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Abstract

The Caucasus is one of the richest areas in the world in terms of animal and plant diversity, harbouring 6400 plant species.
As a part of the Northern Caucasus, the Stavropol Heights are renowned for their local endemism, highlighted by six species
of flowering plants endemic to this area. One of them is the annual species Euphorbia normannii, described in 1891, but with
uncertain taxonomic position. We here used nuclear ribosomal internal transcribed spacer and plastid trnT—trnF sequences
to infer the phylogenetic position of E. normannii. The nuclear data inferred its position within E. sect. Myrsiniteae, whereas
the plastid data placed it within E. sect. Pithyusa, thus indicating a hybrid origin. Relative genome size (RGS) data indicate
that E. normannii has the highest RGS compared to three other annual species belonging to both sections (E. aleppica,
E. gaillardotii and E. falcata). Our data are inconclusive whether E. normannii is of allopolyploid or homoploid hybrid origin,
or whether later hybridisation and plastid capture from E. sect. Pithyusa was responsible for the incongruent phylogenetic
signal. Morphologically, E. normannii is distinct, as are all three before-mentioned annuals, which fall in predominately
perennial sections. However, the species most similar to E. normannii is E. falcata from E. sect. Pithyusa and therefore we
propose inclusion of E. normannii in this section.
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Introduction

Euphorbia L. (Euphorbiaceae) is one of the largest genera of
flowering plants. Most of its species occurring in temperate
Eurasia belong to E. subgen. Esula Pers., which contains
roughly 480 species and represents the earliest diverging
subgenus within Euphorbia. In the most recent taxonomic
revision, 21 sections were recognised within this subgenus,
based mainly on nuclear and plastid DNA sequence phylog-
enies (Riina et al. 2013). Several species, for which phylo-
genetic data were not available, were classified into sections
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based on morphological grounds. One of these species is
E. normannii Schmalh. ex Lipsky, which was described by
Lipsky (1891) with a very short diagnosis in Russian. Dur-
ing his exploration of the Northern Caucasus in 1889-1890,
he collected an unusual annual Euphorbia near Nevinno-
mysskaya village (now the town of Nevinnomyssk). The col-
lections appeared to be identical with specimens collected
in 1879 and 1883 in the vicinity of Stavropol by A. Nor-
mann and “kept together with E. falcata” in his herbarium.
However, “I. F. Schmalhausen proposed to distinguish [these
specimens] as a separate species E. normannii” (Lipsky
1891). One year later, Schmalhausen (1892) published a
detailed Latin description of E. normannii along with an
illustration of its seeds and listed three localities, all from
the Stavropol Heights (Stavropol’skaya vozvyshennost’) in
the Northern Caucasus in Russia.

The Caucasus is one of the richest areas in the world in
terms of animal and plant diversity and is considered one
of the 25 Global Biodiversity Hotspots of high conserva-
tion priority (Myers et al. 2000). It harbours 6400 plant spe-
cies (Mittermeier et al. 2005) of which over 2700 taxa are

@ Springer


http://orcid.org/0000-0002-3667-1135
http://crossmark.crossref.org/dialog/?doi=10.1007/s00606-021-01741-8&domain=pdf

20 Page2of12

B. Frajman, D. Geltman

endemic to this area (Solomon et al. 2014). Species diversity
and endemism are exceptionally high for a temperate zone
and relate to the geographic position of the Caucasus at the
junction of two distinct biogeographic regions, the Euro-
Siberian and Irano-Turanian (Mittermeier et al. 2005). Even
if most endemic species occur in the Greater and Lesser
Caucasus (Mittermeier et al. 2005), the Stavropol Heights in
the north of the main Caucasian chain are also renowned for
their local endemism (Menitsky 2004; Ivanov et al. 2010).

