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ABSTRACT. Recent molecular phylogenetic studies of Camphorosmoideae (Chenopodiaceae) demonstrated that
Camphorosma is monophyletic. Palynomorphological peculiarities are used in taxonomy as additional diagnostic
features and pollen analysis. Pollen morphology was studied using light and scanning electron microscopy, based
on 13 specimens belonging to four species (C. annua, C. lessingii, C. monspeliaca and C. songorica). The aim of this
research was to provide new data on pollen characteristics of the above mentioned species and to evaluate their
taxonomic value. The results obtained show that pollen grains are pantoporate, spheroidal, circular in outline,
undulate or slightly undulate on the edges; small or medium-sized. Pores are circular, with distinct margins. Exine
sculpture is nanoechinate, tectum psilate or psilate-perforate. Pore membranes are nanoechinate. Taxonomic rel-
evance of the most important characters of pollen grains (pollen diameter, pore number, pore diameter, distance
between pores and between pore centres, C/D value, nanoechini density, presence/absence of perforations, num-
ber of nanoechini on pore membranes, structure of columellae) is discussed. The exine structure of pollen grains
of all species was analysed for the first time in the current study. Pollen morphology proved to be an important
additional source of information for taxonomy for species-specific identification and pollen analysis within Cam-
phorosma. Palynomorphological data are interpreted in the existing phylogenetic framework.
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INTRODUCTION

Camphorosma L. (Camphorosmeae Moq.,
Camphorosmoideae Luerss., Chenopodiaceae
Vent.) comprises 4-5 species occurring in
the Western Mediterranean region, mainly
through the southern steppe, semi-desert and
desert zones of Eurasia, eastward to Central
Asia (Iljin, 1936, 1952; Scott, 1978; Mosyakin,
1996; Kadereit and Freitag, 2011; Freitag and
Kadereit, 2014; Kadereit et al., 2014; IPNI,
2023; POWO, 2023). In the flora of Ukraine,
the genus is represented by three species,
i.e. C. annua, C. monspeliaca and C. songo-
rica (Iljin, 1952; Mosyakin and Fedoronchuk,
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1999). Representatives of the genus are her-
baceous annuals and perennials, occasionally
subshrubs, often aromatic (camphor odor),
especially C. monspeliaca L., which is used
as a medicinal plant (Iljin, 1936; Mosyakin,
1996; Tashev and Dimitrova, 2019). Species
of Camphorosma usually grow on saline and
alkaline soils. Annuals C. annua Pall. and
C. songorica Bunge are representatives of
open halophytic natural plant communities,
growing on soils that are moist in spring and
almost completely dry in summer. The differ-
ence between these species has been ques-
tioned, but it is supported by molecular phy-
logenetic data (Kadereit and Freitag, 2011).

© 2023 W. Szafer Institute of Botany, Polish Academy of Sciences

This is an Open Access article, distributed under the terms of the Creative Commons Attribution license (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted re-use, distribution, and reproduction in any medium, provided the original work is properly cited.


mailto:palynology@ukr.net
https://orcid.org/0000-0003-2768-0045
mailto:s_mosyakin@hotmail.com
https://orcid.org/0000-0002-3570-3190
mailto:necik@ukr.net
https://orcid.org/0000-0003-1945-7409

22 Z.M. Tsymbalyuk et al. | Acta Palaeobotanica 63(1), 21-31, 2023

Perennials are hardy; they penetrate deep
into the continental steppes with moderate
and severe winter frosts. Camphorosma mon-
speliaca and C. lessingii Litv. are subshrubs
that grow in almost the same habitat as those
reported for annual species. Kadereit and Fre-
itag (2011) note that some authors question
the species status of C. lessingii (sometimes
subsumed under C. monspeliaca s.1.) because
of its supposedly not enough distinctive mor-
phological characters.

According to molecular phylogenetic data,
the genus Camphorosma is monophyletic.
Kadereit and Freitag (2011) provide a number
of synapomorphies, which additionally sup-
ported its monophyly: flattened and 4-lobed
perianth, multicellular glandular hairs in the
inflorescences, Cy-leaves of the Camphorosma
type, and a diploid chromosome number of
2n = 12, which have no analogues in the sub-
family Camphorosmoideae. Within the clade
of Camphorosma, the species C. annua and
C. songorica form a basal grade, and the lat-
ter is sister to the perennial species C. mon-
speliaca and C. lessingii (see also Freitag and
Kadereit, 2014).

