 3–4-zonocolpate apertures. 
In the species C. gigantea 4-zonocolpate, and 

in C. reflexa 5–6-zonocolpate apertures were 
revealed. With the exception of C. monogyna, 
where the long colpi were revealed, in the pol-
len of the other species colpi of medium length 
or short were noted. The latest aperture varia-
tion within the genus Cuscuta is typical only for 
species of this subgenus. Exine thickness varies 
from 1.6–1.7 µm in C. gigantea to 3.5–3.7 µm in 
C. cassytoides; ectexine 2.5 to 5 times thicker 
than endexine; columellae separated, with 
spherical or claviform heads. Exine ornamenta-
tion reticulate (LM); ornamentation under SEM 
reticulate, and excrescences of various shapes 
(granules, spinules, spines) on the reticulum 
muri were noted.

–– Pollen grains 3(4)-zonocolpate
–– Pollen grains 3(4)-zonocolpate, colpi long . . . . .       

 . . . . . . . . . . . . . . . . . . . . . . . . . . . .                             C. monogyna
–– Pollen grains 3-zonocolpate, colpi of medium 

length . . . . . . . . C. cassytoides, C. lupuliformis

Taxon Pollen size [μm]
(P × E)1 Aperture C/P 

ratio

Colpus Exine

apocolpium
diameter [μm]

mesocolpium 
width [μm]

thickness 
[μm]