The formation of the Stavropol Heights began in the Late
Miocene as a peninsula of the south coast of the Paratethys
(Popov et al. 2004), but its area expanded later (Panina 2009)
and nowadays consists mainly of clay, limestone and sand-
stones. The plateau, which is on average 300 to 600 m high,
with the highest summit (Strizhament hill) reaching 831 m,
is intertwined with wide river valleys and streams. The natu-
ral vegetation of this area with temperate continental climate
consists mainly of steppes and localised deciduous forests,
which have been largely transformed to agricultural land-
scapes. Besides E. normannii, Ivanov et al. (2010) listed five
angiosperms as endemic to the Stavropol Heights, namely
Erodium stevenii M. Bieb., Euphorbia aristata Schmalh.,
Hieracium stauropolitanum Uksip, Psephellus annae
Galushko and Vincetoxicum stauropolitanum Pobed. Most
of these species have no close relatives in the Caucasian flora
(Ivanov et al. 2010).

Prokhanov (1949) included E. normannii in Euphorbia
subgen. Paralias (Raf.) Prokh. sect. Cymatospermum Prokh.
subsect. Oleraceae Prokh. and considered it to be “closely
related to the common E. falcata L., from which it is eas-
ily distinguished by the seeds with two rows of pits at each
face and not one”. This section, for which later the name
E. sect. Peplus Lazaro got established (Prokhanov 1964),
included annuals with various ornamentation of seed sur-
face. However, Frajman and Schonswetter (2011) showed
that E. sect. Cymatospermum was polyphyletic and its rep-
resentatives were included in eight different sections by
Riina et al. (2013). Euphorbia falcata was thus included in
E. sect. Pithyusa (Raf.) Lazaro based on its phylogenetic
position, whereas E. normannii, for which no phyloge-
netic data existed, was placed in E. sect. Arvales (Geltman)
Geltman on morphological grounds. Euphorbia norman-
nii shares free styles and in cross section subquadrangular,
irregularly tuberculate—rugulose seeds with E. arvalis Boiss.
& Heldr. and E. franchetii B. Fedtsch., which were, based
on DNA sequence data, included in E. sect. Arvales. How-
ever, based on ITS sequence data (A. Kryukov, unpublished)
Geltman (2015) suggested that E. normannii should rather
be included in E. sect. Myrsiniteae. Euphorbia sect. Myrsin-
iteae and E. sect. Pithyusa include 14 and 50, mostly peren-
nial, but also one (E. aleppica L.) and two (E. falcata and
E. gaillardotii Boiss. & Blanche) annual species, respec-
tively. Both sections share several morphological
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characteristics, like being glaucous and having palmate leaf
venation, and were resolved as sisters by the plastid sequence
data, whereas the relationships between them based on the
ITS sequences remained unresolved, and E. sect. Myrsin-
iteae was rather inferred as sister to E. sect. Lagascae Lazaro
(Riina et al. 2013). The placement of annual E. aleppica in
E. sect. Myrsiniteae and of E. falcata and E. gaillardotii in
E. sect. Pithyusa was very surprising, as these annuals are
morphologically very divergent from perennials included in
these sections (Frajman and Schonswetter 2011; Pahlevani
et al. 2011; Riina et al. 2013).

The aim of this paper is to infer the phylogenetic posi-
tion of E. normannii using nuclear ribosomal ITS and plas-
tid trnT—trnF sequences, and to provide a hypothesis of its
hybrid origin based on the inferred phylogenies. In addi-
tion, we compare morphological characteristics and relative
genome size (RGS) data of E. normannii with other annual
species from E. sect. Myrsiniteae and E. sect. Pithyusa and
provide a revised taxonomic treatment including the species
description of E. normannii, updated compared to the one
provided by Schmalhausen (1892).

Materials and methods
Plant material

Plant material for RGS estimation, molecular and morpho-
metric analyses of E. normannii was sampled from her-
barium vouchers deposited at LE, whereas molecular and
RGS analyses of other species were based on silica gel dried
leaf material (Online Resource 1). In total, three specimens
of E. normannii from three different localities were stud-
ied phylogenetically, for one specimen RGS was estimated
and 16 were included in the morphological analyses. (For
details, see “Specimens studied” in the Taxonomic treat-
ment.) For morphological characters of E. normannii and
of closely related/morphologically similar E. aleppica,
E. falcata and E. gaillardotii, several specimens deposited
at LE were studied.