It is well known that morphological charac-
teristics of pollen grains are often used in tax-
onomy as additional diagnostic features (Mos-
yakin and Tsymbalyuk, 2015, 2017; Albach
et al., 2021; Tsymbalyuk et al., 2021b, ¢, 2022c;
El Ghazali, 2022; Kursat et al., 2022; Son-
yan et al., 2022), as well as for spore-pollen
analysis in paleopalynology (Monoszon, 1973;
Bezusko et al., 2003, 2006, 2019; Tsymbalyuk
et al., 2005; Lu et al., 2018). Many authors
have reported representatives of the Chenopo-
diaceae/Amaranthaceae group being allergenic
pollen producers (Savitsky et al., 1996; Iano-
vici, 2008; Piotrowska-Weryszko et al., 2020).

Pollen grains of some Camphorosma species
were studied using light microscopy and scan-
ning electron microscopy (Kupriyanova and
Alyoshina, 1972; Monoszon, 1973; Nowicke,
1975; Tsymbalyuk, 2005, 2008; Perveen and
Qaiser, 2012). The knowledge about the pollen
grains in Camphorosma is, however, fragmen-
tary because the available descriptions usually
have only briefly addressed the pollen mor-
phology of one or a few species, or researchers
analysed only a few selected pollen characters.
The present investigation of the Camphorosma
species was carried out in order to provide
detailed quantitative and qualitative data on

their pollen characteristics and to evaluate
the taxonomical value of these data for pos-
sible species-specific identification and pollen
analysis.

MATERIALS AND METHODS

Pollen grains of four species (13 specimens) of Cam-
phorosma were sampled in the National Herbarium
of Ukraine (KW — herbarium of the M.G. Kholodny
Institute of Botany, National Academy of Sciences of
Ukraine, Kyiv, Ukraine); the international herbarium
acronym is given according to Thiers (2023, continu-
ously updated). Abbreviations of taxon author names
follow Brummitt and Powell (1992) with additions
available from the continuously updated International
Plant Names Index (IPNI, 2023; POWO, 2023).

The methods used in the present study have
been described in detail recently (T'symbalyuk et al.,
2022a, b). Pollen morphology was studied using both
light microscopy (LM) and scanning electron micros-
copy (SEM). For LM studies (Biolar x700), the pollen
was acetolysed following Erdtman (1952), mounted
on slides with glycerinated gelatin, analysed and
photomicrographed. Pollen morphometric features of
30 properly developed pollen grains from each speci-
men were measured (about 400 pollen grains), and
the measurements included the following parameters:
pollen grain and pore diameters, distance between
pores, exine thickness. The distance between pore cen-
tres and C/D value were calculated (McAndrews and
Swanson, 1967). The number of pores was calculated
by multiplying the number of pores visible on the sur-
face by two and adding the number of pores at the
edge of the pollen grain. For all quantitative charac-
ters, descriptive statistics was applied and the range
(minimum—maximum), arithmetic mean and standard
deviation were calculated. The slides are deposited in
the Palynotheca (reference pollen collection, KW-P)
at the National Herbarium of Ukraine (Tsymbalyuk
et al., 2021a).

For SEM studies (JEOL JSM-6060LA), dry and
acetolysed pollen grains were treated with 96%-etha-
nol, then the samples were sputter-coated with gold
and investigated at the Centre of Electron Microscopy
of the M.G. Kholodny Institute of Botany. The meas-
urements of the nanoechini and columellae were made
on 5-10 pollen grains from each specimen from SEM
micrographs using the software AxioVision Rel.4.8.2.
The number of nanoechini per unit area (4 pm?) was
determined. Terminology used in descriptions of pol-
len grains follows mainly the glossaries of Punt et al.
(2007) and Halbritter et al. (2018).

Cluster analysis was carried out to determine the
phenetic similarities among the investigated taxa.
Thirteen quantitative characters (Tables 1, 2) and six
qualitative characters (Table 3) were examined. Clus-
ter analysis was carried out using the unweighted
pair group method with arithmetic average (UPGMA).
PAST (PAleontological STatistics) v. 4.08 was used for
the analysis (Hammer et al., 2001). The variability of
the characters was examined by box plots.
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RESULTS

The original data on quantitative and qual-
itative pollen characters used in this study
are additionally summarised in Tables 1-3.
Comparison of original and published data
(quantitative characters) is summarised in
Table 4. LM and SEM photomicrographs of
pollen grains are shown in Figs 1-3. UPGMA
dendrograms showing the relationships of pol-
len grains are presented in Fig. 4. Box plots
illustrating the variation in pollen diameter
(A), pore number (B), pore diameter (C) and
distance between pores (D) of Camphorosma
pollen grains are shown in Fig. 5.

