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Summary. Pollen of 62 species from the genus Euonymus (Celastraceae) were studied using light (LM), confocal 
laser scanning (CLSM) and scanning electron (SEM) microscopes. This is approximately half of the species composi-
tion of the taxon. The genus, as a whole family, is quite homogeneous by palynomorphological characteristics and 
represented by 3-colporate pollen type. On the other hand, some species and (or) group of species could be segregated 
considering the details of structure (aperture structures, exine ornamentation). We have found 3-colporate pollen in 
all investigated taxa and 19 species also have 2- and/or 4-6-deviated grains with different colpi arrangement. Their 
structure has been studied in more detail with a CLSM 3-dimentional reconstruction. Grains are isopolar, ellipsoidal 
or spheroidal medium sized, from 17 to 41 µm in diameter. Colpi are long, spired at the ends. Endoaperture (ora) 
range from poorly-defined, rounded or slightly elongared along the colpus up to well-defined, with sharp edges, el-
liptical and elongared along the equator. LM-observing shows H-shaped aperture; CLSM data demonstrate that they 
are constructed from ora bridge and exine thinning on both sides of parallel colpus. The exine is tectate, columellate, 
with well-defined columella layer. Exine thickness is from 1.5 to 5.1 µm. The ornamentation varies from reticulate to 
microperforate. The species groups divided according to their palynomorphological characteristics generally do not 
coincide with the genus subdivision onto subgenera and sections. The taxonomic significance of various palynological 
characteristics is discussed.

Морфология пыльцы представителей рода Euonymus (Celastraceae)

O. А. Гаврилова1, Д. А. Брицкий1, В. В. Григорьева1, В. Ф. Тарасевич1,  
А. Е. Пожидаев1, В. М. Леунова2

1 Ботанический институт им. В. Л. Комарова РАН, ул. Проф. Попова, д. 2, г. Санкт-Петербург, 197376, Россия

2 Московский государственный университет, Ленинские горы,1-12, г. Москва, 119234, Россия

Ключевые слова: апертуры, микроскопия, систематика, спородерма, структура экзины. 

Аннотация. С помощью светового (СМ), конфокального лазерного сканирующего (КСЛМ) и сканирую-
щего электронного (СЭМ) микроскопов изучена пыльца 62 видов рода Euonymus (Celastraceae). Род, как и все 
семейство, довольно однороден по палиноморфологическим признакам и представлен трехбороздно-оровым 
типом пыльцевых зерен. Однако некоторые виды и (или) группы видов могут быть выделены с учетом деталей 
строения (апертур или поверхности экзины). У всех исследованных таксонов обнаружены 3-бороздно-оровые 
пыльцевые зерна, у 19 представителей наряду с 3-бороздно-оровыми встречаются также 2- и/или 4-6-борозд-
но-оровые зерна с разным расположением борозд и ор. Структура апертур изучена более подробно с исполь-
зованием трехмерных реконструкций конфокальной микроскопии. Зерна радиально-симметричные, эллипсо-
идальные или сфероидальные, среднего размера, от 17 до 41 мкм в диаметре. Борозды длинные, заостренные 
на концах. Эндоапертуры (оры) встречаются от слабо очерченных, неясных, округлых или чуть вытянутых по 
борозде до хорошо различимых, с четкими краями, эллипсоидальных, вытянутых по экватору. Наблюдение 
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с помощью СМ показывает H-образные апертуры, данные КЛСМ демонстрируют, что они состоят из оро-
вой перемычки и утоньшений экзины с двух сторон параллельно бороздам. Экзина столбиковая, тектатная, 
в большинстве случаев хорошо выражен столбиковый слой. Толщина экзины от 15 до 5,1 мкм. Поверхность 
варьирует от крупносетчатой до микроперфорированной. Выделенные по палиноморфологическим характе-
ристикам группы видов в основном не совпадают с подразделениями рода на подроды и секции. Обсуждается 
таксономическое значение отдельных палинологических признаков. 

The genus Euonymus L. belongs to the family 
Celastraceae R. Br. of the order Celastrales and 
contains from 129 (Ma, 2001) to 200 species 
(Leonova, 1974; Tzvelev, 2004; Savinov, Baikov, 
2007), which are deciduous and evergreen shrubs 
or small trees. Plants of Euonymus grow in the 
undergrowth or along broad-leaved, mixed or 
coniferous forests in tropical, subtropical and 
temperate areas of both hemispheres. Because of 
the beautifully colored seeds, spindle trees are often 
cultivated as ornamental plants in gardens and parks 
all around the world.

The most of systematics (Leonova, 1974; Ma, 
2001; Tzvelev, 2004; Savinov, Baikov, 2007) accept 
a genus after R. A. Blakelock (1951): the subgenus 
Kalonymus R. Beck which was allocated by Ya. I. 
Prokhanov (1949, 1960) to separate genus, and the 
genera allocated by T. Nakai (1941) as sections are 
included in Euonymus. Now, there are two main 
worldwide taxonomic systems of the genus: 1) the 
R. A. Blakelock system (1951) (including with T. 
Leonova (1974) changes which have made many 
taxonomical decisions of T. Nakai (1941) and 
Th. Loesener (1942)), and 2) the J.-S. Ma (2001) 
system. According to R. A. Blakelock (1951) the 
genus includes 6 sections in subgenus Euonymus 
and one section in subgenus Kalonymus. T. Leonova 
(1974), and after her, I. Savinov and K. Baikov 
(2007), I. Savinov (2007) have divided the genus 
into 12 sections, 10 of them are from subgenus 
Euonymus and 2 of them are from Kalonymus. After 
J.-S. Ma (2001) the genus includes 5 sections, 4 of 
them are combined into subgenus Euonymus, and all 
sections are allocated on the basis of fruits structure. 
J.-S. Ma (2001) has united three sections of R. 
A. Blakelock (1951): Biloculares Rouy et Fouc., 
Multiovulares Loes., Stenocarpus Blakel. in one 
section Euonymus, while the section Melanocarya 
(Turcz.) Nakai, Echinococcus Nakai and Ilicifolia 
Nakai have been left almost invariable, although the 
number of species has been reduced. The subgenus 
Kalonymus is acknowledged as the youngest group 
of spindle trees (Shimanovich, 1987; Savinov, 
Baikov, 2007). N. Tzvelev (2004) doesn't divide a 
genus into subgenera and has united spindle trees 
of Eastern Europe into 8 sections, having allocated 

one new section Nanevonymus with one species E. 
nanus. B. Schulz (2006) has described fruits and 
seeds of 30 widely cultivated species of spindle 
trees from Central Europe and species’ criteria 
have been discussed. Based on the morphological 
and molecular data, M. P. Simmons et al. (2012) 
considered that all infrageneric classifications 
weren't natural and demanded rather significant 
revision. Y.-N. Li et al. (2014) concluded that only 
two sections (Echinococcus and Kalonymus) of J.-S. 
Ma (2001) system correspond to molecular groups.

The pollen morphology of the genus has been 
insufficiently studied, and also pollen data hasn't 
been used for taxonomy and systematics. There 
are palynomorphological characteristics of 26 
Euonymus species, which were obtained mainly 
with light microscope (LM), rarely scanning 
electron (SEM) microscope (Erdtman, 1952; Ikuse, 
1956; Wang et al., 1960; Nair, 1965; Lobreau, 1969; 
Heusser, 1971; Huang, 1972; Kupriyanova, 1972; 
Shimakura, 1973; Poliychuk, 1978; Nakamura, 
1980; Artyushenko, Romanova, 1984; Chester, 
Raine, 2001; Premathilake, Nilsson, 2001; Perveen, 
Qaiser, 2008). D. Lobreau-Callen and B. Lugardon 
(1972–1973) have been studied sporoderm 
ultrastructure of 2 species (E. europaeus L., 
E. japonicus Thunb.) using SEM and transmission 
electron (TEM) microscope.