ectexine/ 
endexine

ratio
C. cristata 24.4–25.0/24.5

× 30.0–31.2/30.4
4(3)-zonocolpate, 
colpi long

4/5–1/1 4.8–5.3/5.1 14.0–14.5/14.2 1.6–1.7/1.6 2 : 1

C. gronovii 26.8–29.5/28.2 
× 25.6–27.0/26.1

3(4)-zonocolpate, 
colpi long

4/5–1/1 9.3–10.4/9.7 18.7–20.0/19.3 1.2–1.4/1.3 2 : 1

C. indecora var. 
hispidula

26.0–27.1/26.5 
× 22.3–23.7/23

3(4)-zonocolpate, 
colpi long

4/5–1/1 6.8–7.1/6.9 20.9–21.9/21.4 1.6 2.5 : 1

C. jalapensis 22.0–27.0/24.6 
× 21.0–27.9/24.5

3-zonocolpate, colpi 
of medium length

2/3−3/4 11.6–11.8/11.7 15.0–15.4/15.2 2.7–2.8/2.7 3 : 1

C. micrantha 25.0–25.2/25.1
× 20.0–20.3/20.12

3(4)-zonocolpate, 
colpi long

4/5–1/1 4.7–4.8/4.6 9.5–9.6/9.5 1.4–1.5/1.4 3.5 : 1

C. mitriformis 23.2–25.2/24.1
in diameter

3(4)-zonocolpate, 
colpi long

4/5–1/1 8.8–9.0/8.6 16.5–16.7/16.6 2.2–2.3/2.2 2 : 1

C. obtusiflora 24.0–25.0/24.4 
in diameter, or
23.2–27.7/25.1 
× 23.5–25.5/24.4

3(4)-zonocolpate, 
colpi long

4/5–1/1 8.0–8.2/8.1 20.0–20.2/20.1 2.5 –2.6/2.5 4 : 1

C. odontolepis 20.0–20.5/20.2 
× 23.1–23.5/23.3

3(4)-zonocolpate, 
colpi long

4/5–1/1 8.1–8.2/8.15 13.5–14.0/13.8 1.5–1.6/1.55 1.5 : 1

C. odorata 29.2–30.0/29.5
in diameter

3(4)-zonocolpate, 
colpi long

4/5–1/1 6.4–6.5/6.45 14.4–15.1/14.6 2.4–2.5/2.45 2 : 1

C. rostrata 27.6–28.0/27.8
× 22.0–22.3/22.2

3-zonocolpate, colpi 
of medium length

2/3−3/4 12.0–12.5/12.2 13.7–15.0/14.4 2.0–2.1/2,04 2 : 1

C. salina 24.3–25.4/24.7 
in diameter, or 
24.0–24.4/24.2
× 26.1–26.4/26.2

3(4)-zonocolpate, 
colpi long

4/5–1/1 7.2–7.4/7.3 12.4–12.8/12.5 2.2–2.3/2.25 1.5 : 1

C. squamata 15.5–18.9/17.3 
× 14.0–16.5/15.3

3(4)-zonocolpate, 
colpi long

4/5–1/1 7.5–8.4/7.8 11.5–12.0/11.8 3.2–3.3/3.25 1.5 : 1

C. suaveolens 20.5–22 /21.3
in diameter, or 
20.4–20.7/20.5 
× 22.0–22.5/22.3

3-zonocolpate, colpi 
of medium length 

2/3−3/4 8.0–8.4/8.2 10.8–11.5/11.2 1.6–1.7/1.65 2 : 1

C. umbellata 23.5–26.7/24.7
× 20.5–22.0/21.3

3(4)-zonocolpate, 
colpi long

4/5–1/1 8.0–8.2/8.1 17.5–18.1/18 2.3–2.4/2.35 2.5 : 1

1	 P – polar axis, E – equatorial diameter.
2	 Averaged data, obtained by measuring 20 pollen grains, are presented in the table after the forward slashes.

Table 2. Continued



A. Hayrapetyan et al. / Acta Palaeobotanica 64(1), 60–74, 2024 67

–– The number of colpi varies, colpi short 
–– Pollen grains 3–4-zonocolpate 

–– Pollen grains 3–4-zonocolpate, pollen size 
37.5–40.2 μm in diameter, or 40.0–41.0 μm 
× 36.2–36 μm . . . . . . . . . . . .           C. lehmanniana

–– Pollen grains 4-zonocolpate, pollen size 
28.5–30.0 μm in diameter  . . . . .     C. gigantea 

–– Pollen grains 5–6-zonocolpate . . . . . . .       C. reflexa

II. Subgenus Cuscuta 
Fig. 2A–L

Pollen grains of all 8 studied species are 
3(4)-zonocolpate, from prolate to spheroidal. 
The size of pollen grains varies from 16.7–18.9 
× 12.6–14.0 µm in C. europaea to 24.0–24.3 
× 18.0–18.8 µm in C. kotschyana. Colpi long 
(in the vast majority of species) or of medium 
length (C. kotschyana), in the pollen of C. abys-
sinica, both aperture variations were observed 
simultaneously; in width colpi sometimes nar-
row, almost slit-like, often operculate: the 
colpus edges are generally slightly undulate, 
the ends pointed. The exine thickness varies 
from 1.2–1.5 µm (C. pedicellata) to 2.1–2.3 µm 
(C. babylonica); ectexine is quite often 1.5 to 
2.5 times thicker than endexine; columellae 

separated, thin or thick, quite often thickened 
at the ends, sometimes also with enlarged 
bases. Exine ornamentation is predominately 
finely reticulate (LM); ornamentation under 
SEM is echinate perforate, sometimes echi-
nate perforate tuberculate (C. babylonica).

–– Colpi long 
–– Exine ornamentation echinate perforate  . . . . .    

