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A taxonomic reassessment of the Tanacetum aureum (Asteraceae, Anthemideae)
species group: insights from morphological and molecular data
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Abstract: A taxonomic reassessment of the Tanacetum aureum (Lam.) Greuter, M.V.Agab. & Wagenitz (Asteraceae, Anthemideae)
species group was performed. This group of species is distinguished by herbaceous perennial habit, (1–)2–10(–80) disciform capitula,
with compact to lax corymbs and strongly to moderately convex receptacle. A multivariate statistical analysis of 58 morphological
characters using Ward cluster, principal component analyses, and molecular phylogenetic analyses of nrDNA ITS and cpDNA rpL32trnL(UAG) + ndhF-rpL32 spacer sequence datasets were conducted. Both datasets corroborated that T. aureum, T. oligocephalum (DC.)
Sch.Bip., and T. heimerlii (Nábělek) Parsa could be differentiated as separate species. An identification key of the studied taxa and a
description and conspectus of the species are presented.
Key words: Asteraceae, ITS, morphometry, phylogeny, plastid data, SW Asia, Tanacetum

1. Introduction
Tanacetum L., with 160 species, ranks as the third
largest genus of the tribe Anthemideae of Asteraceae,
following Artemisia L. and Anthemis L. (Oberprieler
et al., 2006). The genus includes perennial herbs and
subshrubs distributed in the circum-Mediterranean
region; central, southwestern, and eastern Asia; and parts
of North America (Oberprieler et al., 2009). Since the
benchmark monograph of Bremer and Humphries (1993)
on Anthemideae, no comprehensive taxonomic revision
or updated species conspectus of the genus Tanacetum
has been made available. Several authors (e.g., Greuter
et al., 2005; Mozaffarian, 2005; Djavadi, 2008; Sonboli
et al., 2010a, 2010b, 2011b) have proposed new species,
combinations, and records in Tanacetum s.l. occurring in
SW Asia, and some of them have also been excluded. Few
phylogenetically deviating species from Tanacetum have in
turn been excluded from it and transferred to other related
genera (e.g., Sonboli et al., 2011a; Sonboli and Oberprieler,
2012).
Several species currently listed in Tanacetum
were originally described as members of the genera
Pyrethrum Zinn and/or Chrysanthemum L. Although
some taxonomic treatments (e.g., De Candolle, 1838;
Tzvelev, 1995) considered Pyrethrum and Tanacetum as
independent genera, others (e.g., Grierson, 1975; Podlech,
* Correspondence: a-sonboli@sbu.ac.ir

