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ABSTRACT

Since its first valid description by Linnaeus in 1753, the genus Delphinium L. has undergone numerous
taxonomical changes that we synthesize here. The knowledge of the taxonomic history of the genus
is essential to clarify its circumscription. For this purpose, we outline its pre-Linnaean taxonomic
history, from Dioscorides’ translated works dating back to the 16th century to Tournefort’s classifica-
tion in 1694. Regarding its post-Linnaean history, we discuss the three different lectotypifications
proposed during in the 20t century. In addition, we amend the description of the typical flower of
Delphinium by including the characteristics of the species D. ecalcaratum S.Y. Wang & K.E. Zhou
and D. turcicum (H.Duman, Vural, Ayta¢ & Adigiizel) Espinosa with actinomorphic flowers.

RESUME

Note historique sur la taxonomie du genre Delphinium L. (Ranunculaceae) et amendement de la des-
cription de la morphologie florale.

Depuis la premiére description valide du genre Delphinium L. en 1753 par Linné, celui-ci a subi de
nombreuses modifications taxonomiques, dont la synthese est proposée ici. Une connaissance de
I’histoire taxonomique du genre est essentielle pour sa définition actuelle. Pour cela, d’une part, nous
déraillons son histoire pré-linnéenne, depuis les traductions de Dioscoride datant du xvie siecle jusqu'a
la classification de Tournefort en 1694. Nous présentons ensuite un historique de la taxonomie post-
linnéenne du genre, en discutant les trois lectotypifications proposées au cours du xxe siécle. Nous
exposons enfin sa taxonomie actuelle. D’autre part, nous amendons la description de sa fleur typique
eny incluant les caractéristiques des especes a fleurs actinomorphes D. ecalcaratum S.Y. Wang & K.E.

zygomorphie,
actinomorphie.

INTRODUCTION

Dating back to the ancient Greeks, the term ‘Delphinium’ was
used in the first botanical treaties to refer to a Mediterranean
group of plants. Today, this botanical name refers to a genus
formed of approximately 350 species distributed in the Northern
Hemisphere and tropical African montains (Wang & Warnock
2001; Jabbour & Renner 2012a; Chartier ez al. 2016). Over its
long history, the genus has undergone numerous changes in its
intrageneric composition and classification. These taxonomi-
cal reorganizations led to confusions in typification (Warnock
1993; Blanché ez al. 1997). The knowledge of the taxonomical
history of the genus is essential to clarify its circumscription
and making a correct classification. In this context, the aim of
this article is to outline the pre-Linnaean taxonomic history of
the genus Delphinium, to discuss the three different lectotypi-
fications proposed during the 20th century and to amend the
description of its typical flower.

PRE-LINNAEAN HISTORY OF THE GENUS
DELPHINIUM L.

The first reference to the name ‘Delphinium’ (in this article,
pre-Linnean Latin botanical names are written between invert-
ed commas) is found in the work of Dioscorides De Materia
Medica, whom we became aware of thanks to anonymous Arab,
Greek and Latin manuscripts from the 5thand the 6th centuries,
and printed translations of the 16th century (Ruel 1527: 100;
1529: 180; Matthioli 1554: 367; 1565: 781; Laguna 1555:
318 (‘Delphinio’ in Spanish); Mathée 1559: 286). The name
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Zhou et D. turcicun (H.Duman, Vural, Aytag & Adigiizel) Espinosa.

is given to plants presenting long, thin and dissected leaves re-
sembling dolphins (from the Greek SeAdiviov, [delphinion]). In
these translations, confusion between the leaves and the floral
parts is unlikely, because the vegetative and the reproductive
parts of the plant are described separately. However (see below),
a more recent translation compares the flower to a dolphin.
Some works from the same century, very probably influenced
by Dioscorides’ translations, also include the name ‘Delphini-
um’ (Dodoens 1554: 202; 1557:123). A more detailed survey
of the various Greek and Latin versions of Dioscorides’ work
may be necessary to trace a possible evolution in the name.
Anyhow, Wellmann’s edition (Wellmann 19006) provides the
following text:

II1.73.1 “Gehdiviov- of 8¢ Siayvtog, of 8¢ didyvag, of 8%
TepaAVaLs, of 88 Kauuapog, of 0t datvBog, ol 8t Ddal- pov, of
Ot dpoig, of 8% deAdividg, of 8t Njpetov, of 88 Nypeid- Stov, of
Ot coavdpov, of 0t Kpdviov, Pwpaior fovkivoug pivop. khave
Gvinat diomBeypaiovg | xal petlovag amd wag pilng, mept odg
duNAdpla éeoyoutve, heTTd, Emuunin, SehdLvoetdi, 80ev kel
wvdpaotor dvBog 8¢ bpotov hevkolw, dumdpdvpov, omépua &v
Aofols kéyypw eudepéc.