In our paper, the pollen of 62 species (specimens) 
from the genus Euonymus (Celastraceae) was 
studied using LM and SEM and partly with confocal 
laser scanning (CSLM) microscopes. This is about a 
half of the species’ composition of the taxon.

The aim of our research work was the study of 
pollen morphology of the genus Euonymus by SEM 
and CLSM and supplement LM data. We tried to 
specify features of a structure and variety of pollen 
characteristics, that expand our knowledge of 
this taxon, and to estimate the value of the pollen 
morphological characteristics for taxonomy.

Material and methods
Pollen samples were collected in herbarium of 

the Komarov Botanical Institute, Russian Academy 
of Sciences (St. Petersburg, Russia) (BIN RAS). 
The following vouchers were investigated: E. acan-
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thocarpus Franch. (E. acanthocarpus Franch. var. 
sutchuenensis Franch. ex Diels): “China 1907–
1909, s. n.”; E. actinocarpus Loes. (E. angustatus 
Spraque): “Hong Kong, Shek–O, Y. W. Tsam 1178. 
24 V 1940”; E. alatus (Thunb.) Siebold: “Sakhalin, 
South-Sakhalin reservation, S. Kravchenko s. n. 22 
VI 1950”; E. americanus L.: “Baltimore, North 
Carolina, № 422в. 26 V 1894”; E. artropurpureus 
Jacq.: “Texas, Houston, A. Travers 323. 24 V 1957”; 
E. benthamii Lundell (E. acuminatus Benth.): 
“Mexico, Benth. № 452, 1870”; E. bungeanus Max-
im.: “Manchuria, Dalniy, J. Vasilieva, s. n. 1903”; 
E. cornutus Hemsl.: “China, Western Szechuan,  
E. H. Wilson 1047. 07 VIII 1907–1909”; E. czern-
jaevii Klokov: “USSR, Donetsk, Е. Mordak, L. Sve-
schnicova s. n. 02 V 1977”; E. dasydictyon Loes. 
et Rehder: “Tibet, highlands between the stations of 
O-Lun-shi and Makhchuk. 18 V 1893”; E. dichoto-
mus Heyne ex Wall.: “India orientalis. Herb. Wight. 
484”; E. echinatus Wall.: “Nepal, Bagmati zone, 
Kathmandu District Sheopuri Ridge, D. N. Nicolson 
3345. 13 V 1967”; E. elegantissimus Loes. et Re-
hder: “Сhina, Peking, W. Y. Hsia s. n. 15 IV 1926”; 
E. europaeus L. “Belorussia, Gomel, N. Kozlovs-
kaya s. n. 23 V 1962”; E. fimbriatus Wall.: “N. W. 
Himalaya, Deota Temple, D. Dultne 22545, 09 V 
1989”; E. frigidus Wall.: “Sikkim, Sunducrophro, 
C. B. Clarke 35672а. 04 VI 1884”; E. gibber Hance 
(E. miyakey Hayata): “China, Hainan, S. K. Lau  
s. n. 18 V 1933; E. glaber Roxb.: “Сalcutta s. n.”;  
E. grandiflorus Wall.: “Сhao Cim ssu im Kreise 
Teng fong, Honan, A. K. Schingler s. n., VIII 1907”; 
E. hamiltanianus Wall.: “Сult. in garden, Kew,  
R. A. Blakelork. 06 X 1977”; E. hederacea Champ. 
ex Benth. (E. radicans Miq.): “Suchumi, Т. Leonova 
s. n. 05 VI 1955”; E. integerrimus Prokh.: “China, 
prov. Gansu, dist. Piplan, M. P. Petrov s. n. 10 VI 
1957; E. japonicus Thunb.: “Crimea, Alupka, К. К. 
Кossinskiy s. n. 1911”; E. juzepczukii Leon.: “For-
est flora of Siwalik and Jaunsar Deobau divisions. 
Mohammed Yusuf R. 32. 25 V 1923”; E. lanceifo-
lius Loes.: “China, Western Szechuan, E. H. Wilson. 
06–11 VIII 1907–1909”; E. latifolius (L.) Mill.: 
“Crimea, Mangup, N. N. Tzvelev, D. B. Geltman, 
N. A. Medvedeva, G. A. Mustafina 692. 18 V 1984”;  
E. laxiflorus Champ. ex Benth. (E. paniculatus 
Wight ex Lawson): “Imperial Forest college, Deh-
ra Doon, Indu Bhushan Maitra B. Sc. Roll., № 1. 
IV 1924”; E. maackii Rupr.: “South-Usury distr.,  
N. V. Schipchinskaya 227. 15 VI 1913”; E. mac-
ropterus Rupr.: “Kaliningrad, Е. Pobedimova 52, 09 
V 1950”; E. maximomowiczianus Prokh.: “Kedro-
vaya pad reservation, V. N. Vasiliev, E. V. Volko-

va, L. I. Ivanina s. n. 5 VI 1950”; Е. melananthus 
Franch. et Sav.: “Japan, Oita, Naoiri-gun, Kuju-
machi, Мt. Kuro-dake, Shinya Masyda 101072, 27 
V 1989”; E. miniatus Tolm.: “Sachalin, Chechov, 
F. M. Chernyaeva s. n. 13 VI 1963”; E. moldavi-
cus Klokov: “Russia, Voronezh distr. 30 IV 1930”; 
E. myrianthus Hemsl.: “Сult. Royal Bot. Garden 
Kew, R. A. Blakelork. 11 V 1944”; E. nanus М. 
Bieb.: “Ukraine, Vinnica distr., s. n. 03 VI 1928”;  
E. nitidus Benth. (E. chinensis Lindl.): “Hohg 
Kong, Shin Ying Hu 5222. 04 V 1968”; Е. obova-
tus Nutt.: “Michigan (U.S.A.), Frere Rolland – Ger-
man № 6443. 17 V 1956”; E. оccidentalis Nutt. ex 
Torr. “Washington, Richard R. Halse 4040. 21 VI 
1990”; Е. oxyphyllus Miq.: “Sapporo, S. Galeenobii 
2567. VI 1882”; E. patens Rehder: “Log. Kiang-si, 
Lu-shan. VIII 1934”; E. pauciflorus Maxim.: “Rus-
sia, Vladivostok, E. Pobedimova, G. Konovalov 
70. 05 VI 1959”; E. phellomanus Loes.: “Сhina, 
Sothwestern Kansu, J. F. Rock 12822. VII 1925”; 
E. pendulus Wall.: “Western Himalaya, prov. Simla, 
№ 486, 20 V 1856”; E. planipes Koehne: “Sakha-
lin, South-Sakhalin reservation, S. Kravchenko s. n. 
22 VI 1950”; E. porphyreus Loes.: “Сhina, West-
ern Szechuan, E. H. Wilson 968. 06 VIII 1908”;  
E. przewalskii Maxim.: “South-western Kansu, J. F. 
Rock s. n. VII 1925”; E. sachalinensis (F. Schmidt) 
Maxim.: “South Sachalin, M. G. Popov, K. D. Ste-
panova s. n. 16 VI 1950”; E. sacrosanctus Koidz: 
“Primorsky region, Nikolsk, М. Fritz s. n. 1912”; 
E. salicifolius Loes.: “Сhina, Yunnan, № 11718а;  
E. sanguineus Loes.: “Western Hupeh, E. H. Wilson 
3111. 05 VII 1907–1909”; E. semenovii Regel et 
Herder: “Almaty, Flora Illiensis, 1886”; E. siebold-
ianus Blume: “Sachalin, s. n.”; E. subtriflorus 
Blume: “Japonia insula Jesso, circa Hakodate, Dr. 
Albrecht s. n. 1861–1863”; E. szechuanensis Chen 
H. Wang: “Сhina, Szechuan, Dr. Aug. Henry 5562, 
III 1889; E. theifolius Wall.: “Сhina, Yunnan, A. 
Henry 10544”; E. tingens Wall.: “Imperial Forest 
College, place of collection Deoban, Indu Bhusman 
Maitra B. Sc., № 19. V 1924”; E. velutinus Fisch. 
et С. А. Mey.: “Herb. Bunze, Riga, Albursgebing 
Talysh geb. 28 VIII 1847”; E. verrucosus Scop.: 
“Baschkortostan, Ufa, B. A. Fedchenko, 19. 15 VI 
1926”; E. vidalii Franch. et Sav.: “Japan, Yokohama, 
Maximowicz 1221. 06–18 V 1862”; E. yakushi-
mensis Makino: “Japan, Kagoshima, T. Yahara, S. 
Akiyama s. n. 14 VII 1987”; E. yedoensis Koehne 
var. koehneana Loes.: “Сhina, western Hupeh,  
E. H. Wilson 353, 06–10 VII 1907–1909”; E. ye-
soensis Koidz.: “Kuril isl., Schikotan, Е. Pobedi-
mova, G. Konovalov 701. 11 VII 1959”.
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Pollen was acetolysed according to G. Erdtman 
(1952). Unstained grains were mounted in glycerin 
jelly and were sealed with paraffin. LM studies were 
conducted in the laboratory of palynology in BIN 
RAS. Pollen grains have been studied with SEM 
JEOL JSM-6390 (SEM) and with an LSM 780 
(CLSM) at the Core Centrum ‘Cell and Molecular 
Technologies in Plant Science’ in BIN RAS. CLSM 
investigation was after O. Gavrilova (2014). The 
palynological terminology follows W. Punt et al. 
(2007) and M. Hesse et al. (2009).

