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1. Introduction
The genera Paracaryum Boiss. and Mattiastrum (Boiss.) 
Brand are members of subtribe Cynoglossinae Dumort 
(Chacón et al., 2016). Both genera have been accepted 
under various combinations and statuses in the literature, 
including genus, subgenus, and section (De Candolle, 1846; 
Boissier, 1849; Brand, 1915; Mill, 1977). In fact, Greuter 
(1981) reduced them all to synonyms under Cynoglossum 
L. Currently, these two taxa are accepted as separate genera 
(Chacón et al., 2016; Pourghorban et al., 2020). There are 36 
species classified under Mattiastrum1 and 29 species under 
Paracaryum2. However, phylogenetic studies have shown 
that whether called Paracaryum or Mattiastrum, none of the 
examined taxa form monophyletic clades, either together or 
1POWO (2024a) onward (continuously updated). Mattiastrum. Plants of World Online. Kew Royal Botanical Garden [online]. Website https://powo.
science.kew.org/taxon/urn:lsid:ipni.org:names:4673-1. [accessed 12 02 2024].
2POWO (2024b) onward (continuously updated). Paracaryum. Plants of World Online. Kew Royal Botanical Garden [online]. Website https://powo.
science.kew.org/taxon/urn:lsid:ipni.org:names:4727-1. [accessed 12 02 2024].

separately (Weigend et al., 2013; Cohen, 2014; Chacón et al., 
2016; Pourghorban et al., 2020). According to Pourghorban 
et al. (2020), Mattiastrum, Solenanthus Ledeb., Rindera 
Pall., Trachelanthus Kunze, Paracaryum, and some species 
of Cynoglossum and Lindelofia Lehm. collectively form a 
moderately supported clade III, along with clade IV which 
includes all studied Mattiastrum species, all Paracaryum 
species, and all Rindera species except R. tetraspis Pall. 
Species within these genera are nested together. Surprisingly, 
R. tetraspis occurs far from clade IV, in a sister position to 
Trachelanthus hissaricus Lipsky and Solenanthus karateginus 
Lipsky, although it has broadly winged and smooth-surfaced 
nutlets (clade IIIA). This clade lacks support from any 
morphological synapomorphy (Pourghorban et al., 2020).
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These two genera are distributed from the East Aegean 
Islands and Anatolia to West Himalaya1,2. In neighboring 
countries such as Russia, Iran, Syria, and Palestine, there 
are 9, 42, and 3 species of Paracaryum/Mattiastrum, 
respectively (Shishkin, 1953; Mouterde, 1966; Rechinger, 
1967). In Türkiye, there are 31 taxa belonging to Paracaryum 
(Mill, 1978; Doğru-Koca, 2012). According to Mill (1978), 
the genus Paracaryum is divided into three subgenera: 
Mattiastrum, Modestomattiastrum (Brand) R. Mill, and 
Paracaryum. Subgenus Paracaryum have nutlets with 
strongly incurved wings, while the other two subgenera 
have flat-winged nutlets. These taxa (subgen. Mattiastrum 
& subgen. Modestomattiastrum) are divided based on the 
morphology of the inside of the corolla. Taxa with scales 
longer than broad and anthers situated above the scales 
belong to the subgen. Mattiastrum, while taxa with scales 
approximately equal or broader than long belong to the 
subgen. Modestomattiastrum (Mill, 1978). Recently, two 
new Paracaryum and a new Mattiastrum species were 
described (P. bingoelianum Behçet & İlçim, P. leventshikii 
Yıldırımlı, M. turcicum Hamzaoğlu) from Türkiye (Behçet 
and İlçim, 2015; Yıldırımlı, 2018; Hamzaoğlu and Özbek, 
2022). P. bingoelianum and M. turcicum belong to the 
subgen. Modestomattiastrum, while P. leventshikii is a 
member of the subgen. Mattiastrum.

During various field trips with different purposes, 
two unidentified populations were collected from 
Pülümür, a district of Tunceli. After morphological and 
phylogenetical studies, these populations have been 
described as a new species within the genus Mattiastrum. 
Herein, the description of the new species, its distribution, 
and phylogenetic situation are provided.