2 tobtov T omépua Bondel mobév b olvey axopmiomAKTOL
g 00OV ETepov- daol 8t kal Todg okopTiovg TapaTedeiong
Tijg oo TeLpetAdeaBal ApdrTovg TE kel vapkmdels yiveatou,
Doupovuvng 8¢ &g 6 adTd kaBeoTdvon. leTa v Tpaytay
el ednhiolg ywplote.

Sehdtviov Eepov- ol Ot HakvBov, Pwpaiol fovkivous: kal ciotd
EudEPEG TG) PO et ToD, Tolg Ot PUAIG kel Tolg Khwviols ioyvéTepoy
ToNAD, SUvepy Exov kel adTO THY adTHY T¢Q) TPoELpUEVEY, 0TY
obtawg 8¢ évepyés.” (Wellmann 1906: 84).
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Fic. 1. — lllustrations showing speciment of Consolida (DC.) Gray with other names than ‘Consolida’ or ‘Delphinium’, reproduced from: A, Bourdichon (1505-
1510: 35); B, Fuchs (1542: 27); C, Fuchs (1543: 15); D, Matthioli (1554: 357); E, Laguna (1555: 308); F, Matthioli (1565: 760). A, Plant called by the vernacular
French name ‘Jalousie’; B, Plant named by the erroneous name ‘Chamaemelum eranthemon’ and B, C, by the vernacular German name ‘Rittersporn’ still in use;

D-F, Plants are named by the erroneous name ‘Cuminum syl. alternum’.

Which translates as: “Delphinion [some call it Diachysis,
other Diachytos, Paralysis, Kamaros, Hyakinthos, Delphini-
os, Nerion, Neriadion, Sosandron, Kronion, the Romans
Bucinus minor] leaves are incised, tender, and elongated,
and are borne on several stems arising from a single root.
The purple flower looks like the flower of Matthiola and
has a dolphin-like shape, whence the name. The seeds sit in
capsules and are similar to millet seeds. Ingested with wine,
they help against scorpion’s sting like no other remedy. It
is also said that the scorpions get paralyzed when getting
close from the plant. It grows in harsh and sunny spots”
(Wellmann 1906).

ADANSONIA, sér. 3 » 2021 © 43 (2)

Interestingly, in the Natural History of Pliny the Elder, plants
corresponding to ‘Delphinium’ sensu Dioscorides appear under
the name ‘Hyacintum’ (Gaius Plinus Secundus 1850: 537). There
is no description of the plant, but the medicinal uses mentioned
for ‘Hyacintum’ are the same as those described by Dioscorides
for ‘Delphiniun’. Additionally, some works dating back to the
16t century include illustrations showing specimen of Con-
solida (DC.) Gray, now included in Delphinium L. (Jabbour &
Renner 2011a), associated with other names than ‘Consolida
or ‘Delphinium’ . Some of these vernacular names are ‘Jalousie’,
a French word used in olden days to refer to Consolida (DC.)
Gray (Bourdichon 1505-1510: 35; Fig. 1A) or ‘Rittersporn’, a
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German word still currendy referring to Delphinium L. plants
(Fuchs 1542: 27; 1543: 15, Fig. 1B, C). Other names, once
used to refer to larkspurs, actually correspond to other genera
showing vegetative characteristics similar to those of Consolida,
such as thin and finely dissected leaves: ‘Chamaemelum eran-
themon’ (Fuchs 1542: 27, Fig. 1B), or in some translations of
De Materia Medica, ‘Cuminum syl. alternun’ (Matthioli 1554:
357; 1565: 760; Laguna 1555: 308; Fig. 1D-F). These names,
corresponding to non-universal or artificial classifications, had
been withdrawn in the last centuries.