Results
Pollen grains of all investigated species are 

3-colporate, medium sized, from 17 to 41 µm in 
diameter, with tectate or semitectate, columellate 
exine, perforate or reticulate types of ornamentation. 

Morphological and morphometrical pollen 
characteristics are presented in Tables 1 and 2. The 
species are presented according to subgenera and 
sections of J.-S. Ma (2001) system, the species, 
recognized in that system, are in bold, the other 
names are listed as synonyms.

General pollen morphology: the form and 
sizes. Pollen of all species is radially symmetric, 
from prolate or prolate spheroidal to oblate or oblate 
spheroidal (Fig. 1, 4). Grains in polar view are 
from 3-4-lobate (Fig. 1: 1, 6; Fig. 4: 8, 11, 12, 15) 
to circular (Fig. 1: 2, 5). Only pollen of 4 species 
E. gibber, E. japonicus, E. laxiflorus, E. nitidus are 
3-angular (Fig. 1: 3, 4; Fig. 4: 1) in polar view. Pollen 
equatorial view are round or elliptic. Polar axis and 
equatorial diameter varies from 17 to 41 µm.

Table 1
Morphological and morphometrical characteristics of pollen grains of species from the subgenus 

Euonymus of genus Euonymus (Celastraceae)

Species

Pollen size (polar 
axis x equatorial 

axis, µm) and 
pollen grains form

The number of 
colpi, their features, 

% of deviated 
grains 

Endoapertures – 
Ora, their features 
and diameter, µm

Ornamentation, 
their features, 

lumina, µm, (width 
of muri, µm) 

exine 
thickness, 

µm 

2. Echinococcus
E. acanthocarpus 33–36 × 28–30

oblate spheroidal 
3–(4)–(6)–(1), 
syncolpi, 5 % 

round, H–shaped, 
5–6

reticulate, 
heterobronchate, 
0.2 and 0.5–1.4 

(0.4)

3.4–3.6

E. actinocarpus 27–29 × 25–27 
oblate spheroidal

3 round or 
quadrangular, H–

shaped, 5

reticulate, 
heterobronchate, 

0.3 and 0.4–0.6 to 
1.2 (0.4)

3.0–3.5

E. americanus 30–31 × 27–31 
prolate spheroidal 

to oblate spheroidal 

3 not clear, H–
shaped, 3

reticulate–
perforate, 0.2–1.2 

(0.7–1.1)

2,4– 3,2

E. echinatus 27–32 × 25–35(40) 
oblate spheroidal 

3–(4)–(6), 
11 % 

not clear, 3 reticulate, 0.8 up to 
1.7 (0.2–0.3)

2.3–3.6 

Е. obovatus 25–30 × 25–29
oblate spheroidal 

3 round, 4 reticulate, 
heterobronchate, 

0.1–0.5 and 0.7–1.5 
(0.2) 

3.5–3.8

3. Melanocarya
E. alatus 31–35 × 26–30 

prolate spheroidal 
to oblate spheroidal 

3 not clear, 3–4 reticulate, 1–3 
(0.5–0.7)

3.5–4.4

E. pendulus 28–30 × 26–30
oblate spheroidal 

3–(2)–(1),
7 %

round, H–shaped, 
5–6 

reticulate, 
heterobronchate, 

0.2–0.5 and 0.6–1.2 
(0.3) 

2.7–3.0

E. sacrosanctus 31–35 × 27–30 
prolate spheroidal 

3–(4)–(6), 
20 %

round, not clear, 
3–4

reticulate, 0.8 up to 
2.0 (0.4)

3.0–4.5

E. subtriflorus 22–30 × 20–25 
prolate spheroidal 

to oblate spheroidal 

3 round or oval, not 
clear, 5–6

reticulate, 1.0 up to 
2.5 (0.3) 

2.5–3.1

4. Ilicifolia
E. benthamii 28–33 × (25)28–30 

oblate spheroidal 
3 round, not clear, 

5–6
reticulate, 0.4–1.2 

(0.5)
2.7– 3.7
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Species

Pollen size (polar 
axis x equatorial 

axis, µm) and 
pollen grains form

The number of 
colpi, their features, 

% of deviated 
grains 

Endoapertures – 
Ora, their features 
and diameter, µm

Ornamentation, 
their features, 

lumina, µm, (width 
of muri, µm) 

exine 
thickness, 

µm 

E. hederacea 25–28 × 25–27
oblate spheroidal 

3 equatorial elon–
gated, H–shaped, 
not clear, small–

sized, 1–2

reticulate, 
heterobronchate, 

0.5–0.9 up to 
1.3 and 0.1–0.2 

(0.4–0.5)

2.3–2.6

E. japonicus 22–25 × 20–24 
prolate spheroidal 

to oblate spheroidal 

3–(2), 1 % round, small–sized, 
H–shaped, 2

reticulate–
perforate, 0,1 up to 

1.0 (0,3 up to 1)

2.0–3.5

E. рatens 29–30 × 29–32 
oblate spheroidal 

3 H–shaped, not 
clear, small–sized, 

1

reticulate, 
heterobronchate, 

0.1–0.2 and 0.6–1.0 
(0.3) 

3.0–3.4

E. theifolius 26–28 × 25–28 
prolate spheroidal 

3–(4), W–shaped 
colpi, 10 % 

H–shaped, not 
clear, round, 3

reticulate, 
heterobronchate, 
0.1 and 0.5–1.3 

(0,3) 

2.0– 2.8

E. yakushimensis 30–35 × 27–33,5 
prolate spheroidal 

to oblate spheroidal 

3 H–shaped, round, 
5–6

reticulate–
perforate, 0.25 up 
to 1.2 (0.3 up to 

1.0) 

3.2

5. Euonymus
E. artropurpureus 24–25 × 22–25 

oblate spheroidal 
3 round, H–shaped, 

2–5
reticulate, 0.7 up to 

3.0 (0.4–0.5)
2.2–2.7

E. bungeanus 29–31 × 27–28
oblate spheroidal 

3 round, 4–5, H–
shaped 

reticulate, 
heterobronchate, 

0.7–2.1 and 0.2–0.3 
(0.4)

3.0–3.5

E. czernjaevii 24–27 × 23–26 
prolate spheroidal 

to oblate spheroidal 

3 not clear, 3 reticulate, 
heterobronchate, 

0.1–0.2 up to 0.3–
1.0 (0.3) 