2. Materials and methods
2.1. Sampling
The examined specimens belonging to the new species and 
closely related species are stored in Hacettepe University 
Herbarium (HUB). In addition, many herbarium 
specimens were examined in herbaria HUB, GAZI, ANK, 
ISTE, ISTF, G, P, E, K. For identification, several materials 
were examined (Mill, 1978; Koca, 2009; Rechinger, 1967). 
For the morphological terminology, Mill (1978) was 
followed. 
2.2. Molecular studies and phylogenetic analysis
Genomic DNA from the populations of the new species, 
Mattiastrum corymbiforme (DC.) Brand, M. incanum 
(Ledeb.) Brand, M. calycinum (Boiss. & Balanasa) Brand, 
Paracaryum hedgei Aytaç & R.R. Mill and M. longipes 
(Boiss.) Brand was extracted using a Qiagen DNeasy Plant 
Mini Kit (Hilden, Germany; Cat No: 69196) according to 
the modified manufacturer’s instructions. Primers and 
PCR conditions were used as described by Pourghorban et 
al. (2020). The data set was mainly generated from the data 

set in Pourghorban et al. (2020), but additional sequences 
were added. The outgroup was selected following 
Pourghorban et al. (2020). All DNA sequences used 
were obtained from GenBank. Their accession numbers 
are given at the end of the trees (Figures 1 and 2). The 
sequences were aligned using MAFFT v.7 (Katoh et al., 
2019). Evolutionary substitution models were calculated 
in JModelTest v.2.1.7 (Guindon and Gascuel, 2003; 
Darriba et al., 2012) as K81uf+gamma for chloroplasts and 
TIM2+gamma for ITS. Maximum likelihood analysis and 
Bayesian inference were inferred using raxmlGUI v.4.0b08 
with 100 runs and 1000 bootstrap replicates (Silvestro, 
2012; Stamatakis, 2014) and MrBayes v.3.2.7a (Ronquist 
et al., 2012) with 10 million generations, respectively. The 
ESS values in the log files were checked using Tracer v.1.7 
(Rambaut et al., 2018). The bootstrap values obtained 
from maximum likelihood analysis were added near the 
posterior probabilities. 

3. Results
3.1. Phylogenetic relationships
Tree topologies derived from Bayesian inference of 
combined chloroplast (rps16+trnL+trnL-trnF) and ITS 
are shown in Figures 1 and 2, respectively. According to 
the phylogenetic tree based on the combined chloroplast 
data set, the first-time studied species Mattiastrum 
calycinum, P. hedgei, M. longipes, and M. incanum form a 
moderately supported clade (PP=0.63) (Figure 1, clade A), 
together with M. cappadocicum (Boiss. & Balanasa) Brand, 
M. cristatum (Schreb.) Brand, M. racemosum (Schreb.) 
Brand, P. ancyritanum Boiss. and M. laxiflorum (Trautv.) 
Czerep. Within clade A, there is a subclade containing M. 
longipes, M. calycinum, P. hedgei, and both populations 
of M. pulumurense (PP=0.61 BS=83) (Figure 1, clade 
B). According to the phylogenetic hypothesis based on 
the ITS data set, Mattiastrum calycinum, P. hedgei, M. 
longipes and M. corymbiforme form a strongly supported 
clade (PP=0.98) with M. cappadocicum, M. cristatum, 
M. lithospermifolium (Lam.) Brand, M. laxiflorum, M. 
racemosum, and P. ancyritanum (Figure 2, clade A). 
However, this clade does not occur in maximum likelihood 
analysis. Mattiastrum pulumurense is placed as a sister to 
the Rindera tetraspis populations (Figure 2, clade B).
3.2. Morphological examinations
According to Mill (1978), the morphological characteristics 
of the new species indicate that it belongs to the subgenus 
Mattiastrum (now accepted as the genus Mattiastrum) of 
the genus Paracaryum. This is because it has flat-winged 
nutlets, corolla scales that are longer than broad, and 
a style that extends from the calyx. The closely related 
species are thus established as M. racemosum, P. hedgei, 
M. incanum, M. corymbiforme, M. longipes, M. aucheri, 
M. calycinum, M. ancyritanum, and M. paphlagonicum. 
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Figure 1. The Bayesian inference hypothesis based on the combined chloroplast data set 
(rps16 and trnL genes, trnL-trnF intergenic spacer). Bootstrap branch support values derived 
from maximum likelihood analysis were added near the posterior probability on the branches. 