GENERAL DESCRIPTION OF POLLEN GRAINS
OF CAMPHOROSMA

Pollen grains are monads, isopolar, sphe-
roidal, circular in outline, undulate or slightly
undulate on the edge; small or medium-sized:
P =E =22.61-35.91 ym; pantoporate, with
45-97 pores evenly distributed on the surface.
Pores circular, 1.06-2.92 ym in diameter, with
distinct margins. Distance between pores 1.99—
3.99 um, between pore centres — 3.05-6.65 pm.
C/D = 0.115-0.252. Exine 2.39-3.72 um thick;
sexine is thicker than nexine; pollen wall tec-
tate. Columellae simple, distinct or indistinct.
LO-analysis: columellae distinct or indistinct,
circular, densely or sparsely distributed,
nanoechini indistinct. In SEM, the columellae
are more or less thick or thin, long or short,
0.26-0.69 um long, 0.14-0.33 um wide, densely
or sparsely arranged.

Exine sculpture nanoechinate (SEM); nanoe-
chini conic with straight sides and acute apex,
0.06-0.17 pm high, 0.12—-0.24 pm wide at base,
densely or sparsely distributed (4—20/4 pm?2);
tectum psilate or psilate-perforate in areas
between nanoechini. Pore membranes with
nanoechini (in number 4-10), pore margins
sunken, deeply sunken or raised; mesoporia
convex or slightly flattened (SEM).

DESCRIPTIONS OF POLLEN GRAINS

Camphorosma annua Pall.
Figs 1A-D, 2A—C, 3A

LM. Pollen grains undulate or slightly undu-
late on the edge, rarely small or medium-sized:
P =E =23.94-29.26 pym, with 50-70 pores,

1.99-2.66 pm in diameter. Distance between
pores 1.99-2.66 pm, between pore centres
3.99-5.32 ym. C/D = 0.157-0.211. Exine 2.39—
2.66 pm thick. Columellae distinct. LO-anal-
ysis: columellae distinct, sparsely distributed.

SEM. Nanoechini 0.07-0.16 pm high, 0.12—
0.21 pm wide at base; densely distributed
(11-20/4 pm?), tectum psilate in areas between
nanoechini. Pore membranes with nanoechini
(4-10), margins of pores sunken, mesoporia
convex. Columellae more or less thick, long,
0.34-0.69 pm long, 0.18-0.33 pm wide, densely
arranged.

Specimens investigated. 1. [Ukraine]
Kherson Region, Novotroitsk  District,
Vasylivka village, salt marsh, 19 September
1972, N. Loskot (KW). 2. [Ukraine] Poltava
Region, Kremenchuk District, Solontzi village,
salt marshes, sporadically, 10 August 2005,
Becharenko (KW068984). 3. [Ukraine] Pol-
tava Region, Semenivka District, salt marshes,
23 July 1949, E. Kondratyuk (KW). 4. Slovakia
Merid.: Parkan, in salsis ad pagum Kamendin,
ca 113 m, s. m. 25 August 1935, V.L. Krist (KW).

Camphorosma songorica Bunge
Figs 1E-H, 2D-F, 3B

LM. Pollen grains undulate on the edge,
medium-sized: P = E = 26.60-34.58 pm, with
55-72 pores, 1.59-2.66 pm in diameter. Dis-
tance between pores 2.39-2.92 um, between
pore centres 3.99-5.32 ym. C/D = 0.115-0.175.
Exine 2.66-3.32 um thick. Columellae distinct.
LO-analysis: columellae distinct, densely dis-
tributed.

SEM. Nanoechini 0.08-0.17 pym high, 0.12—
0.22 pym wide at base; less densely distributed,
(7-17/4 pm?), tectum psilate or psilate-perforate
in area between nanoechini. Pore membrane
with nanoechini (5-8), margins of pores sunken
or deeply sunken, mesoporia convex. Columel-
lae more or less thick, long, 0.39-0.63 ym long,
0.17-0.26 ym wide, densely arranged.