2.2– 2.5

E. dichotomus 24–27 × 23–25 
prolate spheroidal 

to oblate spheroidal 

3 round, small–sized, 
1.5

(micro)reticulate, 
0.1–0.3 (0.5) 

2.3– 3.0

E. europaeus 28–30 × 26–30 
prolate spheroidal 

to oblate spheroidal 

3 round, not clear, 3 reticulate, hetero–
bronchate, 0.8 up 
to 1.8 and 0.2–0.5 

(0.5)

2.3–2.9

E. gibber 24–29 × 25–30 
oblate spheroidal 

3 equatorial 
elongated, 5–7

reticulate, hetero–
bronchate, 0.2 up to 

1.3 (0.4–0.8) 

2.3

E. glaber 21–29 × 20–26 
prolate spheroidal 

to oblate spheroidal 

3 not clear, small–
sized, 1

reticulate–
perforate, 0.1 up to 

0.8 (0.4) 

1.4–2.0

E. grandiflorus 34–38 × 32–35 
prolate spheroidal 

to oblate spheroidal 

3–(4)–(6), 50 % H–shaped, small–
sized, not clear, 1–2

reticulate, 0.6–0.7 
tо 1.7 (0.4) 

3.5–3.7

E. hamiltonianus 28–30 × 25–29 
prolate spheroidal 

to oblate spheroidal 

3–(2), 2 % round or equatorial 
alongated, not 
clear, 3–4, Н– 

shaped

reticulate, 1.0 up 
to 2.2 and 0.2–0.5 

(0.2)

2.4–3.5

E. integerrimus 30–34 × 30–37 
oblate to oblate 

spheroidal 

3–(4)–(6), 1 % not clear, small–
sized, 1–2

reticulate, 0.4–0.8 
up to 1.3 (0.5)

3.4–3.5

E. juzepczukii 25–28 × 23–28 
prolate spheroidal 

to oblate spheroidal 

3 round, 4 reticulate, 1.0–1.5 
(0.2)

2.0

Continuation of table 1
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Species

Pollen size (polar 
axis x equatorial 

axis, µm) and 
pollen grains form

The number of 
colpi, their features, 

% of deviated 
grains 

Endoapertures – 
Ora, their features 
and diameter, µm

Ornamentation, 
their features, 

lumina, µm, (width 
of muri, µm) 

exine 
thickness, 

µm 

E. lanceifolius 29–32 × 27–28 
prolate spheroidal

3 not clear, 2 reticulate, 0.6–1.2 
up to 2.0 (0.3) 

3.5–4.0

E. laxiflorus 23–26 × 26–29
oblate spheroidal 

3–(1)–(2), 
11 %

round, clear, 3 reticulate, 0.1–0.7 
up to 1.5 (0.6–0.7)

2.0

E. maackii 28–30 × 25–31 
oblate spheroidal 

3 H–shaped, round, 
4–6

reticulate, 
heterobronchate, 

0.2–0.3 and 0.6–2.0 
(0.3)

2.7–3.1

Е. melananthus 33–35 × 29–33
 oblate spheroidal 

3 round, not clear, 
3–4

reticulate, (0.6) 
1.0–2.0 up to 27 

(0.3) 

3.5–4.0

E. moldavicus 27–29 × 25–27 
oblate spheroidal 

3 round, 3 reticulate, 0.5 up to 
1.0 (0.4–0.5)

2.5–3.1

E. myrianthus 21–23 × 22–25
oblate spheroidal 

3 small–sized, not 
clear, 1–2

perforate, 0.2–0.5 
(0.2–0.9)

1.8–2.0

E. nanus 21–25 × 20–23 
prolate spheroidal 

to oblate spheroidal 

3 round, oval, 3–4 reticulate, 
heterobronchate, 

0.1–0.2 and 0.3–1.0 
(0.5) 

3.9–4.8

E. nitidus 17–20 × 18–22 
oblate spheroidal 

3 round, H–shaped, 
not clear, 2–3

perforate, 0.1–0.4. 
(0.3–0.8)

2.3

E. оccidentalis 31–35 × 31–40
oblate spheroidal 

3 not clear, round, H–
shaped, 3

reticulate, 0.5–1.2 
(0.2) 

3.2–4.0

E. pauciflorus 27–32 × 23–29 
prolate spheroidal 

to oblate spheroidal 

3–(4)–(6), W–
shaped, 20 %

round, not clear, 
3–4

reticulate, 0.5 up to 
2.0 (0.3) 

2.2–4.0

E. phellomanus 32–35 × 28–32
oblate spheroidal 

3 round, not clear, 
4–5

reticulate, 
heterobronchate, 
0.5–0.8 up to 2.0 

(0.3) 

3.0–4.0

E. przewalskii 27–30 × 25–28 
oblate spheroidal 

3 round, H–shaped, 
4–5

reticulate, 
heterobronchate, 

0.2–0.3 and 0.4–1.2 
(0.4)

2.9–3.3

E. salicifolius 24–30 × 28–32 
oblate to oblate 

spheroidal 

3 round, H–shaped, 
2–4

reticulate, 
heterobronchate, 

0.1–0.2 and 0.5–1.5 
(0.5) 

2.0 – 2.7

E. semenovii 25–28 × 22–27 
prolate spheroidal 

to oblate spheroidal 

3 oval, equatorial 
elongated, 4

reticulate, 
heterobronchate, 

0.2–0.3 and 0.5–1.5 
(0.2)

2.0–3.8

E. sieboldianus 30–34 × 29–31 
prolate spheroidal 

to oblate spheroidal 

3–4–(6), 2 % round, equatorial 
elongated, 5

reticulate, 0.5 up to 
2.2. (0.4)

2.2–3.0

E. tingens 27–31 × 28–31 
oblate spheroidal 

3–(4), 9 % equatorial 
elongated, not 

clear, 4–6

reticulate, hetero–
bronchate, 0.2 and 
0.5–1.4 (0.6–0.7)

2.3

E. velutinus 25–35 × 22–33 
prolate spheroidal 

to oblate spheroidal 

3 round, clear, 3–4 reticulate, 1.0–1.8 
(0.2)

2.0–3.8

E. verrucosus 27–29 × 25–30 
prolate spheroidal 

to oblate spheroidal 

3 round, H–shaped, 
3–4 

reticulate, 0.5–1.5 
(0.4)

3.0

Continuation of table 1
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Species

Pollen size (polar 
axis x equatorial 

axis, µm) and 
pollen grains form

The number of 
colpi, their features, 

% of deviated 
grains 

Endoapertures – 
Ora, their features 
and diameter, µm

Ornamentation, 
their features, 

lumina, µm, (width 
of muri, µm) 

exine 
thickness, 

µm 

E. vidalii 30–35 × 27–33
oblate spheroidal 

3 round, 5 reticulate–
perforate, 1.0–1.8 
up to 2.5 (0.5–1.3)

3.2

E. yedoensis var. 
koehneana 

32–38 × 32–35 
oblate spheroidal 

3 not clear, equatorial 
alongated, 4–7

reticulate, 
heterobronchate, 

0.2–0.3 and 0.4–1.6 
(0.3–0.7)

4.2

End of table 1

Table 2
Morphological and morphometrical characteristics of pollen grains of species from the subgenus 

Kalonymus of genus Euonymus (Celastraceae)

Species
Pollen size (polar axis x 
equatorial axis, µm) and 

pollen grains form

The number 
of colpi, % 
of deviated 

grains 

Endoapertures – Ora, 
their features and 

diameter, µm

Ornamentation, their 
features, lumina, µm 
(width of muri, µm) 

exine 
thickness, 

µm 

E. cornutus 29–32 × 27–30 
oblate spheroidal 3–(2), 1 %

Round or 
quadrangular, H–

shaped, 2–4

reticulate, 
heterobronchate, 0.7–
1.7 and 0.3–0.4 (0.4)