In the first half of the 17t century, Bauhin proposed a
group called ‘Consolida regalis based on the name given
by the ‘ancient authors’ (sic) (Bauhin 1623: 141). In this
group, he included the ‘Hyacintum’ sensu Pliny the Elder
and ‘Delphinium’ sensu Dioscorides (Bauhin 1623: 141).
Conversely, at the end of the same century, Tournefort
(1694: 338) resurrected the name ‘Delphinium’, considering
‘Consolida regalis sensu Bauhin as synonym. Additionally,
he suggested not to use Bauhin’s ‘Consolida regalis’ to avoid
any confusion with the groups ‘Consolida major’, ‘media’
and ‘minor’ (Tournefort 1694: 338). Tournefort explained
that flower buds looked like the representations of dolphins
made by painters (Tournefort 1694: 338). He described ‘Del-
phinium’ flowers as having a pentamerous dorsally-spurred
calyx and a capsule with three separate cavities (Tournefort
1694: 338). All these changes of name and circumscription
of this group of plants in pre-Linnaean classifications already
highlight the complexity of its morphology and the difficulty
to disentangle its taxonomy.

A BRIEF MODERN TAXONOMIC HISTORY
OF THE GENUS DELPHINIUM L. AND ITS
INTRAGENERIC CLASSIFICATION

The first valid publication of the name Delphinium was made
by Linnaeus (1753: 530). He placed the genus into the group
called “Polyandria trigynia”, which is characterized by an
androecium with numerous stamens and a gynoecium with
three carpels, although this group also included species with
a single carpel in Delphinium. Back then, the genus consisted
of six species: D. consolida L., D. ajacis L., D. peregrinum L.,
D. grandiflorum L., D. elatum L., and D. staphisagria L.

In 1818, de Candolle (1818: 341) proposed an infrageneric
classification of Delphinium L. where the genus was divided
into four sections, one of which was called sect. Consolida DC.,
including D. consolida L. Three years later, Gray (1821: 711)
raised sect. Consolida to generic status (Consolida (Brunfels)
Gray) including D. consolida L. However, Spach (1839: 355)
still adopted a broad Delphinium (L.) Spach that included
D. consolida L. (Spach 1839: 355), but placed the species
D. aconitii L. into another monospecific genus Aconitella
Spach (1839:358).

Huth (1895) retained the name Delphinium L. for the genus
and further split it into two subgenera: subg. Consolida (DC.)
Gray and subg. Eudelphinium Huth. This classification was
acknowledged by Dalla Torre & Harms (1901: 165).

12

Linnaeus did not assign any holotype for the genus Del-
phinium. This missing information led to major taxonomic
controversy during the 20th century, urging the need for
lectotypification.

THREE LECTOTYPIFICATIONS
FOR A SINGLE GENUS NAME

Following the automatic typification of the American Code,
Britton & Brown (1913: 84) proposed the first typifica-
tion of Delphinium L., choosing the species listed first in
the protologue: D. consolida L. (type: LINN 694.1 [htep://
linnean-online.org/6495/], Fig. 1A). However, in 1914,
Nieuwland noted that D. consolida L., with a single carpel
and a single petal (Fig. 2al-a3), was standing apart from
the rest of Delphinium L. He therefore decided to distribute
the species among three different genera, namely Delphi-
nastrum Spach, Delphinium L. and Consolida (DC.) Gray.
He proposed a new lectotype for Delphinium L.: the type
specimen of D. peregrinum L. (BM-000628786; Fig. 1B).
This proposition was followed by Hitchcock & Green
(1929). Pawtowski (1963; 1964) and Davis e al. (1965)
also approved Delphinium L. and Consolida (DC.) Gray as
distinct genera. In accordance with this classification, Munz
(1967) also accepted the type of D. peregrinum L. (Fig. 2A)
as type of Delphinium L.