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                             C. epilinum,  
C. epithymum, C. europaea, C. leucosphaera, 
C. pedicellata 

–– Exine ornamentation echinate perforate tuber-
culate . . . . . . . . . . . . . . . . . . . . . . .                       C. babylonica 

–– Colpi long or of medium length  . . . .     C. abyssinica
–– Colpi of medium length . . . . . . . . . . .           C. kotschyana

III. Subgenus Pachystigma 
Fig. 2M–O

Pollen grains are 3-zonocolpate, prolate in 
C. africana, spheroidal in C. angulata and 
oblate spheroidal in C. nitida. Pollen grains of 
all three studied species are approximately the 
same in size (Table 2). Colpi of medium length 
(C. nitida), in the pollen of C. africana, and 
C. angulata, both long and medium length aper-
ture variations were observed simultaneously; 

Figure 1. Pollen grains of the representatives of the subgenus Monogynella (SEM micrographs). A–C. C. cassytoides; D–F. 
C. lehmanniana; G–I. C. monogyna (A, D, G – polar view; B, E, H – equatorial view; C, F, I – exine ornamentation). Scale bar 
= 10 μm in D, E; 5 μm in A, B, G, H; 1 μm in C, F, I
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in width colpi sometimes narrow, almost slit-
like: the colpus edges are generally slightly 
undulate, the ends pointed. The exine thick-
ness varies from 1.7–1.8 µm (C. nitida) to 2.4–
2.5 µm (C. africana); ectexine is quite often 1.5 

to 3 times thicker than endexine; columellae 
separated, thin or thick, quite often thickened 
at the ends. Exine ornamentation is predomi-
nately finely reticulate (LM); ornamentation 
under SEM is echinate foveolate (C. africana).

Figure 2. Pollen grains of the representatives of the subgenera Cuscuta and Pachystigma (SEM micrographs). A–L. Subgenus 
Cuscuta; A–C. C. abyssinica; D–F. C. epilinum; G–I. C. europaea; J–L. C. pedicellata; M–O. Subgenus Pachystigma, C. afri-
cana (A, D, G, J, M – polar view; B, E, H, K, N – equatorial view; C, F, I, L, O – exine ornamentation). Scale bar = 10 μm in 
A, B; 5 μm in D, E, G, H, J, K, M, N; 1 μm in C, F, I, L, O
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IV. Subgenus Grammica 
Fig. 3

Pollen grains of the vast majority of the 
species studied are 3(4)-zonocolpate, with the 
exception of C. jalapetsis, C. rostrata, C. sua-
veolens (3-zonocolpate) and C. cristata with 
4(3)-zonocolpate apertures. The shape of the 

pollen grains is oblong, broadly ellipsoidal, 
spheroidal or oblate spheroidal, and variations 
in the shape can be observed even within the 
same sample. Pollen size (P × E) varies from 
15.5–16.8 μm × 13.5–14.0 μm (C. americana) 
to 24.4–25.0 μm × 30.0–31.2 μm (C. cristata). 
Colpi in the pollen of most of the species are 
long (in species C. jalapensis, C. suaveolens, 

Figure 3. Pollen grains of the representatives of the subgenus Grammica (SEM micrographs). A–C. C. americana; D–F. 
C. arabica; G–I. C. campestris; J–L. C. squamata; M, N. Lepidanche adpressa (A, D, G, J – polar view; B, E, H, K, M – equato-
rial view; C, F, I, L, N – exine ornamentation). Scale bar = 10 μm in M; 5 μm in A, B, D, E, G, H, J, K; 1 μm in C, F, I, L, N
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and C. rostrata of medium length), quite often 
operculate, from narrow, almost slit-like to 
wide, with smooth or slightly wavy margins; 
colpi ends pointed or slightly rounded. The 
thickness of the exine layer varies from 1.2–
1.4 µm (C. gronovii) to 2.7–2.8 µm (C. jalapen-
sis); ectexine is 1.5 to 3.5 times thicker than 
endexine; columellae separated, thin or thick, 
quite often thickened at the ends, sometimes 
also with enlarged bases. Exine ornamentation 
is finely reticulate (LM); ornamentation under 
SEM for a number of species is predominantly 
echinate perforate foveolate or echinate per-
forate tuberculate; in the species Lepidanche 
adpressa (syn. C. compacta), reticulate orna-
mentation with granules on the reticulum 
muri was revealed (Fig. 3N). 