1986) treated Pyrethrum as a synonym of Tanacetum. It is
well known that Tanacetum is taxonomically problematic
in its infrageneric classification, delimitation of species
complexes (e.g., Tanacetum aureum (Lam.) Greuter,
M.V.Agab., & Wagenitz. and T. polycephalum Sch.Bip.),
and infraspecific taxonomy of some controversial taxa.
The inconsistent taxonomic treatment and unclear
species delimitations of taxa in the Tanacetum aureum
(syn.: T. chiliophyllum (Fisch. & C.A.Mey. ex DC.) Sch.
Bip.) group in various taxonomic treatments of the
genus caused confusion and, as such, the objective of
this investigation is to reexamine their taxonomic status
through morphometric and phylogenetic approaches.
Pyrethrum chiliophyllum Fisch. & C.A.Mey. ex DC.
and P. oligocephalum DC. were originally described from
type localities of Azerbaijan and Armenia, respectively,
by De Candolle (1838). While the first species was
described based on its canescent indumentum, erect
stems, pinnatisect leaves, corymbs of 6–7 capitula, and
dark brownish margins of involucral bracts, the second
species was defined based on its (1–)2–3 capitula, long
peduncles, and involucre of 7–9 mm in diameter and 5–6
mm in length. Subsequently, Schultz (1844) transferred
both species to Tanacetum as T. chiliophyllum (Fisch. &
C.A.Mey. ex DC.) Sch.Bip. and T. oligocephalum (DC.)
Sch.Bip., respectively. Boissier (1875) in Flora Orientalis
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considered Tanacetum to be a section of the genus
Pyrethrum, relegated P. chiliophyllum to a synonym of P.
millefoliatum (L.) Willd., and classified P. oligocephalum
as a variety within P. millefoliatum (P. millefoliatum var.
oligocephalum (DC.) Boiss.). Pyrethrum oligocephalum
was later transferred to P. chiliophyllum, also as a variety
(P. chiliophyllum var. oligocephalum (DC.) Sosn.).
Nábělek (1925) described Chrysanthemum heimerlei
Nábělek from its type locality in Van Province of Turkey
based on its black-brown hairs, numerous leaf-bearing
stems from the base up to the middle, naked at top,
dense corymbs, numerous capitula (up to 80), and yellow
involucre bracts with dense long and white hairs. This
species was later transferred to the genus Tanacetum by
Parsa (1949) in his account for Flora of Iran as T. heimerlii
(Nábělek) Parsa. Grierson (1975) relegated this species to a
varietal rank within T. chiliophyllum (T. chiliophyllum var.
heimerlei (Nábělek) Grierson).
Podlech (1986) in Flora Iranica distinguished 3
varieties within T. chiliophyllum (vars. chiliophyllum,
oligocephalum, and heimerlii). This treatment was followed
by Mozaffarian (2008) in his account for Flora of Iran (in
Persian). In the synopsis of the genus Tanacetum, Bremer
and Humphries (1993) recognized T. chiliophyllum as
a distinct species and considered T. heimerlii and T.
oligocephalum as synonyms. Tzvelev (1995), in Flora of
the USSR, classified 34 Tanacetum species into 4 sections.
Tanacetum chiliophyllum and T. oligocephalum, along with
other closely related endemic species of Azerbaijan and
Nakhichevan (e.g., T. longipedunculatum (Sosn.) Tzvelev),
were recognized as independent species within series 9,
Chiliophylla, which includes the third largest section of the
genus (Tanacetum sect. Xanthoglossa).
Recently, Greuter et al. (2005) described T. aureum
(Lam.) Greuter, M.V.Agab. & Wagenitz based on a
specimen (Tournefort (P-TRF 4740)) originally named
as Achillea aurea Lam. Accordingly, P. chiliophyllum was
considered to be a synonym of T. aureum. Kandemir
(2012) transferred the 2 varieties of T. chiliophyllum (vars.
heimerlii and oligocephalum) to T. aureum and enlisted
them as T. aureum var. heimerlii (Nábělek) Kandemir and
T. aureum var. oligocephalum (DC.) Kandemir, respectively.
Several cytogenetic and karyological investigations
have been conducted on Tanacetum (Khandjian, 1975;
Chehregani and Hajisadeghian, 2009; Olanj et al., 2013
and references cited therein). Most Tanacetum species
are diploids, showing 2n = 2x = 18 chromosomes and
a chromosome base number of x = 9 (Watanabe, 2013
and references cited therein). However, other reported
chromosome numbers include 2n = 27, 36, 54, 72, and
90. Polyploidy and aneuploidy have been recognized as
common phenomena in the genus (Sonboli et al., 2011b).
The first chromosome count of 2n = 4x = 36 for an Armenian
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population of T. chiliophyllum (without designation of
infraspecific rank) was published by Khandjian (1975).
Later, Chehregani and Hajisadeghian (2009) reported
diploid and triploid levels, 2n = 18 and 2n = 27, for an
Iranian population of T. chiliophyllum. The taxonomic
confusion described earlier and cytotaxonomic variations
of different populations of Tanacetum chiliophyllum
necessitate closer molecular analysis of this species.
Molecular phylogenetic studies, based on sequence
analysis of the internal transcribed spacer region of
the nuclear ribosomal DNA repeat (nrDNA ITS), have
frequently been used to assess the generic delimitation
and infrageneric classifications in many groups of
Anthemideae (Oberprieler, 2001; Sonboli and Oberprieler,
2010, 2012; Sonboli et al., 2010a, 2010b, 2011a, 2011b,
2012). Recently, a molecular phylogenetic study of the
genus Tanacetum s.l. (Sonboli et al., 2012) based on nrDNA
ITS and cpDNA trnH-psbA sequence variation revealed
3 accessions of T. chiliophyllum (T. chiliophyllum vars.
chiliophyllum and oligocephalum from Iran, and another T.
chiliophyllum population without designation of its variety
from Armenia) nested in separate positions across the
clade of Tanacetum sect. Xanthoglossa. To the best of our
knowledge, no detailed investigation of the infraspecific
taxonomy and molecular phylogenetic relationships of the
T. aureum species group has been conducted to date
Given the heterogeneous taxonomic status of the
studied species and the paucity of data pertaining to their
in-depth morphology and phylogeny, this investigation
aimed to establish whether, based on the combined
analysis of phenetic and phylogenetic data, a more precise
classification could be obtained. Hence, this investigation
was undertaken to: 1) evaluate the morphology and
present infraspecific taxonomy of T. aureum; 2) assess the
phylogenetic position and affinity of different varieties
of T. chiliophyllum with closely related species; 3) infer
taxonomic status of different varieties within species,
and 4) provide a robust identification key annexed with
descriptions of the taxa and a conspectus of the species.
2. Materials and methods
2.1. Phenetic studies
2.1.1. Plant material
Herbarium specimens of Tanacetum chiliophyllum and its
close allies deposited at the Herbarium of Medicinal Plants
and Drugs Research Institute (MPH) of Shahid Beheshti
University of Tehran, Iran, were reviewed and identified
using relevant literature (Nábělek, 1925; Podlech, 1986;
Grierson, 1975; Tzvelev, 1995; Mozaffarian, 2008). Voucher
information of taxa included in the morphometric study is
presented in Table 1.
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Table 1. Samples included in morphometry study of Tanacetum.
Taxa