DNA extraction, sequencing and analyses
of sequence data

Extraction of total genomic DNA and sequencing were
performed as described by Frajman and Schonswetter
(2011), with the exception that the sequencing was car-
ried out at Eurofins Genomics (Ebersberg, Germany).
Contigs were assembled, edited and sequences aligned
using Geneious Pro 5.5.9 (Kearse et al. 2012). Base
polymorphisms were coded using NC-IUPAC ambigu-
ity codes. GenBank numbers of sequences are given in
Online Resource 1. The sampling of species was based on
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preliminary phylogenetic analyses, in which E. norman-
nii was added to the alignments of Frajman and Schon-
swetter (2011). As E. normannii was shown to belong
either to E. sect. Myrsiniteae or to E. sect. Pithyusa, we
included several published sequences from these sections
and sequenced some additional accessions, to achieve a
representative taxonomic and phylogenetic coverage of
both sections, mostly based on phylogenies inferred by
Riina et al. (2013). As E. sect. Lagascae was inferred as
sister to E. sect. Myrsiniteae by ITS sequences, we also
included this section in our ITS phylogenetic analyses, but
not in the plastid analyses, as in the plastid tree the former
section was inferred as distantly related to E. sect. Myrs-
initeae and E. sect. Pithyusa (Riina et al. 2013). Likewise,
we did not include E. sect. Arvales in our analyses, as it is
only distantly related to E. sect. Myrsiniteae and E. sect.
Pithyusa (Riina et al. 2013). However, we included five
species from E. sect. Helioscopia to root the trees (see
Online Resource 1 for details). In total, seven ITS and five
trnT—trnF sequences were generated in this study and 36
ITS and 33 trnT—trnF sequences were included from previ-
ous studies (Frajman and Schonswetter 2011, 2017; Riina
et al. 2013; Falch et al. 2019). GenBank numbers are given
in Online Resource 1, and the ITS and plastid alignments
are available in Online Resource 2 and 3, respectively.

Maximum parsimony (MP) and MP bootstrap (MPB)
analyses were performed using PAUP 4.0b10 (Swofford
2002). The most parsimonious trees were searched for heu-
ristically with 1000 replicates of random sequence addi-
tion, TBR swapping and MulTrees on. The swapping was
in the case of ITS performed on a maximum of 1000 trees
(nchuck =1000). All characters were equally weighted and
unordered. The data set was bootstrapped using full heu-
ristics, 1000 replicates, TBR branch swapping, MulTrees
option off and random addition sequence with five replicates.

Bayesian analyses were performed using MrBayes 3.2.1
(Rongquist et al. 2012) applying the GTRG substitution model
proposed by the Akaike information criterion implemented
in MrAIC.pl 1.4 (Nylander 2004). Values for all parameters,
such as the shape of the gamma distribution, were estimated
during the analyses. The settings for the Metropolis-coupled
Markov chain Monte Carlo process included four runs with
four chains each (three heated ones using the default heat-
ing scheme), run simultaneously for 10,000,000 generations
each, sampling trees every 1000th generation using default
priors. The posterior probabilities (PP) of the phylogeny and
its branches were determined from the combined set of trees,
discarding the first 1001 trees of each run as burn-in. In addi-
tion, a NeighborNet was produced with ITS sequences using
SplitsTree4 12.3 (Huson and Bryant, 2006).