DOĞRU KOCA et al. / Turk J Bot

185

0.03

Rindera regia LC625928

Cynoglossum montanum KU927694 

Microparacaryum intermedium f. stellatum MN720419

Cynoglossum kandavanense LC410065

Paracaryum rugulosum MN720430

Rindera lanata MN720434

Lindelofia longiflora KP027115

Paracynoglossum lanceolatum KU927692

Lindelofia longiflora KU927729

Paracaryum hedgei (ADK 3149) PP744629

Rindera schlumbergeri KU927778

Solenanthus turkestanicus KF849136

Cynoglossum columnae KU927688

Microparacaryum intermedium f. intermedium MN720415

Solenanthus circinatus MN720437
Solenanthus circinatus MN720436

Mattiastrum longipes (ADK 3153) PP744630
Mattiastrum corymbiforme (ADK 3286) PP744632

Bothriospermum chinense KU927659

Rindera lanata MN720435

Lindelofia stylosa JX976809

Mattiastrum crista-galli MN720407
Mattiastrum pygmaeum MN720411

Cynoglossum troodi KU927700

Mattiastrum lithospermifolium KU927733

Lindelofia anchusoides KF849146

Cynoglossum clandestinum KU927686
Cynoglossum watieri FR715321

Cynoglossum germanicum KU927691

Rindera graeca KF849132

Paracaryum rugulosum MN720429

Cynoglossum creticum MN720405

Cynoglossum magellense KU927693

Paracaryum platycalyx MN720428

Cynoglossum javanicum KF287967

Suchtelenia calycina KU927785

Rindera caespitosa KF849134

Cynoglossum amplifolium KU927684

Microparacaryum intermedium f. paracaryoides MN720417

Mattiastrum cappadocicum KU927765

Mattiastrum ancyritanum KU927764

Lappula myosotis JX976789

Paracaryum persicum MN720426

Cynoglossum amabile KU927682

Cynoglossum australe KF849126

Paracaryum strictum MN720432

Lindelofia longiflora KF287983

Cynoglossum sphacioticum KU927698

Mattiastrum racemosum KU927766

Cynoglossum amabile KU927683

Rindera tetraspis KU927779

Cynoglossum creticum KU927689

Hackelia deflexa KU927716

Solenanthus apenninus KU927783

Trachelanthus cerinthoides KU927789

Cynoglossum australe KU927685

Lepechiniella wendelboi AB758313

Cynoglossum tubiflorum KU927784
Cynoglossum cheirifolium KU927769

Lindelifia anchusoides KF849145
Lindelofia macrostyla KF287984

Trachelanthus cerinthoides MN720438

Rindera lanata KF849133

Heterocaryum subsessile KU927721

Mattiastrum pulumurense (Paksoy 2810) PP744633

Trachelanthus hissaricus KF849144

Rindera tetraspis KF849149

Myosotis sparsiflora KU927750

Paracaryum platycalyx MN720427

Paracynoglossum asperrimum KU927768

Cynoglossum suaveolens KU927699

Rindera bungei MN720433

Rindera lanata LC410070

Lepechiniella persica AB758312

Pardoglossum atlanticum KF849130

Cynoglossum coeruleum KU927687

Cynoglossum montanum subsp. extraeuropaeum KU927695

Cynoglossum nebrodense FR715311 

Lepechiniella inconspicua AB758311

Rindera tetraspis LC625927

Paracaryum sintenisii MN720431

Microparacaryum salsum MN720422 

Lindelofia longiflora KU927729

Rindera albida LC410069

Paracaryum cyclhymenium MN720424

Bothriospermum tenellum KU927660

Microparacaryum intermedium f. stellatum MN720420

Mattiastrum turcomanicum MN720412

Solenanthus coronatus KF849137

Cynoglossum officinale KU927696

Thyrocarpus glochidiatus MG262401

Microparacaryum salsum MN720421 

Solenanthus karateginus KF849139

Mattiastrum cristatum MN720408

Mattiastrum calycinum (ADK 3157) PP744631

Cynoglossum creticum MN720406

Microparacaryum intermedium f. stellatum MN720418

Lindelofia olgae KU927731
Lindelofia anchusoides LC410064

Mattiastrum luristanicum MN720409