Code

Tanacetum oligocephalum

oligocephalum-1

T. oligocephalum

oligocephalum-2

T. oligocephalum

oligocephalum-3

T. heimerlii

heimerlii-1

T. heimerlii

heimerlii-2

T. aureum

aureum-1

T. aureum

aureum-2

T. uniflorum

uniflorum

T. tarighii

tarighii

Locality

Voucher

West Azerbaijan, Urmia, Ghushchi Pass, 1950 m, 38°00′N, 44°56′E,
2 Jul. 2008, Sonboli
West Azerbaijan, Urmia, Urmia towards Shams, Ghushchi Pass,
1860 m, 38°00′N, 44°57′E, 5 Jun. 2007, Sonboli & Gholipour
West Azerbaijan, Urmia, Urmia towards Oshnaviyeh, Ghasemlou
valley, 25 May 2008, Mojarrad
West Azerbaijan, Urmia, Sero road, Golsheykhan village, Kure
Shams mount., 1600 m, 37°42′N, 44°48′E, 1 Jul. 2007, Sonboli et al.
West Azerbaijan, Khoy, Chaldoran road, km 50, mountain around
Kaput village, 2500 m, 38°50′N, 44°26′E, 9 Jul. 2011, Sonboli
West Azerbaijan, Urmia, Anhar road, around Suluk village, 1800–
2300 m, 3 Jul. 2007, Sonboli & Mojarrad
East Azerbaijan, Marand, Mishoodagh, near Yam., 1900–2200 m,
38°20′N, 45°45′E, 2 Jun. 2008, Sonboli
West Azerbaijan, Khoy, Firuragh road, Pasak towards Hesar, 1500
m, 38°36′N, 44°43′E, 2 Jun. 2008, Sonboli
West Azerbaijan, Urmia, Band towards Silvana, Khalil Kuh., 2500
m, 37°23′N, 44°47′E, 6 Jun. 2008, Sonboli

2.1.2. Morphometry
For the morphological studies, a minimum of 3 to 5
herbarium specimens (MPH) were examined from each
of the 8 sampled localities or populations, which were
treated as operational taxonomic units (OTUs). In total, 58
quantitative and qualitative morphological characters were
used for the phenetic analysis. Means were determined for
quantitative characters and qualitative characters were
treated and coded as multistate characters (Table 2).
2.1.3. Phenetic analyses
Two main approaches were used in numerical taxonomy
based on morphological data: cluster and ordination
analysis. In order to group OTUs with morphological
similarity, clustering and ordination based on principal
component analysis (PCA) were performed. Different
clustering methods using single linkage, UPGMA, and
Ward methods were used to find the true clusters. For
cluster analysis, the variables were standardized (mean =
0, variance = 1). In order to determine the most variable
characters among the taxa, factor analysis based on PCA
was performed on standardized data. Varimax rotation
was carried out after Kaiser normalization. The phenetic
analysis was performed using SPSS 16.0.
2.2. Molecular studies
2.2.1. Taxon sampling and dataset used
To examine the phylogenetic relationships, nrDNA ITS
and combined cpDNA rpL32-trnL(UAG) + ndhF-rpL32
spacer sequences were analyzed separately for 26 taxa
from different Iranian localities, of which 8 nrDNA ITS