Relative genome size measurements

RGS was measured for one specimen of E normannii, three
populations of E. aleppica (E. sect. Myrsiniteae), twelve
populations of E. falcata and one of E. gaillardotii (E. sect.
Pithyusa), as well as two populations of E. phymatosperma
(E. sect. Lagascae; see Online Resource 1 for details). We only
included the annual species from the sections closely related
to E. normannii, as the perennials for which RGS data exist
are phylogenetically divergent from E. normannii. The peren-
nials have RGS at least three times higher from E. aleppica in
E. sect. Myrsiniteae (Falch et al. 2019) and ranging between
the values recorded for E. falcata (in case of E. niciciana
(Borbas) Rech. fil. and E. seguieriana Necker; Frajman et al.
2019) and the values that are about five times higher in E. sect.
Pithyusa (Frajman, unpublished data).

The RGS was estimated with a CyFlow space flow cytom-
eter (Partec, GmbH, Miinster, Germany) using 4',6-diamid-
ino-2-phenylindole (DAPI) and the reference standard Bellis
perennis L. (2C=3.38 pg; Schonswetter et al. 2007) follow-
ing Suda and Travnicek (2006) and modifications described
by Cresti et al. (2019). The RGS was calculated as the ratio
between the values of the mean relative fluorescence of the
sample and the standard.

Morphological analyses and geographical
distribution data

The morphological description of E. normannii was pro-
duced based on 16 herbarium specimens deposited in LE.
Plant height, stem, leaf and some of the raylet leaf characters,
number and length of axillary and terminal rays as well as
number of branchings of rays were scored manually. Raylet
leaf, cyathium, capsule and seed characters were studied and
measured using a stereo microscope Stemi 305 (Carl Zeiss)
with measuring ruler. Photographs of seeds were taken using
a stereo microscope SteREO Lumar.V12 (Carl Zeiss), with a
camera AxioCam MRc5. In addition, morphological charac-
ters of E. aleppica, E. falcata and E. gaillardotii were studied
on herbarium specimens deposited at LE and supplemented
with the species’ descriptions by Prokhanov (1949) and Rad-
cliffe-Smith (1982). The geographical distribution data of
E. normannii were extracted from the herbarium labels of the
specimens deposited in LE and MW.

Results
ITS and plastid phylogenies
The ITS alignment was 731 characters long, and 187 char-

acters (25.6%) were parsimony informative. Homoplasy
index was 0.36 (0.42 after exclusion of uninformative
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characters), and the retention index was 0.85. In total,
67,688 most parsimonious trees were found and their
length was 606. Bayesian and maximum parsimony
reconstructions resulted in congruent topologies (Fig. 1a).
Euphorbia normannii was positioned within E. sect. Myrs-
initeae (PP 1, MPB 96%), as sister to the rest of the taxa,
which formed a clade (PP 0.98, MPB 93%), in which
E. aleppica was sister to other taxa. Euphorbia sect.
Lagascae was sister to E. sect. Myrsiniteae (PP 1, MPB
82%), and their sister was E. sect. Pithyusa (PP 1, MPB
97%), in which annual E. falcata and E. gaillardotii were
included. The NeighborNet (Fig. 1b) revealed several con-
flicting splits. Euphorbia normannii was positioned along
a long split with other species of E. sect. Myrsiniteae,
from which it was clearly divergent, and shared a com-
mon short split with the species of E. sect. Pithyusa, of
which the annual E. falcata was closest to E. normannii.

E. apios GR

E. spinosa FR

E. verrucosa Sl

E. carniolica BA

E. hirsuta ES

56

—1'75 phymatosperma IR
100

Euphorbia sect. Lagascae was intermediate between
E. sect. Helioscopia and E. sect. Myrsiniteae.