3.4–3.5

E. dasydictyon 31–37 × 25–31 
oblate spheroidal 3 not clear, small–sized, 

2 
reticulate, 0.7–1.5 up 

to 1.8. (0.4) 3.4–4.0

E. elegantissimus 35–37 × 33–37
oblate spheroidal 3 not clear, 3 reticulate, 0.5–0.9 up 

to 2.0 (0.5) 3.5–4.0

E. fimbricatus 25–30 × 23–30 prolate 
spheroidal to oblate 

spheroidal 
3–(2), ≤ 1 % not clear, round, 

small–sized, 2
reticulate, 0.5 up to 

2.0. (0.3) 2.0–3,2

E. frigidus 23–24 × 23–25 oblate to 
oblate spheroidal 3 not clear, small–sized, 

1 
verrucate–reticulate, 

non–mesurable 1.8–2.1

E. latifolius 38–41 × 30–41 prolate 
spheroidal to oblate 

spheroidal 

3–(4)–(6), 
39 %: round, not clear, 5

reticulate, 
heterobronchate, 0.5 up 
to 3 and 0.2–0.3. (0.5)

4.3–5.7

E. macropterus 32–34 × 30–35 prolate 
spheroidal to oblate 

spheroidal 
3 round not clear, 2–3, 

H–shaped

reticulate, hetero–
bronchate, 1.2 up to 2.7 

and 0.3 (0.5–0.7)
2.0–3.1

E. maximomo- 
wiczianus

30–32 × 25–30 prolate 
spheroidal to oblate 

spheroidal 
3–(4), ≤ 1 % not clear, small–sized, 

1
reticulate, 0.5 up to 2.0 

(0.2) 3.9–4.8

E. miniatus 30–37 × 31–38 oblate 
spheroidal 3 round, not clear, 3 reticulate, 1.0 up to 3.0 

(0.4–0.5) 3.0–4.0

Е. oxyphyllus 31–38 × 29–37 oblate 
spheroidal 3 not clear, round, 5 reticulate, 1.0–2.5. 

(0.2) 3.9–5.1.

E. planipes 31–35 × 29–32 prolate 
spheroidal to oblate 

spheroidal 

3–(2)–(1), 
4 %

not clear, oval or 
round, 3

reticulate, 
heterobronchate, 1.0–

2.0. (0.2) 
2.5–4.8

E. porphyreus 31–34 × 30–33 prolate 
spheroidal to oblate 

spheroidal 
3 not clear, 5–6

reticulate, 
heterobronchate, 0.6–

1.2 up to 2.3
4.0–4.3

E. sachalinensis 31–35 × 31–33 oblate 
spheroidal 3 round, not clear, 3 reticulate, 1.0 up to 3.0 

(0.6) 3.0–4.3

E. sanguineus 31–33 × 27–35 prolate 
spheroidal to oblate 

spheroidal 
3–(2), 4 % round or equatorial 

elongated, not clear, 4
reticulate, 0.5 up to 2.0 

(0.3–0.4) 2.0–2.7

E. szechuanensis 30–32 × 25–31 oblate 
spheroidal 3 round or equatorial 

elongated, 5
reticulate, 0.8 up to 2.0 

(0.4–0.5) 3.0–4.5

E. yesoensis 30–32 × 29–34 prolate 
spheroidal to oblate 

spheroidal 
3–(2), 1.5 % H–shaped, round, 5 reticulate–perforate, 

0.2–1.5 (0.5–0.9) 1.5–1.8
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Apertures. All examined species have 
compound pollen apertures and its grains belong 
to 3-colporate apertural type. The colpi are long, 
often wide, with arrow-headed, pointed (Fig. 1, 
4), and colpi membranes are granulate, with small, 
round granules. The ends of colpi sometimes merge 
in apocolpium and syncolporate grains have been 
found (Fig. 1: 5).

The number of colpi varies, grains with different 
number and positions of ecto- and endoapertures have 
been revealed in some specimens. This phenomenon 
has been called pollen heteromorphism (Nadot el al., 

2000). We found 2-colporate or 1-syncolporate (Fig. 
3: 7, 8; Fig.4: 4, 5, 10) pollen, with W-like colpi 
band in pairs (Fig. 4: 13, 14), 4-colporate (Fig. 4: 
13, 14, 15), 3-colporate-3-rugate and 4-colporate-4-
rugate (Fig. 3: 1, 5, 6, 9; Fig. 4: 11, 12) pollen.

The application of CLSM and 3D-reconstruction 
of separate grains allows us to specify the disposition 
of ecto-and endoapertures in deviate pollen forms. 
The last two types of the deviations (3-colporate-
3-rugate and 4-colporate-4-rugate) have three or 
four meridonal colpi (or parts of colpi), starting in 
one grain pole, but do not reach the other; colpi join 

Fig. 1. Polar view and equatorial view of the pollen of Euonymus species (SEM): 1 – Е. melananthus; 2 – E. hedera-
ceus; 3 – E. gibber; 4 – E. japonicas; 5 – E. acanthocarpus; 6 – E. vidalii. Scale bar – 5 µm.
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together near the other pole by three or four rugas, 
which are perpendicular to colpi. The ora (3 or 4 
respectively) are placed in the center of colpi. The 
percentage of deviant forms can be in amounts of 
up to 50 % of grains in various Euonymus species.

Nearly one half of species from the subgenus 
Kalonymus (7 from 16) and near a fourth (quarter) 
of species from the subgenus Euonymus (13 
from 47) show the occurrence of atypical pollen 
forms. The sections Echinococcus, Melanocarya, 
Ilicifolia demonstrate many species with pollen 
heteromorphism, but, in the section Euonymus, it 

has been found that only 6 specimens have deviated 
pollen grains from 31 investigated species. 

Among the representatives of the subgenus 
Kalonymus 1–2-colporate deviated pollen forms 
are more common (5 species), and 4–6-apertural 
grains appear rarely (2 species). The representatives 
of subgenus Euonymus often have 4-colporate 
or 3-colporate-3-rugate and 4-colporate-4-rugate 
atypical grains (7 species), and rarely have 
1–2-colporate (5 species), E. acanthocarpus has all 
types of deviant forms. The percentage of deviant 
pollen grains among the representatives of the genus 

Fig. 2. Pollen ornamentation (1–3, 7–12) and sporoderm cleavage (4–6) of Euonymus species (SEM): 1, 4 – E. por-
phyreus; 2, 5 – E. acanthocarpus; 3, 6 – E. americanus; 7 – E. phellomanus; 8 – E. laxiflorus; 9 – E. glaber; 10 –  
E. pendulus; 11 – E. nanus; 12 – E. nitidus. Scale bar – 1 µm.
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Euonymus varies from individual pollen grains up to 
11 % into specimen, but the percentage of atypical 
grains in E. sacrosanctus and E. pauciflorus reaches 
20 %, E. latifolius has 39 % and E. grandiflorus 
possess 50 % of deviated pollen forms.

Endoapertures have been revealed and are seen 
as obscure, not clear circumscribed, slightly out-
lined (Fig. 5: 11, 12), with the diameter no more than 
colpi wideness or up to clear, round, oval, oblong 
or quadrangular (Fig. 5: 5, 6), extending along the 
equator, which are sometimes significantly exceed 
the colpi width and pointed at the ends (Fig. 5: 8, 9). 

H-shaped apertures formed by ora and exine 
thinning side by side to colpi (Fig. 4: 6, 9; Fig. 5) 
appear in pollen of many Euonymus species. CLSM 

optical sections confirmed the exine thinning are on 
two sides of the colpi (Fig. 5: 4, 7, 10), which are 
visible in transmitted light (Fig. 4: 6, 9; Fig. 5: 5, 8, 
11). This thinning sometimes is a little longer than 
the colpi length, but in some cases, they are side by 
side to the entire colpus and connect to each other 
on the pole, which are shown at SEM micrographs 
(Fig. 5: 1 3). The most distinct H-shaped ora are de-
tected in the pollen of 1/3 part of the species from 
the subgenus Euonymus (16 of 47) and only of 2 
species from the subgenus Kalonymus. 