Specimens investigated. 1. [Ukraine]
Poltava Region, Obolon District [now part
of Kremenchuk District], salt marsh near
Ivanivka village, 05 August 1955, E. Bradis,
D. Dobrochaeva (KW). 2. [Ukraine] Kharkiv
Region, Starosaltovsk District [now part of
Vovchansk District], hollows on the loess
terrace of the Siverskyi Donets [River], salt
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Figure 1. Pollen grains of Camphorosma (LM). A-D. C. annua; E-H. C. songorica; I-L. C. monspeliaca; M=P. C. lessingii.

Scale bars = 10 pm

marshes, 3 km N from Hotimlya village,
21 June 1938, G. Bilyk (KW).

Camphorosma monspeliaca L.
Figs 1I-L, 2G-I, 3C

LM. Pollen grains slightly undulate or undu-
late on the edge, rarely small or medium-sized:
P = E = 23.94-35.91 pm, with 50-82 pores,
1.99-2.92 pm in diameter. Distance between
pores 2.26-3.99 um, between pore centres 4.38—
6.38 um. C/D = 0.143-0.252. Exine 2.66-3.72 pm
thick. Columellae distinct. LO-analysis: columel-
lae distinct or indistinct, densely distributed.

SE M. Nanoechini 0.09-0.17 pm high, 0.14—
0.21 ym wide at base; less densely distributed

(6-16/4pm?2), tectum psilate in area between
nanoechini. Pore membranes with nanoechini
(4-8), margins of pores sunken or raised,
mesoporia convex or slightly flattened. Colu-
mellae thin, short, 0.28-0.46 pm long, 0.14—
0.19 ym wide, densely arranged.

Specimens investigated. 1. [Croatia]
Flora exsiccata Austro-Hungarica, Dalmatia,
Ad mare Adriaticum ad pedem montis Mar-
ian prope Spalatum [Split], Pichler (KW). 2.
[Ukraine] Crimea, Leninsky [Yedykuiskyl]
District, a mud volcano west of Kerch, 08 July
1983, V. Novosad (KW 00105323). 3. [Ukraine]
Crimea, region Feodosia, slopes to the West of
the city, 16 August 1976, O. Dubovik (KW).
4. [Ukraine] Kherson Region, Novotroivka



Z.M. Tsymbalyuk et al. | Acta Palaeobotanica 63(1), 21-31, 2023

25

Figure 2. Pollen grains of Camphorosma (SEM). A-C. C. annua; D-F. C. songorica; G-I. C. monspeliaca; J-L. C. lessingii.

A, D, G, J — general view, B, E, H, K — exine sculpture, C, F, I, L. — pores

District, Churyuk Island, between the “Salt
Lake” and the Ushakovo tract, on the islands,

alluvial carbonate loams, 7 September 1927,
M. Kotov (KW).

Camphorosma lessingii Litv.
Figs 1M—P, 2J-L, 3D

LM. Pollen grains undulate or slightly undu-
late on the edge, mainly small or medium-
sized: P = E = 22.61-30.59 pm, with 45-97
pores, 1.06-2.66 pm in diameter. Distance
between pores 1.99-3.99 pm, between pore
centres 3.05-6.65 ym. C/D = 0.127-0.250.
Exine 2.39-2.66 pm thick. Columellae distinct

or indistinct. LO-analysis: columellae distinct
or indistinct, densely distributed.

SE M. Nanoechini 0.06-0.17 pm high, 0.13-
0.24 pm wide at base; sparsely distributed
(4-12/4 pm?), tectum psilate in area between
nanoechini. Pore membranes with nanoechini
(4-7), margins of pores sunken or raised,
mesoporia convex or slightly flattened. Colu-
mellae more or less thick, short or long, 0.26—
0.66 pm long, 0.18-0.27 pym wide, more densely
arranged than in other species.

Specimens investigated. 1. [Russia]
Ural-Emba District, the second terrace along
the riverbed of the Sakmara, 27 August 1936,
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Figure 3. Exine structure of pollen grains of Camphorosma (SEM). A. C. annua; B. C. songorica; C. C. monspeliaca; D. C. lessingii

S. Nikitin, M. Deulina (KW). 2. [Kazakhstan]
Kasahstania, Almaly, In declivibus montium,
27 July 1910, M. Ptaschizky (KW). 3. [Kazakh-
stan] Akmola [Astana, Nuar-Saltan] Region
and county, a salt-marsh near a spring on the
slope of Chok-bartas mountain, 23 July 1908,
W. I. Smirnow (KW).