The typification project of Linnean generic names favoured
the selection of D. peregrinum L. as type species (Jarvis 1992)
because, as Jarvis (1992) explained, the earlier adoption of
a specimen of D. consolida L. (Fig. 2A) as type of the genus
Delphinium L. may imply to make the combinations of all
the species of Consolida (DC.) Gray using the name De/-
phinium L., and to find another generic name for the group
Delphinium sensu stricto. He concluded that the lectotypifica-
tion of D. peregrinum L. (Fig. 2B) was in agreement with the
taxonomy of his time (Jarvis 1992). However, considering the
genus Consolida (DC.) Gray, and anticipating the probable
adoption of the sections Delphinellum and Staphysagria as
new genera, Warnock (1993) decided to revise the typifica-
tion of the genus and proposed as type of the genus name a
specimen of D. elatum L. (S09-28218; Fig. 2C) providing,
according to him, “the greatest nomenclature stability”.
However, this proposal was rejected during the nomencla-
ture section held at the XV International Botanical Congress
Tokyo (1993) (votes 4:8 [not recommended]) (Greuter ez
al. 1994; Brummitt 1995). Blanché ez 2/. (1997) considered
the second lectotypification (based on D. peregrinum L.) as
the “traditional” typification.

Today, according to the Code and in agreement with
Art. 10.5 (Turland e /. 2018), the valid lectotype of Del-
phinium L. is the specimen of D. peregrinum (Fig. 2B). In
the Code, although Heath (1990) proposed the deletion of
this example, the lectotypification of Delphinium L. using
the specimen of D. consolida L. continues to be cited as a
case of typification following the American code, later sup-
planted by a formal typification.

ADANSONIA, sér. 3 » 2021 ¢ 43 (2)
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Fic. 2. — Photographs and drawings of flowers from herbarium specimens used for lectotypifying of the genus Delphinium L. or showing a peloric floral organiza-
tion: A, a1, Consolida regalis Gray (LINN 694.1); B, b1, Delphinium peregrinum L. (BM-000628786); C, c1, D. elatum (S09-28218); D, d1, D. turcicum (H. Duman,
Vural, Ayta¢ & Adiglizel) Espinosa (P04021863). Floral diagrams and formulae of: a2, a3, Consolida regalis; b2, b3, D. peregrinum; ¢2, €3, D. elatum; d2, d3, D.
turcicum. Dark green, peduncle or receptacle, bract and bracteoles; violet, sepals; blue, petals; yellow cream colour, tepals; yellow, stamens; light green, car-

pels. Scale basr: 1 cm.
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CURRENT TAXONOMY
OF THE GENUS DELPHINIUM L.

To better understand the taxonomy of Delphinium L. and
based on seed morphology, Malyutin (1987) divided the ge-
nus Delphinium L. into subg. Staphisagria (]J. Hill) Peterm.
and subg. Delphinium, and further divided the latter one in
sect. Anthriscifolium Wang and sect. Delphinium (confirming
Wang’s (1979) classification for this subgenus). This classi-
fication was supported by a combination of morphological
and cytological characters (Blanché 1990). Later, based on
breeding systems, pollination ecology, cytology and isozyme
variations, he proposed the division of the sect. Delphinium
into four series Cossoniana C. Blanché, Molero & P. Simon,
Balansae C. Blanché, Molero & P. Simon, Macropetala C.
Blanché, Molero & P. Simon and Halterata B. Pawl. (Blanché
et al. 1997). Integrating the results of molecular data, Jensen
et al. (1995) placed Delphinium L. together with Consolida
(DC.) Gray and Aconitum L. in the subtribe Delphiniinae
Benth. (Delphinieae Warm., Ranunculoideae Hutch). Using
65 morphological characters combined with four plastid and
nuclear DNA sequence data, Wang e# a/. (2009) placed the
genera Delphinium L., Consolida (DC.) Gray and Aconitum
L. within the tribe Delphinieae. Through a morphological
analysis, Trifonova (1990) proposed to consider Consolida
(DC.) Gray and Aconitella Spach as different genera based
on morphological characters. However, this was challenged
by Jabbour & Renner (2011a) who found that both genera
were nested within Delphinium L. using molecular data and a
large taxon sampling, leading them to proposed an extended
genus Delphinium L. including both Consolida (DC.) Gray
and Aconitella Spach. Based on the results of a molecular
phylogenetic analysis, they decided to resurrect the genus
Staphisagria ]. Hill, including D. staphisagria L. (Jabbour &
Renner 2011b). They recognized three genera in the tribe
Delphinieae: Delphinium L., Aconitum L. and Staphisagria].
Hill. (Jabbour & Renner 2012a). The genus Aconitum L. was
further split into Aconitum L. sensu stricto and the monotypic
Gymnaconitum (Stapf.) Rapaics (Wang ez al. 2013).