The trnT—trnF alignment was 1676 characters long; 91
characters (5.4%) were parsimony informative. Homoplasy
index was 0.07 (0.09 after exclusion of uninformative char-
acters), and the retention index was 0.98. Sixty-six most
parsimonious trees were found, and their length was 154.
Bayesian and maximum parsimony reconstructions resulted
in congruent topologies (Fig. 2). Euphorbia normannii was
positioned within E. sect. Pithyusa (PP 1, MPB 94%), as sis-
ter of most of the perennial taxa (PP 0.99, MPB 70%), with
exception of E. cassia Boiss. and E. pithyusa L., which were,
along with the annual E. falcata, positioned in a basal poly-
tomy; E. gaillardotii was in the same clade with E. cassia
(PP 1, MPB 85%). Euphorbia sect. Pithyusa was sister (PP
1, MPB 100%) to E. sect. Myrsiniteae (PP 1, MPB 98%), in
which the annual E. aleppica was sister to the perennial taxa.
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Fig.1 Bayesian consensus phylogram (a) and NeighborNet (b)
inferred from ITS sequences, showing the phylogenetic position of
Euphorbia normannii, including different species from the sections
E. sect. Helioscopia (H), E. sect. Lagascae (L), E. sect. Myrsiniteae
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Fig.2 Bayesian consensus phylogram inferred from plastid trnT—trnF
sequences showing the phylogenetic position of Euphorbia norman-
nii, including different species from the sections E. sect. Heliosco-
pia (H), E. sect. Myrsiniteae (M) and E. sect. Pithyusa (P). Numbers
above branches are posterior probabilities; those below branches
maximum parsimony bootstrap values. Population numbers cor-
respond to Online Resource 1. Two-letter country codes follow the
accession names

Relative genome size

The RGS of E. aleppica ranged between 0.334 (popula-
tion 1) and 0.373 (population 3), that of E. falcata between
0.450 (population 3) and 0.477 (population 14), E. gaillar-
dotii had RGS 0.260, E. normannii 0.560, and E. phymato-
sperma between 0.233 (population 2) and 0.235 (population
3; Online Resource 1, Fig. 3).

Morphological and distributional data

The morphological description of E. normannii (Fig. 4) is
provided in the Taxomomic treatment below. As in many
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Fig.3 Mean relative genome size (RGS) of Euphorbia aleppica (A),
E. falcata (F), E. gaillardotii (G), E. normannii (N) and E. phymato-
sperma (P)

annual Euphorbia species, the general habit of E. norman-
nii is very variable. The stems are sometimes very short, ca.
5 cm long, and the main part of the plants is formed by the
long and branched rays of the synflorescence. Euphorbia
normannii clearly differs not only from the perennial species
of E. sect. Myrsiniteae, but also from the annual E. aleppica
(Online Resource 4). In general habit and other characters,
such as the shape of the leaves, it is very similar to E. fal-
cata from E. sect. Pithyusa, but differs from this species
in several other characters (see Table 1, Fig. 5 and Online
Resource 4 for details).

The distribution of E. normannii based on available her-
barium specimens can be summarised to five localities, four
in the southern part of the Stavropol Heights and one from
the vicinity of the town of Nevinnomyssk to the south of the
Stavropol Heights (Fig. 6; Taxonomic treatment).

Discussion

Our phylogenetic data show that E. normannii, a regional
endemic from the Stavropol Heights area in Russia, has
a distinct phylogenetic position within E. subgen. Esula,
which, however, differs strongly between the nuclear ITS
and the plastid trnT—trnF sequences. In the ITS phylogenetic
tree E. normannii was inferred as sister to the members of
E. sect. Myrsiniteae, but shared also some common splits
with the members of E. sect. Pithyusa, especially with
annual E. falcata, in the NeighborNet (Fig. 1). On the other
hand, in the plastid tree (Fig. 2) E. normannii was clearly
positioned within E. sect. Pithyusa as sister to most per-
ennial species of the section, which all together formed
a polytomy with E. falcata, E. cassialE. gaillardotii and
E. pithyusa. This incongruent phylogenetic placement
strongly suggests that E. normannii is of hybrid origin.
Hybridisation, leading to hybrid origin of species, is not
a rare phenomenon in plants. It can occur at the homoploid
level, i.e. via hybridization not involving whole-genome
duplication and thus no increase in ploidy (e.g. Tzvelev
1992; Rieseberg 1997; Frajman et al. 2009; Abbott et al.
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Fig.4 Typical steppe habitat of Euphorbia normannii near its locus classicus in the Stavropol Heights (above); habit with inflorescence details