Lindelofia macrostyla KU927730

Paracaryum cyclhymenium MN720423

Lindelofia stylosa LC628083

Microula pustulosa KU927743

Mattiastrum laxiflorum KF849135

Mattiastrum turcomanicum MN720413

Paracaryum hirsutum MN720425

Microparacaryum intermedium f. paracaryoides MN720416

Microparacaryum intermedium f. intermedium MN720414

Cynoglossum dioscoridis KU927690

Mattiastrum modestum MN720410

1/95

0.77

1/88

0.77/53

0.98

1/77

0.99/53

0.95

0.99/89

1/99

1/67

1/100

1

1/89

0.56

1/86

0.55/82

0.6

0.62

1/100

0.76/65

1/98

1/100

1/99

0.98/95

0.97

0.97/75

1/98

1/100

1/89

0.840.96/85

0.97/76

0.61/97

1/81

0.87

0.6
0.81

0.98

1/100

0.69

1

1/94

0.88/50

1/92

1

0.89
1/87

1/100

0.51

1/99

0.56/51

1/76

0.61/92

0.95/64

1/100

0.59

1/79

0.73/86

1/91
1/98

1/100

0.5

1/96

1/85

0.91

1/100

0.72

1/98

0.86/64

1/99

0.89

0.97/100

0.99/87

0.93/62

A

B

Figure 2. The Bayesian inference hypothesis based on the ITS. 
Bootstrap branch support values derived from maximum likelihood 
analysis were added near the posterior probability on the branches.
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In addition, the recently described species P. leventshikii 
has similar characters to this hypothetical new species 
(Yıldırımlı, 2018). Table shows the unique combination of 
characters that define each species, by comparing the new 
species with adjacent species.
3.3. Taxonomic treatment
Mattiastrum pulumurense Doğru-Koca, Paksoy, M. 
Gökmen & G. Yılmaz, sp. nov. (Figures 3–5).

Type: Türkiye. Tunceli, Pülümür, Saltaş location of 
Şampaşakaraderbent village, 1850–1900 m, 16 vi 2022, M. 
Gökmen 462 (holo. HUB!).

Paratype: Tunceli, Pülümür, Karagöz (Gürük) village, 
2000–2100 m, 21 v 2017, Paksoy 2810 (HUB!, ANK!).

Diagnosis: It is generally distinguished from other species 
(except M. racemosum var. scabridum (Rech.f.) R.R.Mill) 
by a sparsely hairy or glabrescent stem. Mattiastrum 
pulumurense differs from Paracaryum hedgei by its 
3–3.5-mm-long and linear lanceolate scales (not 1.5–2 
mm and linear oblong), glochidiate nutlet disc (not 
nonglochidiate); differs from M. longipes by its 3–3.5-mm-
long and linear lanceolate scales (not 1.2–2 mm, not 
linear oblong), 2.5–4.5-mm-long anthers (not 1.2–2 mm), 

Indumentum
Calyx 
length 
(mm)

Corolla 
length 
(mm)

Tube and limb 
rate

Scales 
(mm) Appendages Anthers 

(mm)
Styles 
(mm)

Nutlets 
(mm)

Mattiastrum 
incanum Grey villous 4–14 8–16

Tube subequaling 
or slightly longer 
than limb

3–5 Conspicuous 1.8–4.5 7–20 5–12 × 5–10

Mattiastrum 
corymbiforme Grey villous 5–12 8–16

Tube subequaling 
or slightly longer 
than limb

3–5 Conspicuous 2–4 8–17 8–13 × 7–12

Mattiastrum 
racemosum var. 
scabridum

Glabrescent 4–10 6–15(–17)
Tube subequaling 
or ± shorter than 
limb

1–2.6 Conspicuous 1.8–4 8–20 8–12 × 7–10

Paracaryum 
hedgei

Adpressed-
hirsute 4.5–6 9–13 Tube ± shorter 

than limb 1.5–2 - 2–4 10–16 10–12 × 
8–11

Mattiastrum 
pulumurense

Sparsely 
adpressed-
hirsute to 
glabrescent 

(4–) 7–11 5–16
Tube equaling to 
or shorter than 
limb

3–3.5 - 2.5–4.5 10–15 10–11 diam.

Mattiastrum 
longipes

Long 
adpressed-
hirsute

3.2–6 5–8 Tube ± half of 
limb 1.2–2 - 1.2–2 5–8 7.5–10 × 

7–10

Mattiastrum 
calycinum

Adpressed-
hirsute above, 
glabrescent 
below

(6.3–) 
7– 10 10–13 Tube 2–3 × limb 1.9–3 - 0.7–2.6 11–15 6.5–9.5 

(–11) diam.