MPH-1221
MPH-1371
MPH-1447
MPH-1227
MPH-1770
MPH-1124
MPH-1341
MPH-1327
MPH-1335

and all cpDNA sequences were newly generated. Ajania
semnanensis Sonboli and Artemisia paradoxa (Bornm.)
Sonboli from subtribe Artemisiinae were selected as
outgroups following the results of Sonboli et al. (2011a,
2013). Information concerning voucher specimens or
previously published sequences is presented in Table 3.
2.2.2. DNA extraction, amplification, and sequencing
Total genomic DNA extraction was performed as described
earlier (Sonboli et al., 2010b, 2011a). Polymerase chain
reaction (PCR) amplifications were carried out in a 20µL final volume of reaction mixture containing 1.0 µL of
template DNA (5 ng/µL), 0.5 µL of each primer (5 pmol/
µL), 10 µL of 2X Taq DNA Polymerase Master Mix Red
(Amplicon, Cat. No. 180301; 150 mM Tris-HCL (pH 8.5),
40 mM (NH4)2SO4, 3.0 mM MgCl2, 0.4 mM dNTPs, 0.05
U/µL Amplicon Taq DNA polymerase, inert red dye, and a
stabilizer), and 8.0 µL of distilled water. The PCR cycles for
nrDNA ITS consisted of 4 min at 94 °C for predenaturation
followed by 25–35 cycles of 1 min at 94 °C for denaturation,
30–60 s at 52–55 °C for primer annealing, and 2 min at 72
°C for primer extension, subsequently allowing 7 min at
72 °C for final primer extension. The rpL32-trnL(UAG)and
the ndhF-rpL32 spacers of all 26 taxa were amplified using
the primers rpL32-F / trnL(UAG) and ndhF and rpL32R of
Shaw et al. (2007), respectively. The PCR cycles for both
of the cpDNA spacers consisted of 4 min at 80 °C for
predenaturation followed by 36 cycles of 1 min at 95 °C
for denaturation, 70 s at 50 °C for primer annealing, and
6 min at 65 °C for primer extension, with a final primer
extension of 7 min at 65 °C. Purification of PCR products
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Table 2. Morphological characters used in the multivariate analysis in studied taxa of Tanacetum.
1. Plant height (cm):
2. Hair density:
3. Hair color:
4. Stem number:
5. Stem:
6. Gland density on leaves:
7. Basal leaves color:
8. Basal leaves lamina shape:
9. Basal leaves length (incl. petiole; cm):
10. Basal leaves width (cm):
11. Basal leaves petiole length:
12. Petiole sheath at base of basal leaves:

10–25 (0), 26–39 (1), 40–55 (2), 56–70 (3)
Lax (0), dense (1), very dense (2)
Colorless (0), silvery (1), gray (2), brown and gray (2)
Solitary (0), few (1), many (2)
Simple (0), basically branched (1)
Rare (0), lax (1), ±dense (2)
Green (0), ±grayish green (1), grayish green (2)
Oblong (0), oblanceolate (1), obelliptic-spathulate (2), elliptic (3)
≤5 (0), 6–10 (1), 11–20 (2), >20 (3)
<1 (0), 1–4 (1), 5–7 (2)
Short (0), medium (1), long (2)
Very thin (0), thin (1), wide (2)
Oval-oblanceolate (0), oblong-oblanceolate (1), oblanceolate (2), obovate-oblanceolate (3), obovate (4),
13. Basal leaves segments shape
linear-oblanceolate (5)
14. Pair no. of primary segments of basal leaves:
≤10 (0), 11–15 (1), 16–19 (2), ≥20 (3)
15. Width of primary segments of basal leaves (mm): <2 (0), 2–4 (1), 5–8 (2), >8 (3)
16. Pair no. of secondary segments of basal leaves:
1–3 (0), 4–7 (1), >7 (2)
17. Secondary segments of basal leaves apex:
Cuspidate (0), obtuse-acute (1), acute (2), acuminate (3), cuspidate-obtuse (4), obtuse (5)
18. Basal leaves terminal lobe/division shape:
Obovate (0), oblanceolate (1), obovate-oblanceolate (2), oval-oblanceolate (3)
19. Basal leaves terminal lobes apex:
Acuminate-obtuse (0), acute (1), cuspidate-obtuse (2), obtuse (3)
20. Cauline leaves shape:
Oblong (0), oval-ovate (1), ovate-elliptic (2)
21. Cauline leaves petiole:
Sessile (0), petiolate (1)
22. Cauline leaves length (cm):
<2 (0), 2.5–3 (1), >3 (3)
23. Cauline leaves width (cm):
<1 (0), 1–3 (1), >3 (2)
24. Capitula number:
1–4 (0), 5–10 (1), >10 (2)
25. Capitula density:
Lax (0), dense (1)
26. Capitulum shape:
Hemispherical (0), spherical (1), cylindrical (2)
27. Capitula diameter (mm):
4–6 (0), 6.5–9 (1), 9.5–13.5 (2)
28. Peduncle length (cm):
<4 (0), 4–7 (1), 7.5–10 (2), >10 (3)
29. Involucre diameter (mm):
>5 (0), <5 (1)
30. Involucre length (mm):
3–4 (0), 4.5 (1), 5 (2), 5.5 (3), >6.5 (4)
31. Involucre shape:
Cup-shaped (0), hemispherical (1), spherical (2), ovate (3)
32. Receptacle:
±Convex (0), plain (1), convex (2), deltoid (3), very convex (4)
33. Bract trichome length:
Long (0), medium (1), short (2)
34. Bract margins cut depth:
Deep (0), shallow (1)
35. Bracts total number:
18–20 (0), 21–25 (1), 26–35 (2), 40–55 (3), 60–70 (4), >70 (5)
36. No. of involucral bract rows:
3 (0), 4 (1), 5 (2), 6 (3), >6 (4)
37. Outer bract shape:
Triangular (0), triangular-lanceolate (1), triangular-ovate (2), obovate (3), lanceolate (4), oblanceolate (5), oblong (6)
38. Inner bract shape:
Obelliptic-spathulate (0), spathulate (1), obelliptic (2), oblong (3)
39. Outer bract length (mm):
<3 (0), 3 (1), 3.5–4 (2), 4.5 (3)
40. Inner bract length (mm):
<4 (0), 4–4.5 (1), 5–5.5 (2)
41. Outer bract width (mm):
1 (0), 2–2.5 (1), 3 (2)
42. Inner bract width (mm):
1 (0), 1.5 (1), 2 (2)
43. Ligulate floret number:
<10 (0), 11–19 (1), 20–30 (2)
44. Ligulate floret color:
Light yellow (0), dark yellow (1), straw (2), pale yellow (3)
45. Ligulate floret corolla tube length (mm):
2–2.5 (0), 1.5 (1)
46. Ligulate floret limb length (mm):
1–1.5 (0), 2 (1), 2.5–3 (2), 3.5–4 (3), 4.5–5 (4), 6 (5)
47. Tube floret number:
25–45 (0), 46–66 (1), 67–87 (2), 88–200 (3), 201–250 (4)
48. Tube floret corolla length (mm):
2.5 (0), 3 (1), 3.5 (2), 5 (3)
49. Tube floret color:
Light yellow (0), dark yellow (1), pale yellow (2)
50. Ligulate floret achenes length (mm):
1.5 (0), 2 (1), 2.5 (2), 3 (3)
51. Ligulate floret achenes ribs number:
4 (0), 6 (1), 7 (2), 8 (3), >8 (4)
52. Ligulate floret achenes corona shape:

Tall and dentate with deep dissections (0); short and dentate with shallow dissections (1); undulatory and denticulate,
at apex somewhat expanded (2); crenate and at apex somewhat expanded (3); tall and dentate with shallow dissections,
at apex somewhat expanded (4); short, denticulate and constricted at apex (5)

53. Ligulate floret gland density:
54. Tube floret achenes length (mm):
55. Tube floret achenes width (mm):
56. Tube floret achenes rib number:

Not glandulate (0), very lax (1), ±dense (2), very dense (3)
<1.5 (0), 1.5 (1), 2 (2), 2.5–3 (3)
<0.5 (0), 0.5 to <1 (1), 1 (2)
6 (0), 7 (1), >7 (2)

57. Tube floret achenes corona shape:

Tall and dentate with deep dissections (0); short and dentate with shallow dissections (1); short and denticulate (2);
short, undulatory, entire and at apex somewhat expanded (3); short, undulatory, denticulate and at apex somewhat
expanded (4); short, undulatory, dentate and basically diagonal (5)

58. Tube floret achenes gland density:

Not glandulate (0), ±dense (1), very dense (2)
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Sonboli et al., 2012

Iran: Esfahan: Khansar, MPH-1162

Sonboli et al., 2012

Iran: Fars, Shiraz, Asadollahi. MPH-1474

Iran: Hamedan, Mozaffarian, 64466 (TARI)

Iran: West Azerbaijan, Urmia, Khalil Kuh, MPH-1335

Sonboli et al., 2010

Sonboli et al., 2012

Sonboli et al., 2012

Sonboli et al., 2012

Sonboli et al., 2012

Tanacetum polycephalum Sch.Bip. ssp.
polycephalum

T. sonbolii Mozaff.

T. stapfianum (Rech. f.) Podlech

T. tabrisianum (Boiss.) Sosn. & Takht.

T. tarighii Sonboli

T. tenuisectum (Boiss.) Podlech

T. turcomanicum (Krasch.)Tzvelev

T. uniflorum Sch.Bip.

T. vulgare L.

T. walteri (C. Winkl.) Tzvelev

AB998580
AB998581
AB998582
AB998583
AB998584
AB998585

AB998604
AB998605
AB998606
AB998607
AB998608
AB998609
AB998610
AB998611

AB998549/AB998557
AB998550/AB998558
AB998551/AB998559

AB683334/AB683335

AB683332/AB683333

AB683328/AB683329

AB683327

AB523747

AB998577

AB998603
AB683323

AB998579

AB998578

AB998576

AB998575

AB998574

AB998602

AB998548/AB998556

AB683305

AB998601

AB998600

T. polycephalum Sch.Bip. ssp. argyrophyllum
(K.Koch) Podlech

AB998547/AB998555

Iran: Yasuj, Dena mountain, Sonboli et al.,

T. pinnatum Boiss.

AB998599

AB683339

AB683276

AB523748

AB683282

AB608331

AB683274

AB683275

AB683260

AB998573

AB998572

AB998598

AB998546/AB998554

Iran: Tehran, Lavasan, Sonboli et al., MPH-1119

T. parthenium Sch. Bip.

AB683303

Sonboli et al., 2012

T. parthenifolium (Willd.) Sch.Bip.

AB998571

AB998597

Sonboli et al., 2012

AB998570

T. paghmanense Podlech

AB998569
AB998596

Sonboli et al., 2012

AB998595

Sonboli et al., 2010

T. oligocephalum (DC.) Sch.Bip.

AB998568

AB998594

T. kotschyi (Boiss.) Grierson

AB998567

AB998593

AB998545/AB998553

Iran: Urmia, Sonboli et al., MPH-1227

T. heimerlii (Nab.) Parsa

FN827333/FN827334

Sonboli & Oberprieler 2010

T. fisherae Aitch. et Hemsl.

AB998566

AB998592

Sonboli et al., 2012

AB998565

T. elbursence Mozaff.

AB998564

AB998591

Sonboli et al., 2011

AB998590

Sonboli et al., 2012

T. canescens DC.

AB998563

T. budjnurdense (Rech.f.) Tzvelev

AB998562

AB998589

Sonboli et al., 2012

T. aureum Greuter & al.

AB998588

Sonboli et al., 2012

Tanacetum abrotanifolium (L.) Druce

AB998561

AB608335

AB998587

Sonboli et al., 2011

Artemisia paradoxa (Bornm.) Sonboli

cpDNA ndhF - rpl32
AB998560

AB998544/AB998552

Iran: Semnan, Shahmirzad, 2380m, Sonboli & Gholipour,
MPH-1285

Ajania semnanensis Sonboli

cpDNA rpL32 – trnL(UAG)
AB998586

nrDNA ITS

DNA source (location, voucher)

Taxa

Gene bank Accession no.