(below)

2010; Nieto Feliner et al. 2017). More common is allopoly-
ploidisation, accompanied by multiplication of chromosome
sets (e.g. Rieseberg 1997; Soltis et al. 2009, 2016; Wood
et al. 2009; Husband et al. 2013; Madlung 2013). In combi-
nation with plastid DNA sequences, ITS has often been used
to infer origins of hybrid plant species (e.g. Sang et al. 1995;
Popp et al. 2005; Frajman et al. 2009, 2018; Kuzmanovié
et al. 2017). However, since the homoeologous ITS repeats
in a hybrid often are homogenised towards one of the paren-
tal types by concerted evolution (Wendel et al. 1995), the
inference of hybrid origin is only possible if the homogeni-
sation is directed towards the paternal lineage (Smedmark
and Eriksson 2002; Popp et al. 2005), which was likely the
case in E. normannii. A likely annual member of E. sect.
Mpyrsiniteae thus acted as the paternal parent, and an annual
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member of E. sect. Pithyusa as the maternal parent in the
origin of E. normannii.

The distribution area of E. normannii today lies within
the distribution of E. sect. Pithyusa. The annual E. fal-
cata as well as the perennial E. glareosa Pall. ex M. Bieb.
(sensu stricto, cf. Geltman 2005), E. stepposa 70z ex
Prokh. and E. seguieriana from this section co-occur in the
Stavropol Heights, and E. petrophila C.A. Mey. is found in
their vicinity. The closest localities of the annual E. gail-
lardotii are in Asia Minor (Radcliffe-Smith 1982). On the
other hand, the nearest localities of members of E. sect.
Myrsiniteae are at least 200 to 300 km away, rendering
current hybridization in situ impossible. Perennial E. pon-
tica Prokh. and E. rigida M. Bieb. occur in the north-east-
ern Black Sea coast area, whereas annual E. aleppica has
been reported from a few localities in Transcaucasia and
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Fig.5 Seeds of Euphorbia
normannii (a), E. falcata (b), E.
aleppica (c) and E. gaillardotii

@

Fig.6 Distribution of Euphor-
bia normannii shown on an aer-
ial photography of the Stavropol
Heights (adopted from Google
Earth); in the inset, the position
of the Stavropol Heights in
western Eurasia is indicated

Crimea 400 to 600 km away. However, it is possible that
both sections came in contact in the Stavropol area in the
past, since the distribution of species can change through
time, which was especially evident during the Pleistocene
climatic oscillations and in the face of the Holocene cli-
mate warming (e.g. Hewitt 1999; Petit et al. 2003; Magri
et al. 2007; Schonswetter et al. 2007). Alternatively, it is
either possible that E. normannii originated elsewhere, had
a larger distribution in the past and persisted until today
only in the Stavropol Heights, or, alternatively, that some
other, nowadays extinct, member of the sections Myrsin-
iteae and/or Pithyusa was involved in its origin.