DESCRIPTION OF THE TYPICAL DELPHINIUM
FLOWER

As seen in the above section, the genus Delphinium sensu laro
(Jabbour & Renner 2011a) belongs to the tribe Delphinieae
Warm. (Ranunculoideae Hutch, Ranunculaceae Juss.). This
tribe is the only clade within the family Ranunculaceae with
fowers that are bilaterally symmetrical.

Based on flowers of D. peregrinum L. (Fig. 2B-b3), Del-
phinium typical flowers are composed of four categories of
organs: sepals and petals composing the perianth (the diversity
of terms used in the bibliography of these organs is reviewed
in Jabbour & Renner 2012b), and the two types of sexual
organs, stamens and carpels (Blanché 1990; Fig. 2B-b3).
From outside in, there are five free petaloid sepals quincun-
cially arranged: two ventral, two lateral and a spurred dorsal
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one, four free petals located in the dorsal half of the flower:
two dorsal organs forming nectariferous spurs inserted into
the spur of the dorsal sepal and with an exserted limb, and
two lateral organs with a wide limb and a narrow claw. The
other petals (corresponding to four ventral primordia) stop
developing shortly after organogenesis (Payer 1857; Jabbour &
Renner 2012b). The stamens are arranged in eight spiral
series, and the gynoecium is composed of 3(-5) free carpels
(Pawlowski 1964) turning into follicles after fertilization. In
Delphinium, bilateral symmetry is established through two
phenomena: 1) the development of dorsal spurs; and 2) the
arrested development of the ventral petals (Jabbour ez a/. 2009).

However, as mentioned earlier (see Current taxonomy of
the genus), the genus Delphinium L. includes species with
floral morphological particularities that should be included
in the description of Delphinium L. flowers. These exceptions
will be presented in detail in the next section.

AMENDING DELPHINIUM DESCRIPTION
TO ACCOUNT FOR EXCEPTIONS IN FLORAL
MORPHOLOGY

The inclusion of Consolida (DC.) Gray into Delphinium L.
(Jabbour & Renner 2011a) implies an extension of the floral
typical character states of the genus. The perianth of Consolida
(DC.) Gray is bilaterally symmetrical and is composed of
five petaloid sepals which arrangement and morphological
characteristics are identical to those of Delphinium L. se-
pals. However, the inner perianth organs of Consolida (DC.)
Gray consist of only two fused dorsal petals forming a single
organ with a nectariferous spur inserted into the sepal spur
(Fig. 2A-a3). The other petals (in this case six primordia) stop
developing shortly after initiation (Jabbour & Renner 2012b).
Consolida (DC.) Gray flowers are bisexual, with five spirals
of stamens, three less than the typical Delphinium L. flowers
and, a single carpel, as opposed to the three carpels of the
Delphinium typical gynoecium (Pawlowski 1964). Consolida
(DC.) Gray flowers exemplify a case of reduction in floral
organ numbers (petals, stamens and carpels) compared to
the typical Delphinium L. lowers (Fig. 2A-a3).

Recently, Vural ez al. (2012) described a new genus named
Pseudodelphinium H.Duman, Vural, Ayta¢ & Adigiizel,
including the single species Pseudodelphinium turcicum
H.Duman, Vural, Ayta¢ & Adigiizel. The description of this
new species is based on a single population reported since
1997 in central Turkey. Plants of this species are herbaceous
with radially symmetrical flowers presenting a perianth
composed of five tepals (corresponding to petaloid sepals
but considered as petals by the authors), numerous stamens,
and three free carpels turning into follicles (Fig. 2D-d3). The
authors noted its probable taxonomic affinity with the genus
Delphinium L., but chose to establish a new genus based
on the morphological particularities of the single popula-
tion (no dorsal spurs, radial symmetry, perianth composed
of a single type of organs) they decided to establish a new
genus. Later, the genus was placed in Delphinium L. subg.
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Fig. 3. — A, Flower drawing of Chienia honanensis W.T. Wang (modified from Wang [1964]); B, Chienia honanensis specimen [PE00026940] housed at PE herbar-
ium (there are no scales on the original drawing and on the image of the original specimen); C, D, D. grandiflorum L. specimens [PE00477116 and PE00477117
respectively] housed at PE herbarium collected in the same province and the same year as the Chienia honanensis specimen and with which it matches mor-
phologically speaking, excepted that PE00026940 specimen would show a teratological form of the floral structure.
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Delphinium by Xiang et al. (2017) based on molecular data.
Espinosa ez al. (2017) found that in this species the perianth
is exclusively composed of sepals, while petals seems to stop
their development at a very early stage. By integrating lines
of evidence from morphology, anatomy, palynology, and
molecular phylogeny they further supported its inclusion
in Delphinium L. and proposed the new combination Del-
phinium turcicun (H. Duman, Vural, Ayta¢ & Adigiizel)
Espinosa (Espinosa er al. 2017). Floral characteristics of
this species are very similar to those of the Chinese species
D. ecalcaratum S.Y. Wang & K.E Zhou presenting spurless
actinomorphic flowers with an uniseriate perianth. Flow-
ers of this species include fewer stamens than D. rurcicum
(H. Duman, Vural, Ayta¢ & Adigiizel) Espinosa (5 vs 15
respectively) but one additional carpel (Ding ez al. 1981).