Paracaryum 
leventshikii

Antrorsely 
adpressed 
subhirsute

3–5 7–9 ? ? ? ? 12 7–8 × 7–8

Mattiastrum 
ancyritanum

Adpressed-
strigose above, 
glabrescent 
below

(5.5–) 
6.5–8 
(–9)

6–9 Tube longer than 
limb 1.2–2.5 - 0.7–2.6 7.8–13 6.5–9.5

(–11) diam.

Table. Morphological comparison between the new species Mattiastrum pulumurense (emphasized with blue) and Mattiastrum species 
with flat-winged nutlets, scales longer than broad, and styles longer than calyx. The data are based on Mill (1978), Aytaç & Mill (2005), 
Koca (2009), Yıldırımlı (2018), and on morphological studies of specimens from the cited herbaria. The red character states indicate 
diagnostic ones.
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styles 10–15-mm-long (not 5–8 mm), nutlets 10–11 mm in 
diameter (not 7.5–10 mm diam.); differs from M. calycinum 
by its corolla tubes equal to or shorter than the limb (not 2–3 
× limb), scales 3–3.5-mm-long and linear lanceolate (not 1.9–
3 mm and linear oblong), anthers 2.5–4.5-mm-long (not 0.7–
2.6 mm), nutlets 10–11 mm in diameter (not 6.5–9.5 mm). 
Also, it is closely related to M. racemosum var. scabridum but 
differs in having scales 3–3.5-mm-long (not 1–2.6 mm) and 
without scale appendages (not conspicuous appendages).

Description: Perennial, pleicorm. Stem tufted, erect 
or suberect, 10–20-cm-long, branched in the upper 
half, glabrous at the base, sparsely adpressed-hirsute to 
glabrescent at the upper part. Basal leaves numerous, 
gradually tapering into basal, oblong-oblanceolate or 
linear-oblong, rarely obovate, 10–50 × 3–10 mm, glabrous 
above, sparsely adpressed strigose below; cauline leaves 
sessile, oblong-oblanceolate or linear-oblong, 5–20 × 1–4 
mm, glabrescent above, sparsely adpressed strigose below. 

Mattiastrum 
paphlagonicum

Adpressed-
strigose above, 
glabrescent 
below

4.3–6.7 5.3–6.7 Tube longer than 
limb 1–1.8 - 0.7–2.6 5.5–7.2 6.5–9.5

(–11) diam.

Mattiastrum 
aucherii

Grey 
tomentose 5– 8 4–9 Tube longer than 

limb 1.5–2.1 - 1–1.6 4–8 7–9 diam.

Table. (Continued.)

Figure 3. Specimen of holotype of Mattiastrum pulumurense 
(Gökmen 462 in HUB). A. Habit, B. Pedicel, C. Flower, D. Calyx, E. 
Inside of corolla, F. Pistil, G. Nutlet, H. Hairs on leaf lower surface, I. 
Hair in detail on calyx and leaf. J. Glochid in detail on nutlet.
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Inflorescence corymbose-paniculate, up to 20-flowered; 
pedicel 2–12-mm-long at anthesis, up to 20 mm at 
fruiting, adpressed-hirsute. Calyx divided nearly to the 
base, sepals oblong lanceolate or oblong, 7–11 × 1–3 mm 
at anthesis, longer at fruiting, glabrescent to glabrous 
outside, hirsute at margin, glabrous inside. Corolla longer 
than calyx, campanulate, 5–16-mm-long, tube and limb 
equal or tube shorter than limb, tube 2–8-mm-long, limb 
3–8-mm-long, lobes 1–2 × 1.5–4 mm, rounded at apex. 
Scales linear, gradually tapering into an erect slightly acute 
apex, 3–3.5-mm-long; appendage absent. Base of anthers 
situated above base of scales, anthers 2.5–4.5-mm-long. 
Style exerted from calyx, 10–15-mm-long, stigma slightly 
spherical. Nutlets orbicular, 10–11 mm in diameter; 
disc sparsely glochidiate; wing flat, 1–2-mm-wide, 
nonglochidiate; margin ± entire or denticulate, glochidiate.

Phenology: Anthesis May to June; fruiting season June to 
July.