Based on morphological similarity as well as a close
phylogenetic position in the plastid tree and shared
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common splits in the ITS NeighborNet, we suggest that
E. falcata was involved in the origin of or hybridisation
with E. normannii. It is unlikely that perennial species
would have been involved in hybridisation and origin of
E. normannii, as they are morphologically very diver-
gent (see e.g. Frajman and Schonswetter 2017; Frajman
et al. 2019). In the case of E. sect. Myrsiniteae, we can-
not clearly point to the parental species of E. normannii,
given the high morphological dissimilarity of E. aleppica,
but inferred phylogeny (Fig. 1) indicates that both annuals
diverged early in the evolution of the section and obvi-
ously attained very distinct morphology different of that
of perennials (see Pahlevani et al. 2011).
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Without establishing the chromosome number and thus
the ploidy level of E. normannii, it is also impossible to
clearly infer whether it is of homoploid or of allopolyploid
hybrid origin. The RGS data suggest that an allopolyploid
origin is likely, as E. normannii has the highest RGS of all
closely related annual species (Fig. 3). Its RGS is neither
the double of that of E. aleppica nor of E. falcata, likely
due to genome downsizing accompanying the process of
diploidisation following polyploid speciation (Verma and
Rees 1974; Leitch and Bennett 2004; Renny-Byfield et al.
2013). For E. aleppica—as well as for all perennial species
of E. sect. Myrsiniteae—the chromosome number 2n =20
has been established, whereas for E. falcata 2n=14, 16, 28,
32, 36 and for E. gaillardotii 2n=18 have been reported
(Rice et al. 2015, and references therein). Given that poly-
ploid, likely tetraploid, individuals have been reported for
E. falcata, it appears likely that E. falcata participated also
in the allotetraploid origin of E. normannii. A scenario alter-
native to and equally likely as the hybrid origin of E. nor-
mannii is its non-hybrid origin within E. sect. Myrsiniteae
and a later hybridisation with co-occurring E. falcata (or any
other related, now extinct species), from which E. normannii
captured the plastome. Chloroplast capture (Rieseberg and
Soltis 1991; Tsitrone et al. 2003) has been proposed as cause
of discordant nuclear and plastid phylogenies in several plant
groups (e.g. Okuyama et al. 2005; Frajman et al. 2009).

In conclusion, our data indicate that hybridisation was
involved in the evolutionary history of E. normannii, a
stenoendemic species of the Stavropol Heights in Russia,
highlighting the importance of the Caucasus as an impor-
tant biodiversity hotspot and centre of plant endemism. In
particular, it emphasises a high conservation value of the
Stavropol Heights, a small area harbouring six endemic
angiosperms.

Taxonomic treatment

Based on the incongruent phylogenetic position of E. nor-
mannii across plastid and nuclear phylogenies, we could
include this species both in E. sect. Myrsiniteae and in
E. sect. Pithyusa. The absence of bracteoles subtending the
male flowers is one of the main synapomorphies of E. sect.
Mpyrsiniteae (Riina et al. 2013). However, in the cyathia of
E. normannii we found filiform structures, which are very
likely the bracteoles of male flowers. This, along with the
similarity in habit of E. normannii with E. falcata, we
propose its inclusion in E. sect. Pithyusa. We emphasise
the importance of future studies of the internal cyathial
structures and their ontogenetic development in E. subgen.
Esula, along with the evaluation of their taxonomic value.

Euphorbia normannii Schmalh. ex Lipsky in Zap.
Kievsk. Obshch. Estestvoisp. 11(2): 57. 1891. = Tithymalus
normannii (Schmalh. ex Lipsky) Prokh., in Komarov, FI.
URSS, 14: 466, nom. alt.—LECTOTYPE (designated by
Geltman 2000: 103): [Russia, Stavropol Territory], Ryb-
noe Lake, 17 May 1879, 6 Jun 1883, Normann s.n. (KW!).

Description: Glabrous or rarely shortly pubescent annual
10-30 cm high, with solitary, erect or sometimes ascend-
ent stem 5—10 cm high and 0.3-1.5(1.8) mm thick, arising
from a vertical root, usually without axillary vegetative
shoots. Axillary rays 2-8, 2—12(15) cm long, 1-3(4)-times
dichotomous. Cauline leaves with 3 palmate veins, nar-
rowly oblanceolate, entire, at base cuneate, with shortly
acute or obtuse apex, 1.5-3 cm long and 2-4 mm wide,
early deciduous. Ray leaves similar to the cauline leaves.
Terminal rays 2—4, 2.5-6 cm long, 1-3 times dichoto-
mous. Raylet leaves oblong-elliptic to rhombic—elliptic,
sometimes almost falciform, 0.5-1.6 cm long and 3—-5 mm
wide. Cyathium campanulate, ca. 1 X 0.5 mm. Bracteoles
of male flowers filiform. Cyathial glands trapezoid or
oblong-elliptic, 0.5-0.7 X 0.3-0.4 mm, with two tiny horn-
like white appendages ca. 0.1 mm long. Capsule broadly
conical, slightly trilobate, 1.6-2.0x 1.4-1.8 mm. Styles
free, ca. 0.5 mm. Seeds oblong-ovoid, subtetrahedral,
greyish, 1.3—-1.5 mm long and 0.7-1 mm wide, irregu-
larly longitudinally sulcate-foveolate. Caruncle conical
0.2-0.3 mm, early deciduous, and therefore seeds often
appear ecarunculate.