Ornamentation. Under a light microscope the 
pollen sculpture is usually reticulate, lumina specif-
ic by different sizes and shapes. Texture varies from 
pointed to reticulate (Fig. 4).

Fig. 3. General view and virtual sections through sporoderm of the pollen of Euonymus species (1–4 – CLSM, 5–9 –  
SEM): 1–5 – E. latifolius; 6 – E. pauciflorus; 7 – E. pendulus; 8 – E. laxiflorus; 9 – E. echinatus. Scale bar – 5 µm.
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Fig. 4. Polar view (1–5, 8, 11, 12, 15) and equatorial view (6, 7, 9, 10, 13, 14) of the pollen of Euonymus species (LM): 
1–7 – E. laxiflorus; 8–10 – E. pendulus; 11–12 – E. acanthocarpus; 13–15 – E. grandifloras. Scale bar – 10 µm.

By SEM (Fig. 2) we found reticulate (the lumina 
wider than 1 µm, sometimes with big-sized lumina 
wider than 2.0 µm) or microreticulate (the lumina 
and muri smaller than 1 µm), perforate (holes less 
than muri and less than 1µm in diameter – Pra-

glowski, Punt, (1973), Punt et al. (2007), Hesse et 
al., 2009) ornamentation. The brochus (mesh of a 
reticulum consisting of one lumen and the adjoining 
half of the muri – Erdtman (1952), Punt et al. (2007), 
Hesse et al. (2009)) vary in size and contour, and 
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Fig. 5. Sporoderm cleavage (1–3), virtual sections through sporoderm (4, 7, 10) and reconstructed grains (5, 6, 8, 9, 11, 
12) of the pollen of Euonymus species (1–3 – SEM, 4–12 – CLSM: 4, 7, 10 – optical sections; 5, 8, 11, 12 – transmis-
sional mode; 6, 9 – surface mode): 1 – E. macropterus; 2 – E. cornutus; 3, 11 – E. theifolius; 4 – E. europaeus; 5, 6 –  
E. latifolius; 7 – E. patens; 8, 9 – E. szechuanensis; 10 – E. echinatus; 12 – E. glaber. Scale bar – 5 µm.
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Fig. 6. Pollen general view (1, 4, 7–9), pollen ornamentation (2, 3, 5, 6, 10) sporoderm cleavage (11, 12) of Euony-
mus species (SEM) 1, 2 – E. obovatus; 3 – E. americanus; 4, 5 – E. yesoensis; 6 – E. oxyphyllus; 7, 10 – E. miniatus;  
8, 11 – E. planipes; 9, 12 – E. sachalinensis. Scale bar – 5 µm (1, 4, 7–9), 1 µm (2, 3, 5, 6, 10. 11, 12).

there are heterobronchate surfaces with lumina at 
different sizes (Fig. 2: 3, 11). The lumina has round, 
angular, elongated or oblong, rarely oval or irregular 
outline, its sizes range from smaller than 0.1 µm up 
to 3.5 µm in diameter. The width of muri is 0.2–0.8 
µm, and rarely riches up to 1.3 µm. The distance 
between the perforations is usually 0.2–0.9 µm. The 
muri are smooth, direct, rare flexuose or ridge like. 
The columellae and the bottom of the mesh are vis-
ible sometimes, free standing columellae are found 
sometimes (Fig. 2: 1, 2, 7, 10). Along the colpi the 
size of lumina decreases, sometimes near the colpi 

surface it becomes perforated, only in some species 
(E. benthamii, E. dichotomus, E. frigidus, E. myri-
anthus, E. nitidus, Е. obovatus, E. occidentalis, E. 
planipes, E. salicifoliaus, E. yakushimensis) the 
mesh reduction is not revealed. On apocolpium the 
lumina is usually less or equal to mesocolpium lu-
mina size; on the other hand, only the species E. gla-
ber, E. yedoensis var. koehneana and E. vidalii (Fig. 
1: 6) showed an increase in the size of lumina on 
apocolpium compared with mesosolpium.

Exine. The exine is semitectate or tectate, col-
umellate, from 1.5 to 5.1 µm in thickness (Fig. 2: 
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4–6; Fig. 3: 2, 3; Fig. 5: 1–5, 7, 8, 10–12; Fig. 6: 
11, 12). The exine in the center of mesocolpium or/
and apocolpium is usually thickened by columellae 
elongation. The columellae are clear, smooth, and 
often long, the distance between them (each to the 
other) is equal or slightly smaller than their thick-
ness. The tectum and the foot layer (with endexine) 
are usually not thick, but approximately equal each 
other in thickness. The thickest exine layer is colu-
mellaete infratectum, as it is often more than twice 
(rarely the same thickness) of the tectum or foot 
layer wideness. CLSM data show the same distribu-
tion of the extexine layers, whereas the border of the 
endexine and the foot layer is not visible with SEM 
and CLSM.

Discussion

Palynomorphological features

According to palynomorphological data the 
genus Euonymus as the other genera of the fam-
ily Celastraceae, is quite homogeneous. The pollen 
is represented by 3-colporate type with reticulate 
variations of surface ornamentation (Lobreau, 1969; 
Perveen, Qaiser, 2008). The pollen morphology of 
all studied species is very uniform, all the character-
istics studied have a small range of variability. How-
ever, morphological features of some species have 
been revealed both in the structure of apertures and 
in exine ornamentation.

We observed parallel to the colpi exine thinning 
by LM. Similar thinnings have been found in other 
angiosperm families, such as Crassulaceae, Ara-
liaceae, Linaceae, by our unpublished data. CLSM 
studies confirmed both sides have exine thinnings 
parallel to the colpus, which in the combination with 
ora, looks like H-shaped endoaperture (Fig. 4: 6, 9; 
Fig. 5). The TEM investigation of Celastraceae spo-
roderm was conducted by D. Lobreau-Callen and B. 
Lugardon (1972–1973) on an example of the exine 
of both acetolized and non-acetolized grains of E. 
europaeus, E. japonicus and Celastrus orbiculatus. 
The endexine structure has been illustrated, and the 
authors showed that thinning parallel to the colpi is 
formed in endexine.

Variations in the number and arrangement of ap-
ertures were found in several specimens. This article 
provides a quantitative content of atypical pollen 
grains in the studied specimens. The deviant pollen 
forms are widely distributed in flowering plant taxa. 
It has been found that, as in many flowering plant 
taxa, pollen forms with different aperture arrange-

ment may be arranged in continuous regular series 
(Pozhidaev, 2009), in which, from form to form, the 
aperture position changes smoothly and continuous-
ly to follow a regular geometric pattern, that dem-
onstrates non-specificity at a high taxonomic level 
(families, orders and subclass of dicotyledons and 
above; compare Fig. 4 of this article and figures in 
the paper of A. Pozhidaev (2009)). I. Dajoz et al. 
(1991, 1993) showed that 3-aperturate and 4-aper-
turate pollen grain of heteromorphic species Viola 
diversifolia differ by germination and longevity. 
In Viola calcarata the ratio of pollen with four and 
five apertures is variable according to altitude (Till-
Bottraud et al., 1999). The authors (Till-Bottraud 
et al., 2001) supposed pollen heteromorphism to 
be an evolutionarily stable strategy. C. Prieu et al. 
(2016) have investigated the connection between 
aperture patterns and harmomegathy in the pollen 
of wild type and three Arabidopsis thaliana mu-
tants with zero, four, or a mix of four to eight aper-
tures, and have suggested that “pollen grains with 
few apertures survive better than pollen with many 
apertures”. A. Mignot et al. (1994), S. Nadot et al. 
(2000), R. Humphrey (2016) and our unpublish data 
show that some angiosperm taxa have deviated pol-
len forms, but the others have only typical pollen 
grains.

The most common type of ornamentation of the 
Euonymus pollen is reticulate, a few parts of the spe-
cies have microreticulate or perforate pollen surface 
or sometimes we found heterobrochate surfaces 
(Fig. 2).