–– Exine ornamentation reticulate  . . . . . . . . . . . . . . .              
 . . . . . . . .          Lepidanche adpressa (syn. C. compacta)

–– Exine ornamentation echinate perforate foveolate 
(tuberculate) . . . . . . . . . . . . . . . .                other taxa studied

DISCUSSION

Analysis of derivations from various types 
of colpate apertures (colpate, colporate, etc.) 
to porate ones revealed, that the essential 
features include not only the number but also 
the length of the colpi (Takhtajan, 1966; Van 
Campo, 1976). On the whole, in the presence of 
the common zonocolpate aperture type of pol-
len in the genus Cuscuta, the following aper-
ture subtypes were discovered:

–– 3(4)-zonocolpate pollen grains with long 
colpi (in most of the species studied from sub-
genera Grammica and Cuscuta, as well as in 
C. monogyna from the subgenus Monogynella);

–– 4(3)-zonocolpate pollen grains, with long 
colpi (C. cristata from subgenus Grammica);

–– 3-zonocolpate pollen grains both with 
long colpi and colpi of medium length (C. abys-
sinica from subgenus Cuscuta and C. africana, 
C. angulata from subgenus Pachystigma);

–– 3-zonocolpate pollen grains with colpi of 
medium length were noted for species from all 
four subgenera (C. cassytoides, C. lupuliformis 
from subgenus Monogynella, C. kotschyana 
from subgenus Cuscuta, C. nitida from subge-
nus Pachystigma and C. jalapensis, C. rostrata, 
C. suaveolens from subgenus Grammica);

–– 3–4- or 4-zonocolpate, with short colpi 
(C. lehmanniana and C. gigantea from subge-
nus Monogynella respectively); 

–– 5–6-zonocolpate, with short colpi (C. re-
flexa from subgenus Monogynella). 

In our investigations of the genus Cuscuta, 
three main types of pollen sculpture were also 
identified: perforate, foveolate and reticulate. 
The last sculpture type in the vast majority of 
the samples was present in combination with 
echinae (rarely with spines or granules). For 
the species C. americana, C. chinensis (subge-
nus Grammica), as well as C. epilinum (sub-
genus Cuscuta) echinate perforate foveolate, 
and for C. arabica (subgenus Grammica), as 
well as for C. babylonica (subgenus Cuscuta) 
echinate perforate tuberculate types of pollen 
sculpture were noted.

The analysis of the data obtained was used 
to compile a brief summary of the palyno-mor-
phological characteristics for each of the sub-
genera of the genus Cuscuta.

Within the subgenus Monogynella a variety 
of zonocolpate apertures both in length (colpi 
long, colpi of medium length, short colpi) and 
in their number (mainly 3 or 4, in C. reflexa – 
5–6) was noted. A significant variability in the 
size of pollen grains in individual species (from 
21.5 to 41.0 μm, i.e. almost double) was also 
identified. The presence of such a wide range 
of variability in pollen characteristics provided 
the basis for an identification key within this 
subgenus (see above). At the same time, pollen 
of representatives of this subgenus is uniform 
in the type of exine ornamentation (reticulate 
with excrescence of various forms); only the 
sizes of the lumina vary. 

For subgenus Cuscuta, in the presence of 
a common 3(4)-zonocolpate aperture type, some 
variability in the length of pollen apertures was 
revealed. Colpi are mainly long, however, in 
C. kotschyana they are of medium length, and 
in C. abyssinica both long and medium length 
colpi were found. Exine ornamentation in most 
studied species is echinate perforate (in C. baby-
lonica echinate perforate tuberculate). The data 
received provided the basis for an identification 
key within this subgenus (see above).

For three studied representatives of the 
subgenus Pachystigma (previously considered 
one of the sections of the subgenus Cuscuta), 
a  common 3-zonocolpate type of pollen aper-
ture with a variation in length of colpi (long or 
of medium) was noted; sculpture is echinate 
foveolate. 