Habitat: Steppes, usually on unstable, moving soil, or open
steppe areas with sparse plant cover (Fig. 4). Sometimes
growing together with E. falcata.

Distribution: Known from four localities in the southern
part of the Stavropol Heights (vicinity of village Tatarka,
village of Temnolesskaya, Lake Rybnoe—Sengileevskoe
reservoir, Prikalaus Hills close to Aleksandrovskoe) and
from the vicinity of the town of Nevinnomyssk south of the
Stavropol Heights (Fig. 6).

Conservation status: Following criterion D for vulnerable
species of the [TUCN (2012) Red List categories, i.e. popula-
tion size estimated to number fewer than 1000 mature indi-
viduals with a very restricted area of occupancy, we deem
E. normannii vulnerable (VU) based on the current knowl-
edge of its distribution.

Additional specimens studied: Russia, Stavropol Territory:
Shpakovsky District, vicinity of Tatarka, 44° 55" 46.3" N,
41° 54' 30.1" E, slope of small depression amongst steppe
vegetation, plot with sparse herb cover, 321 m a. s. 1., 19
Jun 2015, Geltman 235 (LE 01057241, 01057242); south of
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Tatarka (vicinity of Stavropol), valley of the river Egorlyk,
on slope, 7 Aug 1949, I.V. Novopokrovsky, A.l. Pojarkova
296, 296a (LE 01057243, 01057247); In vicinia opp. Stau-
ropolis, ripa lacus Sengilejevski (v. Rybnoje), in glareosis,
28 Jul 1949, E. Bobrov, Ja. Prokhanov s.n. (LE 01057244,
01057245 MW 0690362); Kuban province, Nevinnomyss-
kaya, close to the camp near the river Kuban, 26 Jun 1890,
V. Lipsky s.n. (LE 01057246); Nevinnomysskaya, along
the river Kuban, 3 Jun 1892, V. Lipsky s.n. (LE 01057248-
01057253); Nevinnomysskaya, Rycheyv hill, 9 Jul 1932, [V.A.
Arsenyev] s.n. (MW 0690361); Temnolesskaya, 2000" 17
Jun 1889, I.Ya. Akinfiev s.n. (LE 01057254, 01057255); Pri-
kalaus Heights, 12—-15 km NWW from Aleksandrovskoye,
Artemisia - Festuca valesiaca steppes on slightly saline
slopes and bottoms of a ravine, 29 Jun 1988, Geltman et al.
2050 (LE 01057256).

Information on Electronic Supplementary Mate-
rial

Online Resource 1. Studied populations of Euphorbia normannii and
related Euphorbia species, including voucher information, GenBank
numbers and relative genome size (RGS) data.

Online Resource 2. Alignment of ITS sequences used in this study. Ac-
cession names are complemented with GenBank numbers and their
voucher data available in Online Resource 1.

Online Resource 3. Alignment of plastid trnT—trnF sequences used in
this study. Accession names are complemented with GenBank num-
bers and their voucher data available in Online Resource 1.

Online Resource 4. Herbarium specimens of Euphorbia aleppica,
E falcata, E gaillardotii and E normannii (all deposited at LE), show-
ing morphological differences among the species.
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