We can’t group species by pollen characteristics, 
because we found many intermediate types such as 
in pollen size or in endoaperture or surface structure. 
Endoapertures differ by size from gross, clear up to 
small, unclear; exine thinning side by side to colpi 
are found from observable to poor distinguishable; 
the ornamentation varies by lumina and muri sizes.

The most characteristic features of different spe-
cies which help us to tell the difference between 
species by pollen grains are size and form of endo-
apertures and pollen ornamentation. These provide 
an opportunity to use palynomorphological data in 
pollen-spore analysis and clarify some taxonomical 
questions.

Pollen morphology for systematics

The genus is divided into two subgenera (Eu-
onymus and Kalonymus) and from 4 to 12 sections. 
Subgenus Kalonymus is recognized the most recent 
group of Euonymus. There is no pollen with H-like 
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ora (except 2 species) and there are significantly 
more common species with deviated pollen forms 
in this subgenus.

J.-S. Ma (2001) has realized the last world re-
vision of the genus and has reduced the number of 
sections up to 4 in the subgenus Euonymus and has 
not find divisions within the subgenus Kalonymus. 
The number of species was reduced to 129, as more 
than 50 species were considered as synonymous.

After J.-S. Ма (2001) the subgenus Kalonymus 
includes 16 species. These species are classified into 
Kalonymus by other authors (Blakelock, 1951; Le-
onova, 1974; Tzvelev, 2004; Savinov, Baikov, 2007) 
too. We have studied the pollen of 16 species from 
the subgenus, but J. S. Ma (2001) names some of 
them as synonymous of these investigated speci-
mens (E. dasydictyon, E. miniatus, E. planipes, E. 
porphyreus, E. yesoensis). E. maximowiczianus is 
not noted in this system (only Kalonymus maximo-
wicziana Prokh. as synonym of E. sachalinensis). 

J.-S. Ma (2001) considers E. dasydictyon и E. 
porphyreus as synonymous of E. frigidus, as the 
first two taxa belong to different series of T. Leono-
va systems (1974), and the third taxon refers to the 
other section by T. Leonova (1974) and R. A. Blake-
lock (1951). Pollen of E. dasydictyon and E. por-
phyreus is very similar, but grains of E. porphyreus 
have larger ora and smaller lumina in the surface 
ornamentation. Grains of E. frigidus are smaller in 
size, mainly oblate, verrucate-reticulate ornamenta-
tion, which is a unique type in the genus, and the 
exine is more than twice thin. Palynomorprological 
data confirms the separation of this species. Molecu-
lar data (Li et al., 2014) also contradicts the associa-
tion of E. porphyreus and E. frigidus in one species.

E. yesoensis is referred to synonyms for E. oxy-
phyllus, which is consistent with R. A. Blakelock’s 
(1951) and T. Leonova’s (1974) systems, and is not 
comport with palynological data. Pollen of these 
species has different ornamentation – reticulate with 
lumina from 3.0 µm in E. oxyphyllus and reticulate-
perforate in E. yesoensis (Fig. 6: 4–6).

E. miniatus and E. planipes are synonymous of 
E. sachalinensis (Fig. 6: 7–12). Pollen grains of 
these taxa do not differ. Pollen morphology has al-
lowed these taxa to combine in one species.

R. A. Blakelock (1951) and T. Leonova (1974) 
classified E. yakushimensis in the subgenus Kal-
onymus, but J.-S. Ma (2001) included this species 
in the subgenus Euonymus (section 4 Ilicifolia). 
According to the palynological characteristics this 
species is like to representative of section Ilicifolia: 
E. yakushimensis grains have distinctive H-shaped 

aperture and reticulate-perforate surface; but the 
species of the subgenus Kalonymus have a very rare 
H-shaped ora, and the surface is mainly reticulate 
with the lumina more than 2 µm.

In general, the pollen of most studied species of 
the subgenus Kalonymus can be attributed to one 
group of pollen grains with reticulate often with a 
big size of lumina sculpture and a clearer ora. Pol-
len of E. frigidus and E. yesoensis, discussed above, 
as well as pollen of E. cornutus, with distinctive 
H-shaped aperture (Fig. 5: 2), are segregated from 
this group. It is impossible to separate the subgenus 
species by pollen features series, which were estab-
lished in T. Leonova (1974) and I. Savinov, K. Bai-
kov (2007) systems. Although recent studies (Sim-
mons et al., 2012; Li et al., 2014; Sidorov, Trusov, 
2015; Sidorov et al., 2014) confirmed the isolation 
of the subgenus, the main group of Kalonymus pol-
len may also include pollen of a large number of 
species of another subgenus.

J.-S. Ma (2001) divided the subgenus Euony-
mus into 4 sections. The section Echinococcus is 
represented by 18 species. We studied the pollen of 
5 specimens of this section, including E. obovatus 
that J.-S. Ma (2001) recognized as synonyms of E. 
americanus. Pollen of these species differs both in 
structure/size of ora and thickness of muri, so E. 
obovatus has a reticulate exine surface with nar-
row muri, but E. americanus has a reticulate-per-
forate ornamentation with rather thick muri (on the 
verge of a perforated) (Fig. 6: 1–3). R. A. Blakelock 
(1951), T. Leonova (1974) and I. Savinov, K. Bai-
kov (2007) splitted this section into two series, what 
have not agreed with the research of Y-Ch. Zheng et 
al. (2012). Neither the complexity of palynological 
features, none any one of the regular features (size, 
structure apertures, exine structure, surface type) 
have not confirmed the division of the section Echi-
nococcus into the series, as well as the isolation of 
this section within the genus and the affinity to the 
subgenus Kalonymus, that has been affirmed by re-
cent molecular studies (Li et al., 2014).

The Melanocarya section consists of 11 spe-
cies. Four of the studied pollen samples belong to 
2 species by J.-S. Ma (2001), E. sacrosanctus and 
E. subtriflorus referred to synonyms of E. alatus. T. 
Leonova (1974) believed that E. subtriflorus is syn-
onymous with E. alatus. Although pollen of E. sub-
triflorus is a little smaller sized, the differences of 
pollen grains among these three taxa are inconsid-
erable, it is permissible to recognize their associa-
tion, the similarity of E. sacrosanctus and E. alatus 
as confirmed by R. Sidorov, N. Trusov (2015). The 
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fourth our specimen of the section – E. pendulus 
(Fig. 2: 10; Fig. 3: 7; Fig. 4: 8–10) is described by 
J.-S. Ma (2001) as synonym of E. lucidum D. Don; 
we have not studied E. lucidum and have not made a 
comparison with synonym. E. salicifolius (= E. law-
sonii var. salicilolius) is included in Melanocarya 
section by R. A. Blakelock (1951) and in Euony-
mus section by J.-S. Ma (2001). A distinctive set of 
features of pollen of this species was not detected, 
the pollen grains are medium-sized 24–32 µm in 
diameter, with heterobronchate surface and well-
expressed H-liked apertures. The above-described 
pollen grains also are found in E. pendulus (section 
Melanocarya) and in part of the representatives of 
the Euonymus section.

The Ilicifolia section includes 20 species. We in-
vestigated 6 pollen samples. E. patens (Fig. 5: 7) is 
synonymous with E. hederaceus, and it is confirmed 
by palynomorphological data. Pollen of Ilicifolia 
species has well-expressed, H-shaped apertures (ex-
cept E. benthamii), perforate or reticulate-perforate 
(diameter of lumina less than 1.3 µm), and often 
heterobronchate exine surfaces. The section is con-
sidered close to the primitive form. I. Savinov, K. 
Baikov (2007) discussed the possibility of Ilicifo-
lia location as a separate subgenus. R. Sidorov, N. 
Trusov (2015) believed that this allocation is accept-
able, as they found that the ratio of the LCD-com-
position lipid seeds and aril of E. japonicus differs 
from those characteristics of the other species of the 
genus. However, this study comprises of only one 
species from the section and the pollen of E. japoni-
cus, which has the rare feature – 3-angular outline 
in polar view and is distinct in the complex of paly-
nomorphological characteristics. The pollen of the 
other species of the section is more typical for the 
genus. 