W. T. Wang (1964) published the new species Chienia
honanensis W.T. Wang (Ranunculaceae), based on a single
specimen bearing flowers with bilateral symmetry and a
biseriate perianth. Calyx is composed by 5 free petaloid
sepals quincuncially arranged and there are 5(-6) W2
organs, all in the dorsal half of the flower (Fig. 3A). The
flowers present numerous stamens and the gynoecium is
composed of three free carpels turning into follicles. Even
if the author recognized the proximity of C. honanensis
with the genus Delphinium, the higher number of petals
(5-6 vs 4 in the typical Delphinium flower; Fig. 2b3, 3A)
and the absence of dorsal spurs led him to propose the new
genus Chienia W.T. Wang (Wang 1964). The species was
later considered as based on a single teratological specimen
of Delphinium grandiflorum L. by Warnock (1993). The
vegetative parts of this specimen, conserved at PE (htep://
www.cvh.ac.cn/cvh6/view/spms/info.php?id=cb003d8d,
Fig. 3B) match vegetatively with a specimen of Delphinium
grandiflorum L. collected in the same province in the
same year (http://www.cvh.ac.cn/cvh6/view/spms/info.
php?id=cef539df and http://www.cvh.ac.cn/cvh6/view/
spms/info.php?id=cef53a7c; Fig. 3B, C). Since the floral
organization observed on the type material of the Chienia
honanensis appears to be restricted to a single individual,
and was apparently not transferred to progeny (no other
collection exists, leading to the assumption that no per-
manent population ever occurred), we consider this as a
non-heritable teratological variation, unable to be fixed
in a population. Such teratological variation may occur
in selected horticultural plants but it is not usual to in-
clude such variation in the description of the common
morphology of a genus.

Thus, as far as floral morphology is concerned, and con-
sidering that the former genus Consolida (DC.) Gray is now
included in Delphinium L., we state that the Delphinium
flower is zygomorphic and characterized by a perianth con-
sisting of five spirally-initiated sepals (the dorsal one being
spurred) and four (two lateral, two dorsal spurred) or one
(spurred) petals, all in the dorsal half of the flower. The
spurred dorsal petals are nectariferous, and their spurs are
nested within the spur of the dorsal sepal. The gynoecium
consists of a single carpel, or 3(5) carpels. The description of
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D. ecalcaratum (Ding et al. 1981) and the recent inclusion
of Delphinium turcicum (Fig. 1D, d) into the genus Del-
phinium L. (Espinosa er al. 2017; Xiang et al. 2017) imply
to amend the description of the genus, to indicate that there
are exceptions to the typical floral morphology. The major
diagnostic floral characters of D. ecalcaratum and D. turcicum
are: 1) radial symmetry; 2) uniseriate perianth composed of
tepals; and 3) the absence of spurs. More analyses relying
on herbarium material and particularly living material are
needed to better understand the origin of the morphological
deviations. Regarding Delphinium turcicum, having access to
seeds of this species would allow us to conduct a karyologi-
cal analysis in order to identify possible recent hybridization
events, and testing the stability of the phenotype on other
substrates, as the only known population of this species grows
in the basin of the hypersaline lake Tuz Gélii, known for
high levels of plant endemism (Yaprak & Tug 2009; Vural
et al. 2012; Espinosa et al. 2017; Xiang et al. 2017).
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