NUMERICAL ANALYSIS OF THE
PALYNOMORPHOLOGICAL CHARACTER STATES

The cluster analysis of Camphorosma pol-
len clearly separated species. As seen in the
UPGMA dendrogram, C. annua has distinctive
pollen morphometric characters (Table 1) and
is placed on a separate branch (Fig. 4A). The
species with the largest pollen size, comparable
number of pores and thicker exine, C. songor-
ica and C. monspeliaca, are placed on the same
branch. Camphorosma lessingii has the small-
est pore diameter and distance between pore
centres, and is located on a separate branch
(Fig. 4A). Also, these species have distinctive
quantitative characters of nanoechini and
columellae (Table 2, Fig. 4B). Camphorosma
annua has distinctive features of nanoechini

and columellae, and is placed on a separate
branch (Table 2, Fig. 4B). Camphorosma son-
gorica and C. monspeliaca are placed on the
same branch because they have similar sizes
of nanoechini (Table 2, Fig. 4B). Camphorosma
lessingii has nanoechini in size the closest to
C. songorica and C. monspeliaca in size, and
is very close to these species in dendrogram
(Table 2, Fig. 4B). As seen in the UPGMA den-
drogram (Fig. 4C), species have distinctive pol-
len qualitative characters (Table 3).

COMPARATIVE POLLEN MORPHOLOGY

The present results demonstrated that all
studied Camphorosma species have overlap-
ping size ranges and number of pores. The
pollen grains of C. annua and C. lessingii are
smaller in size than those of C. songorica and
C. monspeliaca (Fig. 5A). The smallest aver-
age number of pores (58) is characteristic
of C. annua (Fig. 5B). The smallest average
diameter of pores was observed in C. lessingii
(1.76 pm), while pores with the largest aver-
age diameter were found in C. monspeliaca
(241 pm) (Fig. 5C). The shortest average
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Table 1. Pollen morphometric characters of Camphorosma species: mean + standard deviation; range (minimum-maximum)

(all measurements given as pm)

Distance Distance .

T Pollen Pore bet bet P b c/D Exine

axon diameter diameter etween etween pore | Pore number thickness
pores centres

C. annua 26.28 +1.44 2.27+0.24 2.48+0.18 4.75+0.35 58.56+5.36 0.18+0.01 2.60+0.10
23.94-29.26 1.99-2.66 1.99-2.66 3.99-5.32 50-70 0.15-0.21 2.39-2.66
C. songorica 31.25+2.37 2.05+0.40 2.58+0.15 4.63+0.43 64.63+4.07 0.14+0.01 2.77+0.20
26.60-34.58 1.59-2.66 2.39-2.92 3.99-5.32 55-72 0.11-0.17 2.66-3.32
C. monspeliaca | 29.70+3.19 2.41+0.23 2.61+0.29 5.02+0.41 64.66+8.92 0.17+0.02 2.82+0.29
23.94-35.91 1.99-2.92 2.26-3.99 4.38-6.38 50-82 0.14-0.25 2.66-3.72
C. lessingii 26.02+1.99 1.76 +0.59 2.61+0.48 4.37+0.99 63.60+13.05 0.16+0.03 2.62+0.09
22.61-30.59 1.06-2.66 1.99-3.99 3.05-6.65 45-97 0.12-0.25 2.39-2.66

distances between pores are characteristic of
C. annua (2.48 pm), while the largest aver-
age distances are observed in C. lessingii and
C. monspeliaca (2.61 pym) (Fig. 5D). The short-
est average distances between pore centres are
characteristic of C. lessingii (4.37 pm), while
the largest ones are observed in C. monspeliaca
(5.02 pm) (Table 1). The C/D values are very
similar in all species, since the pollen grains
have a similar or at least comparable number
of pores. The data obtained show that pollen
grains with many pores are characterised by
a low mean C/D ratio (0.11, 0.12, 0.14, 0.15),
and pollen with a few pores has a high mean
C/D ratio (0.17, 0.21, 0.25).

All species have nanoechini evenly dis-
tributed over the entire pollen surface, their

density ranges from 4-20/4 pm2 Nanoechini
are rather densely arranged in C. annua, less
densely in C. songorica and C. monspeliaca, and
are sparsely arranged in C. lessingii. Tectum
is psilate-perforate in C. songorica and psilate
in C. annua, C. monspeliaca and C. lessingii.