Habitat, altitude, and ecology: Meadows and erosive 
slopes. 1850–2100 m. The dominant elements of the 
vegetation are Rheum ribes L., Salvia candidissima 
M.Bieb., Campanula conferta A.DC., C. ptarmicifolia 
Lam., C. involucrata Aucher ex A.DC., Astragalus kurdicus 
Boiss., A. aduncus Willd., A. asciocalyx Bunge, Stachys 
lavandulifolia Vahl, Macrotomia densiflora (Ledeb. ex 
Nordm.) J.F.Macbr., Onosma sericea Willd., Linum 
obtusatum (Boiss.) Stapf, Aethionema capitatum Boiss. 
& Balansa, Asperula xylorrhiza Nábelek, A. glomerata 
(M.Bieb.) Griseb., Veronica orientalis Mill., Polygala 
pruinosa Boiss., Centaurea carduiformis DC., Gundelia 
vitekii Armağan, Silene montbretiana Boiss., Muscari 

Figure 4. Fresh individual and habitat of Mattiastrum 
pulumurense (Gökmen 462 in HUB). A-B. Habitat. C. Habit. D. 
Basal stem and leaves. E. Campanulate flowers. F. Nutlet.
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erzincanicum Eker, Muscari tenuiflorum Tausch, Achillea 
arabica Kotschy, Chardinia orientalis (L.) Kuntze, Klasea 
serratuloides (Fisch. & C.A.Mey. ex DC.) Greuter & 
Wagenitz, Euphorbia virgata Desf., Bungea trifida (Vahl) 
C.A.Mey., Verbascum heterodontum Hub.-Mor.

Distribution and conservation: The microendemic 
species Mattiastrum pulumurense occurs in Tunceli 
Province in Eastern Türkiye (Figure 5). It was collected 
from two adjacent localities in the district of Pülümür. It is 
an element of the Irano-Turanian phytogeographic region. 
The distribution localities are subject to overgrazing. No 
other threats have been observed in the area. Detailed 
numbers of individuals and populations are not available. 
“Data deficient (DD)” is proposed here due to inadequate 
information to assess the threat category or conservation 
status.

Etymology: The specific epithet is dedicated to Pülümür 
District of Tunceli Province, where the new species was 
collected.

4. Discussion
The new species differs from the other Mattiastrum 
(or Paracaryum) species, except M. racemosum var. 
scabridum, in the type and density of the indumentum 
(Figures 4 and 6). Both populations are glabrous on the 
basal stem, sparsely adpressed strigose on the basal leaves, 
and sparsely adpressed-hirsute to glabrescent on the upper 
stem, cauline leaves, and inflorescence. However, the hairs 
with or without tuberculate bases are ± dense for almost 
the entire aerial part, especially on the upper stem in the 

genus. Some species have a villose indumentum (i.g. M. 
corymbiforme, M. incanum etc.), others are tomentose 
(e.g., M. aucheri), and more commonly, species exhibit 
dense hirsute or strigose hairs (e.g., M. racemosum and 
M. calycinum). M. racemosum var. scabridum, still known 
only from the type locality, is ± glabrescent like the new 
species. Although the density of the indumentum initially 
suggested that it was var. scabridum, the distinct differences 
in the appendages and the length of the scales indicate that 
it is a new species (Figures 6D–6G). 

The presence of lateral appendages on the scales is 
diagnostic in the genus Mattiastrum. Some species have 
conspicuous appendages such as M. racemosum, M. 
incanum, and M. corymbiforme (Figures 6D–6E). Some 
lack lateral appendages, such as M. longipes, M. aucheri, 
M. calycinum, M. ancyritanum, M. paphlagonicum, and 
P. hedgei (Mill, 1978) (Figures 6A–6C). The new species 
also lacks lateral appendages (Figures 6F–6G). Regarding 
the length of the scale, the new species is very similar to 
P. incanum-M. corymbiforme, and M. racemosum var. 
scabridum (Figures 6D–6G). However, it differs from them 
in the absence of scale appendages. Actually, P. hedgei has 
no appendage, but its smaller calyx, corolla, scales, and 
anthers are different from M. pulumurense (Figure 6B).