In the most studied (in terms of the num-
ber of taxa) subgenus Grammica, significant 
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palyno-morphological uniformity was revealed 
both in the number of pollen apertures (mainly 
3(4)-zonocolpate) and in the length of colpi 
(long). Except for the pollen of Lepidanche 
adpressa (syn. C. compacta) with reticulate 
pollen sculpture, an echinate perforate foveo-
late (tuberculate) exine ornamentation was 
noted, that provided the basis for a short iden-
tification key (see above).

Our research has confirmed the significant 
palyno-morphological proximity of the subgen-
era Grammica and Cuscuta. Pollen grains of 
the vast majority of investigated representa-
tives of both subgenera were characterized by 
common 3(4)-zonocolpate pollen (colpi long, 
sometimes of medium length) and a  similar 
exine ornamentation, exactly, echinate perfo-
rate, sometimes echinate perforate foveolate 
or echinate perforate tuberculate. The data 
obtained are consistent with molecular phy-
logenies that resolved subgenera Cuscuta and 
Grammica as sister clades Stefanović et al., 
2002; Revill et al., 2005).

In contrast, the presence of a common echi-
nate foveolate type of pollen ornamentation 
in the species C. africana from the subgenus 
Pachystigma and some species from the subge-
nus Grammica (C. campestris, C. americana, 
C. squamata) indicates a certain proximity of 
these two subgenera. It is also interesting that 
due to the reticulate type of pollen sculpture in 
the species Lepidanche adpressa (syn. C. com-
pacta), the subgenus Grammica is also close to 
the subgenus Monogynella. 

In the subgenus Grammica, the presence of 
almost all types of pollen exine ornamentation 
(echinate perforate foveolate, echinate perfo-
rate tuberculate, as well as reticulate ones), 
typical for the genus Cuscuta as a whole possi-
bly indicates its central (or intermediate, tran-
sitional) position, allowing the formation of 
certain relationships with all three other sub-
genera. It can be argued that the suggestion 
of Telleria and Daners (2003) about the sig-
nificant taxonomic significance of exine orna-
mentation is quite clearly expressed within the 
genus Cuscuta.

CONCLUSION

For all studied species, three variations 
in the common zonocolpate aperture type of 
pollen were recognized (colpi long, colpi of 

medium length, short colpi); variations in the 
number of apertures were also identified. The 
data obtained is consistent also with earlier 
views of Welsh et al. (2010) on the presence 
of pollen aperture polymorphism in the genus 
Cuscuta.

In contrast, the significant similarity of 
pollen characteristics in representatives of 
the subgenera Cuscuta, Pachystigma and 
Grammica (with the exception of the spe-
cies Lepidanche adpressa (syn. C. compacta)) 
makes it difficult to create an identifica-
tion key at the level of individual subgen-
era. Thus, pollen morphological results are 
largely inconsistent with the existing infra-
generic classification.

Pollen characteristics are most applicable 
to the subgenus Monoginella, reflecting its 
somewhat isolated position within the genus 
Cuscuta. The data obtained were consist-
ent with the results on the structure of the 
seed coat, the comparative embryology and 
karyology of the genus Cuscuta (Tiagi, 1951; 
Hutchison and Ashton, 1979; Aryavand, 1987; 
Terekhin and Kotov, 1988), as well as molecu-
lar studies that resolved subgenus Monogy-
nella as the sister of the rest of the genus 
(Stefanović et al., 2002; Revill et al., 2005). 

The presence of a reticulate exine ornamen-
tation, not identified for the pollen of any of 
the studied taxa of the subgenus Grammica, 
indicates a significant proximity of the species 
Lepidanche adpressa (syn. C. compacta) to the 
subgenus Monogynella.

For the species C. reflexa, the obtained 
palyno-morphological data are consistent 
with the opinion of Sengupta (1972) about the 
isolation of this species, as well as its more 
advanced position.
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