Euonymus is the largest section of the subgenus 
Euonymus; it includes 64 species, about a half of 
the genera species according to J.-S. Ma (2001). We 
have investigated 31 pollen specimens from this 
section, 12 samples (E. czernjaevii, E. moldavicus, 
E. velutinus, E. bungeanus, E. integerrimus, E. lan-
ceifolius, E. pauciflorus, E. juzepczukii, E. siebold-
ianus, E. vidalii, E. yedoensis var. koehneana, E. 
przewalskii) are reduced to synonyms by J.-S. Ma 
(2001).

All these investigated species, except E. salici-
folius and E. grandiflorus, belong to 4 series of the 
section Biloculares according to R. A. Blakelock 
(1951). Application of pollen data to taxonomy of E. 
salicifolius is discussed in a paragraph of the section 
Melanocarya. E. grandiflorus is a species of section 

Multiovulatus by R. A. Blakelock (1951), T. Leon-
ova (1974), I. Savinov, K. Baikov (2007). Pollen of 
E. grandiflorus (Fig. 4: 13–15) is characterized by 
quite large sizes, 32–37 µm in diameter.), reticulate 
surface, small-sized ora. In E. grandiflorus we have 
found the most number of deviated pollen grains (50 
%) in the genus. The division on section and series 
of systems of R. A. Blakelock (1951), T. Leonov 
(1974), and I. Savinov, K. Baikov (2007) on the ba-
sis of pollen data is not confirmed.

We noted that the most diverse and distinctive 
pollen features were found in the representatives 
series Myrianthi (section Biloculares). These char-
acteristics are the next: polar view of E. gibber,  
E. laxiflorus, E. nitidus grains is 3-angular (Fig. 1: 
4, Fig. 4: 1, 2), pollen of E. nitidus have minimal 
sizes 17–22 µm in diameter, pollen of E. dichoto-
mus and E. myriantus is small too, no more than 25 
µm in diameter; three representatives (E. dicho-
tomus, E. myriantus, E. nitidus) from all subgenus 
Euonymus have perforate exine ornamentation (Fig. 
2: 12); (exine ornamentation of E. glaber (Fig. 2: 
9) is reticulate-perforate and reticulate in E. gibber,  
E. laxiflorus (Fig. 2: 8), E. tingens); on apocolpium 
lumina in E. glaber is more than mesocolpium lumi-
na size. I. Savinov, K. Baikov’s (2007) brings three 
sections Ilicifolia, Multiovulatus and Myrianthus of 
primitive spindle trees together in the group; this 
group is the most diverse from a palynomorphologi-
cal point of view. Exine surface in this group vary 
from perforate and microreticulate up to reticulate 
with small-sized lumina, but large-sized lumina is 
not a commonly found. 

As for synonyms of the species mentioned in the 
section Euonymus J.-S. Ma (2001) they refer to the 
section Biloculares series Lophocarpi and Pseu-
dovyenomi by R. A. Blakelock (1951). According to 
J.-S. Ma (2001) E. europaeus (Fig.5: 4) includes E 
czernjaevii, E moldavicus and E. velutinus. T. Leon-
ova (1974) did not recognize E. moldavicus as sepa-
rate species, while the other three taxa put together 
in the Lophocarpae series of the section Euonymus. 

J.-S. Ma (2001) classified E. juzepczukii,  
E. sieboldianus, E. lanceifolius, E. vidalii, E. ye-
doensis var. koehneana into E. hamiltonianus. 
After R. A. Blakelock (1951) E. sieboldianus,  
E. lanceifolius, E. yedoensis var. koehneana also 
are synonyms of E. hamiltonianus. Pollen grains 
of E. juzepczukii, E. lanceifolius, E. sieboldianus, 
E. hamiltonianus are from 23 to 34 µm in diameter, 
ora are more or less expressed from 2 to 5 µm in 
diameter, the surface is mainly reticulate with large 
lumina sizes, columellas and the bottom of lumina 
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are often visible. Near colpa, the size of lumina de-
creases, on the apocolpium lumina usually are equal 
or less than on the mesocolpium, exine from 2.2 to 
4.0 µm thick, columellas are clear and long. Grains 
of this group are similar among themselves, so as-
sociation is allowed. R. A. Blakelock (1951) put  
E. maackii to E. hamiltonianus var. maackii and J.-
S. Ma (2001) represents E. bungeanus as E. maackii 
synonym. E. maackii grains belong to the above de-
scribed pollen group, they are very similar to those 
at E. bungeanus. Distinctive features of pollen of 
two samples are quite substantial. Grains are larger 
usually from 30 µm in the diameter, ora large, more 
than 4–7 µm in the diameter, a surface is reticulate 
perforate or reticulate, and there is an increase of the 
lumina sizes on an apocolpium in comparison with 
mesocolpium. 

E. semenovii and E. przewalskii were united by 
J.-S. Ma (2001) in one species, while T. Leonova 
(1974) and I. Savinov, K. Baikov (2007) believed 
these two species can be treated in one series. Its 
pollen is also poorly distinguishable, within mor-
phological fluctuations into one species.

E. integerrimus and E. pauciflorus were reduced 
by J.-S. Ma (2001) to E. verrucosus as synonyms. 
T. Leonova (1974) and I. Savinov, K. Baikov (2007) 
relegated these to one series. Their pollen is very 
similar, its association is admissible.

N. Tzvelev (2004) has allocated E. nanus into 
one new section Nanevonymus. N. Tzvelev (2004) 
didn't divide the genus into subgenera and consid-
ered Kalonymus as one section. All spindle trees of 
Eastern Europe have been united in 8 sections. Pol-
len of E. nanus is typical for the genus.

The species which pollen is similar by some char-
acteristics as well as on their complex, often belong 
to different sections and subgenera. Palynological 
data do not confirm modern taxonomical systems.

The reduction of some taxa (Е. obovatus = E. 
americanus; E. dasydictyon = E. frigidus; E. por-
phyreus = E. frigidus; E. yesoensis = Е. oxyphyllus; 
E. czernjaevii = E. europaeus; E. velutinus = E. eu-
ropaeus; E. vidalii = E. hamiltonianus; E. yedoensis 
var. koehneana = E. hamiltonianus) to synonyms is 
not confirmed palynologically.

But the next species (E. planipes = E. sachali-
nensis; E. miniatus = E. sachalinensis; E. molda-

vicus = E. europaeus; E. sacrosanctus = E. alatus; 
E. subtriflorus = E. alatus; E. patens = E. hedera-
ceus; E. bungeanus = E. maackii; E. przewalskii = 
E. semenovii; E. juzepczukii = E. hamiltonianus; 
E. sieboldianus = E. hamiltonianus) can be syn-
onyms by pollen data.

Conclusion
3-colporate, reticulate pollen of representatives 

of the genus Euonymus is typical for the family 
Celastraceae as a whole.

No correspondence of palynomorphological 
data to the accepted sectional subdivision of 
subgenus Euonymus (Ma, 2001) has been found. 
In addition, no corresponding data have been 
discovered on taxonomic groups isolated within 
the genus according to R. A. Blakelock (1951), T. 
Leonova (1974), N. Tsvelev (2004) and I. Savinov 
and K. Baikov (2007), neither by complex of pollen 
characters nor by one of them separately (the shape 
of the pollen grain, the structure of the apertures, 
the structure of the exine, surface sculpture, 
dimensions). 

The species which pollen is similar by some 
characteristics as well as on their complex often 
belong to different sections and subgenera. 
The palynological data do not confirm modern 
taxonomical systems.

The palynomorphological data do not confirm 
the status of Kalonymus neither as a subgenus, nor a 
separate genus.

The reduction of half species into synonyms is 
not proved by pollen morphology.

Nevertheless, the pollen peculiarities of certain 
species are allowed in order to use the obtained data 
in the pollen-spore analysis.
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