Another important characteristic is the ratio of corolla 
tube to limb. In fact, the tube being longer than the limb 
is a common character state in Mattiastrum. However, in 
some flowers, the tube may be equal to the limb, as in the 
new species. In this character, it is closely related to M. 
incanum, M. corymbiforme, M. racemosum. Additionally, 
in some flowers, the tube may be shorter than the limb, as 
in M. longipes and P. hedgei (Figures 6A and 6F). This is an 

Figure 5. Distribution map of Mattiastrum pulumurense (stars) and related taxa (circles) in Türkiye. Red: M. pulumurense; Blue: 
M. corymbiforme; Turquoise: M. incanum; Orange: M. racemosum var. scabridum; Green: M. longipes; Black: M. calycinum. 
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Figure 6. Compared morphological characteristics of Mattiastrum pulumurense and closely related 
species. A-G. Inside of flowers. A. M. longipes, scales sometimes bilobed (ADK 3153). B. Paracaryum 
hedgei, linear oblong scales without appendage (ADK 3149). C. M. calycinum, linear oblong scales 
incurving at apex (ADK 3157). D. M. racemosum var. scabridum, scales with subterminal appendages 
(Haradjian 566). E. M. corymbiforme, scales with median appendages (ADK 3286). F. M. pulumurense, 
linear lanceolate scales shorter than tube (Gökmen 462). G. M. pulumurense, linear lanceolate 
scales without appendage (Paksoy 2810). H. Flower of M. pulumurense (Gökmen 462). I-N Basal 
leaf indumentum. I. M. pulumurense, glabrouse upper surface of basal leaves (Gökmen 462). J. M. 
pulumurense sparsely adpressed-hirsute lower surface of basal leaves (Paksoy 2810). K. M. longipes, 
long adpressed hirsute hairs (ADK 3153). L. P. hedgei adpressed strigose hairs (ADK 3149). M. M. 
corymbiforme, grey-villose hairs (ADK 3286). N. M. calycinum long adpressed strigose hairs (ADK 
3157). The scales are 5 mm in H and 1 mm in the rest.
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unusual character state and is also found in some flowers 
of M. pulumurense.

The recently described species Paracaryum leventshikii 
(Yıldırımlı, 2018) seems to be closely related to M. 
pulumurense (Table). However, the protologue lacks some 
information on scales, appendages, and the proportion of 
tube to limbs. This species differed from P. ancyritanum, 
P. calycinum, and P. paphlagonicum mainly by its smaller 
flowers, including sepals, corolla, and style. From this, it 
could be deduced that P. leventshikii has tubes longer than 
the limbs. Thus, it is differentiated from M. pulumurense 
not only in the size of the nutlet but also in the ratio of 
tube to limb. In addition, its calyx is given as 3–5-mm-
long in the protologue. M. pulumurense usually has a very 
long calyx (7–11 mm), but rarely smaller flowers could be 
found, especially towards the end of the inflorescence.

In conclusion, Mattiastrum pulumurense is a unique 
species based on the combination of the character states 
that have sparsely hairy or glabrescent aerial parts; flat-
winged nutlets 10–11 mm in diameter; the styles extended 
from the calyx; without appendages, 3–3.5-mm-long, 
longer than broad scales; 2.5–4.5-mm-long anthers, and 
thus easily distinguished from the other Mattiastrum 
species. Thus, the number of Paracaryum and Mattiastrum 
species in Türkiye increases to 32. The phylogenetic 
relationships of the new species were revealed, and the 
distribution map and detailed morphological knowledge 
were provided.

Identification key to the species of the genus Mattiastrum 
with scales longer than broad and styles longer than 
calyx (based on Mill, 1978):
1. Scales without lateral appendages
2. Corolla tube equal to or shorter than limb
3. Sparsely hairy or glabrescent, scales 
3–3.5-mm-long, anthers 2.5–4.5-mm-long, 
.…………………………………..........… M. pulumurense
3. Densely hairy, scales 1.5–2-mm-long, anthers 1.2–2.5 
(–4)-mm-long
4. Corolla 9–13-mm-long, style 10–16 mm, nutlet 
10–12-mm-long ………………………………… P. hedgei 
4. Corolla 5–7 (–8)-mm-long, style 4–8 mm, nutlet 
7.5–10-mm-long……………………...……… M. longipes
2. Corolla tube longer than limb …… M. calycinum, 
M. ancyritanum, M. paphlagonicum, M. aucheri, P. 
leventshikii
1. Scales with lateral appendages ………. M. incanum, M. 
corymbiforme, M. racemosum