According to the mesoporial exine level,
pores in C. annua are sunken, in C. songor-
ica mainly deeply sunken, rarely sunken, and
in C. monspeliaca and C. lessingii sunken or
raised. Pollen grains of C. annua and C. son-
gorica have convex mesoporia, while in C. mon-
speliaca and C. lessingii the mesoporia are con-
vex or slightly flattened.

Camphorosma monspeliaca and C. son-
gorica have the thicker exine, C. lessingii and
C. annua have the thinner exine. LO-analysis:

A B
C. annua C. annua
C. songorica C. songorica
C. monspeliaca C. monspeliaca
C. lessingii C. lessingii
10 15 20 25 30 35 40 45 50 1.0 15 20 25 3.0 35 4.0
C
C. annua
C. songorica
C. monspeliaca
“
C. lessingii J
1.70 175 1.80 1.85 190 1.95 2.00

Figure 4. UPGMA dendrograms showing the relationships of pollen grains of Camphorosma species: A, B. quantitative char-

acters; C. qualitative characters
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Table 2. Pollen morphometric characters of Camphorosma species: mean + standard deviation; range (minimum-maximum)

(all measurements given as pm)

Nanoechini (SEM) Columellae (SEM)
Taxon ;
Height Width at the Number/ 4 pm? Number on pore Height Thickness
base membranes
C. annua 0.11+0.02 0.16+0.03 14.57+2.36 6.75+1.66 0.48+0.09 0.23+0.03
0.07-0.16 0.12-0.21 11-20 4-10 0.34-0.69 0.18-0.33
C. songorica 0.12+0.02 0.17+0.02 10.80+3.05 6.93+0.99 0.48+0.07 0.21+0.02
0.08-0.17 0.12-0.22 7-17 5-8 0.39-0.63 0.17-0.26
C. monspeliaca 0.12+0.02 0.17+0.02 9.94+2.85 5.75+1.29 0.36+0.06 0.16+0.01
0.09-0.17 0.14-0.21 6-16 4-8 0.28-0.46 0.14-0.19
C. lessingii 0.12+0.03 0.18+0.02 8.50+2.69 5.47+1.09 0.48+0.13 0.22+0.02
0.06-0.17 0.13-0.24 4-12 4-7 0.26-0.66 0.18-0.27
Table 3. Pollen morphological characters of Camphorosma species
. . . LO-analysis Columellae
Taxon Grain edge Pore margin Mesoporium Tectum columellae (SEM)
C. annua Undulate, slightly | Distinct, sunken | Convex Psilate Distinct, sparse | Long, thick
undulate
C. songorica Undulate Distinct, sunken | Convex Psilate or Distinct, dense Long, thick
or deeply sunken psilate-perforate
C. monspeliaca | Slightly undulate, | Distinct, sunken | Convex or Psilate Distinct or Short, thin
undulate or raised slightly flattened indistinct, dense
C. lessingii Undulate, slightly | Distinct, sunken | Convex or Psilate Distinct or Short and
undulate or raised slightly flattened indistinct, dense |long, thick

columellae distinct in C. annua and C. songo-
rica, or distinct and indistinct in C. monspe-
liaca and C. lessingii. In SEM, columellae are
longer and thicker in C. annua, C. songorica
and C. lessingii, and shorter and thinner in
C. monspeliaca, as compared to other species
(Fig. 3).

In general, the range of variations in the
characteristics of pollen grains between dif-
ferent specimens of the studied species is
small; we did not observe significant discon-
tinuity within species. Samples of species
from Ukraine and other regions had simi-
lar characters. We also observed that C. les-
singii specimen 1 (Fig. 1N) had fewer pores
than C. lessingii specimen 2 (Fig. 10). This
was also observed in various samples of
C. monspeliaca, in which specimen 1 (Fig. 1J)
had fewer pores than specimen 2 (Fig. 1K).