Rindera tetraspis, the type species of the genus, has more 
or less dense lanates (grey lanate or white lanate) outside the 
calyx, corolla with minute scales or no scales, approximately 
15 mm diameter nutlets (Rinder, 1953), so it can be easily 

distinguished from the genus Matttiastrum. However, in 
the phylogenetic analysis here, M. pulumurense and R. 
tetraspis are distant relatives according to the chloroplast 
data set, but close relatives according to the ITS data set. 
The remaining Rindera species generate a monophyletic 
clade, which is closely related to Mattiastrum and some 
species of Paracaryum (Figure 2, clade A). This topology is 
consistent with Pourghorban et al. (2020). This is related to 
the fact that the two organelles have different evolutionary 
histories. According to analyses based on the ITS data set, 
M. pulumurense and R. tetraspis had a common ancestor at 
some point in their evolutionary processes and were most 
likely fertilized together. Based on this, it is understood 
that ITS data alone cannot solve the systematic problems 
in Cynoglossineae, in agreement with Pourghorban et 
al. (2020). However, as the M. pulumurense species later 
specialized in Tunceli, at least according to current data, 
it is closely related to the genus Mattiastrum, both in 
terms of morphological characters and chloroplast data 
(Figure 1, clade A). According to the chloroplast tree, 
two populations (type and paratypa) of M. pulumurense 
generate a monophyletic clade with very strong posterior 
probability and medium bootstrap support values (PP = 
0.99, BS = 87). Although it is not clear which is closer, the 
new species is closely related to M. longipes, P. hedgei, and 
M. calycinum (moderate PP = 0.61 but strong BS = 83). 
The species in this clade share flat-winged nutlets, long 
styles without trapeziform scales, and long corolla and 
calyx. However, the new species is distinguished from 
M. longipes, P. hedgei, and M. calycinum by numerous 
morphological characters discussed above.

Additional specimens examined
All the specimens identified as Mattiastrum or Paracaryum 
kept in cited herbaria in Materials and Methods were 
examined. The species below were used for additional 
DNA sequence to reveal the evolutionary relationships of 
Mattiastrum pulumurense. Mattiastrum calycinum Kayseri: 
Talas, Alidağ, transmitter road, south slopes, steppe, 1680–
1700 m, 29 v 2007, ADK 3157 (HUB, Herb. Yıldırımlı). 
Mattiastrum corymbiforme Gümüşhane: Gümüşhane to 
Şiran, before 5 km, Sarıca and Bolluk villages junction, 
steppe, 1290–1300 m, 17 vi 2007, ADK 3286 (HUB, Herb. 
Yıldırımlı). Mattiastrum incanum Ankara: Beytepe campus, 
around dining hall, steppe, yemekhane çevresi, bozkır, 
approximately 1000 m, 09 vi 2006, ADK 2896 (HUB, Herb. 
Yıldırımlı). Mattiastrum longipes Kayseri: Talas, Alidağ, 
around Akçakaya village, roadsides, 1524 m, rocky, 29 v 
2007, ADK 3153 (HUB, Herb. Yıldırımlı). Paracaryum 
hedgei Konya: Ereğli, around İvriz Dam, cultivated Pinus 
nigra and Cedrus libani mixed forest openings, 1100–1200 
m, 25 v 2007, ADK 3149, (HUB, Herb. Yıldırımlı). 



DOĞRU KOCA et al. / Turk J Bot

192

Acknowledgment and/or disclaimers, if any
This study was supported by Hacettepe University 
Scientific Research Projects Coordination Unit (Project 
number: 05-01-601-006). The authors thank Fatma Şen 
Gökmen for the illustration and Nilay Şen for assistance 
with for molecular laboratory issues. They also extend their 
gratitude to the Municipality of Pülümür, Mayor Müslüm 
Tosun, “Pülümür’ü Destekleme Derneği, Almanya” for 
their support in realizing the field excursions, and to 
the volunteers of Kırsal Çevre Derneği (Mustafa Bektaş, 

Ahmet Demirtaş, Serdar Ölez, Salih Usta, Fatma Şen 
Gökmen, Mert Elverici, and Şeyma Mengi) and to Mehmet 
Yıldız (mukhtar of village Şampaşakaraderbent) for their 
support during field excursions.

Authors’ contributions
GY, MG, and MYP conducted the excursions. ADK 
designed the investigation, collected morphological and 
phylogenetic data. All the authors collaborated on the 
revision of the final version of the manuscript.

References
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