DISCUSSION

The data obtained in this study confirm the
data provided by other authors (Kupriyanova
and Alyoshina, 1972; Monoszon, 1973; Perveen
and Qaiser, 2012) and provide further interest-
ing information. In general, data are mainly in
good agreement with the results of previous LM
studies (Table 4), but some differences have also
been observed. Monoszon (1973) reported pollen
grains of C. lessingii which had smaller sizes
than the values found in this study (Table 4).
In general, pollen grains of C. lessingii tend
to be smaller in size (Fig. 5A). Kupriyanova
and Alyoshina (1972) reported pollen grains
of C. monspeliaca which had fewer pores than
those found in this study (Table 4). One possi-
ble explanation for the observed variation could
be the differences between the pore counting

Table 4. Summary of pollen morphometric measurements: range (minimum-maximum) (original and literature data; all

measurements given as pm)

Distance Distance .
Pollen Pore Pore Exine
Taxon . . between between . Source of data
diameter | diameter number | thickness
pores pore centres
C. monspeliaca | 23.94-35.91 | 1.99-2.92 | 2.26-3.99 | 4.38-6.38 50-82 | 2.66-3.72 | Original data
24.00-25.20 | 1.80-2.40 | 2.40-3.00 - 40-50 | 2.40-3.00 | Kupriyanova and Alyoshina, 1972
22.50-27.00 | 2.50-3.00 - 4.90-5.80 50-56 | 2.50-3.00 | Monoszon, 1973
27.32-28.11 | 2.00-2.11 - - - 2.70-2.81 | Perveen and Qaiser, 2012
C. lessingii 22.61-30.59 | 1.06-2.66 | 1.99-3.99 | 3.05-6.65 45-97 | 2.39-2.66 | Original data
16.00-22.50 | 2.50-3.00 - 4.50-5.20 45-50 | 2.50-3.30 | Monoszon, 1973
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Figure 5. Box plots of the Camphorosma pollen grains. A. pollen diameter; B. pore number; C. pore diameter; D. distance
between pores. 1. C. annua, 2. C. songorica, 3. C. monspeliaca, 4. C. lessingii

approaches. Sometimes in the LM all the pores
along the edge are not clearly visible. Monoszon
(1973) reported similar diameters of pores from
C. lessingii and C. monspeliaca (Table 4). Mon-
oszon (1973) also reported pollen grains from
C. lessingii which have thicker exine than those
reported in this study (Table 4).

According to molecular phylogenetic data,
annual species C. annua and C. songorica form
a phylogenetically basal grade (Kadereit and
Freitag, 2011, Freitag and Kadereit, 2014). Our
results demonstrated that species C. annua has
distinctive pollen morphometric and morpho-
logical characters. In particular, pollen grains
of C. annua are characterised by thinner exine,
smaller distances between pores, psilate tectum,
and peculiarities of nanoechini. Cluster analy-
sis based on quantitative and qualitative char-
acters, confirms differences between C. annua
and other studied species (Fig. 4A, B, C), which
supports the molecular phylogenetic data.

According to molecular phylogenetic data,
C. songorica is sister to the perennial species
C. monspeliaca and C. lessingii (Kadereit and
Freitag, 2011; Freitag and Kadereit, 2014). Cam-
phorosma songorica shares some quantitative
characteristics with C. monspeliaca (Fig. 4A)

and C. lessingii (Fig. 4B), but differs from these
species in most qualitative features (Fig. 4C).
Camphorosma monspeliaca and C. lessingii
have some morphometric and morphological
differences. Pollen grains of C. monspeliaca are
characterised by a rather thick exine. Cam-
phorosma lessingii is characterised by longer,
more densely distributed columellae than those
in C. monspeliaca. Cluster analysis also con-
firms the differences between C. monspeliaca
and C. lessingii (Fig. 4A, B). Camphorosma
monspeliaca and C. lessingii are more similar
in their qualitative characters (Fig. 4C), which
supports the molecular phylogenetic data.

CONCLUSIONS

Pollen morphology proved to be an important
additional source of information for species-
specific identification within Camphorosma,
of value for taxonomy. Species of the genus
can be identified based on morphometric and
morphological pollen features, and especially
based on the distance between pores, exine
thickness, columellae structure, peculiarities
of nanoechini, and the pattern of tectum in
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areas between nanoechini. The data obtained
in this study are in good agreement with the
molecular phylogenetic data (Kadereit and Fre-
itag, 2011; Freitag and Kadereit, 2014). The
presented quantitative and qualitative charac-
teristics of pollen grains and their photomicro-
graphs can also be used for pollen identifica-
tion in paleopalynology and aerobiology. When
identifying pollen by spore-pollen analysis, it is
necessary to use the whole complex of morpho-
metric and morphological features. The pollen
characteristics described here may be used in
future studies aimed at completing the knowl-
edge on Camphorosmeae species and Chenopo-
diaceae in general.
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