Table 3. List of taxa used for the current molecular phylogenetic analyses. The two Genbank accession numbers for nrDNA ITS of some taxa represent ITS1 and ITS2 regions,
respectively. Newly deposited sequences are highlighted in bold.
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was performed using NucleoSpin extract kits (MachereyNagel, April 2004/rev.01). All samples were sequenced
using the Big Dye Terminator Cycle Sequencing Ready
Reaction Kit with the same PCR primers in an ABI Prism
377 DNA Sequencer.
2.2.3. Alignment and phylogenetic analyses
All sequences were edited by Chromas Lite version 2.1
and aligned using ClustalW (Thompson et al., 1994)
as implemented in BioEdit version 7.05.2 (Hall, 1999).
Alignment was optimized manually.
Combinability of chloroplast datasets was assessed
using the incongruent length difference test (ILD; i.e. the
partition homogeneity test; Farris et al., 1995) employing
PAUP* v.4 beta 10 (Swofford, 2002). Phylogenetic analyses
of nrDNA ITS and combined chloroplast datasets were
performed by the maximum parsimony method using
PAUP* (Swofford, 2002). Briefly, a finite number of shortest
trees were obtained using the heuristic search option with
100 replications of random sequence addition and tree
bisection and reconnection (TBR) branch swapping with
MULPARS OFF, saving 10 trees per replicate. To obtain
confidence limits for various clades in the trees, bootstrap
analysis (Felsenstein, 1985) was conducted. Bootstrap
values were calculated from 1000 replicates, simple
sequence addition, and TBR branch swapping with a set
‘Maxtrees’ limit of 100 trees per bootstrap replicate. The
values were shown on the corresponding clades of a 50%
majority rule consensus tree of Bayesian inference analysis.
In all datasets, gaps were coded as binary characters
using the simple gap coding method of Simmons and
Ochoterena (2000) as implemented in the software
program GapCoder (Young and Healy, 2003). For each
dataset, a combined set of 2 partitions (i.e. nrDNA ITS
sequences data and coded gaps of nrDNA ITS, combined
cpDNA sequences data, and coded gaps of combined
cpDNA) was obtained.
Models of sequence evolution were selected based on
the Akaike information criterion (Posada and Buckley,

2004) using the program MrModeltest version 2.3 (https://
www.abc.se/~nylander/mrmodeltest2/mrmodeltest2.
html). Bayesian analysis of the gap-coded nrDNA
ITS and combined cpDNA rpL32-trnL(UAG) + ndhFrpL32 spacers (called hereafter cpDNA) datasets were
performed respectively under SYM + G and GTR + I + G
evolutionary models (“Lset NSt = 6 rates = invgamma”)
using the program MrBayes version 3.1.2 (Ronquist and
Huelsenbeck, 2003) with an invariant gamma distribution
and without ﬁxing rates or nucleotide frequencies, as
these parameters were estimated from the data during the
analysis. Substitution models and rates of substitution were
allowed to vary among the parameters (“unlink” command
and “ratepr = variable”), and a binary model (“Lset coding
= variable”) was applied to the coded gaps (http://mrbayes.
csit.fsu.edu/wiki/index.php/manual). The estimations of
posteriors on the model parameters were performed from
the data and using the default priors. The analyses were
carried out with 4 and 6 million generations for nrDNA
ITS and cpDNA sequences, respectively, using the Markov
chain Monte Carlo (MCMC) search. MrBayes performed
2 simultaneous analyses starting from 2 different random
trees (Nruns = 2), each with 4 Markov chains and trees
sampled at every 100 generations. The first 25% of trees
were discarded as the burn-in. The remaining trees were
then used to build a 50% majority rule consensus tree
accompanied with posterior probability values. The
convergence of MCMC chains was visualized with the
Tracer program version 1.5 showing parameters with “ESS
values > 200” (http://evolve.zoo.ox.ac.uk/beast/). Trees
were visualized by TreeView version 0.5.0 (Page, 1996).
3. Results and discussion
3.1. Phenetic analysis
Cluster analysis of the studied Iranian specimens of T.
aureum species group and allies using 58 morphological
characters resulted in the phenogram depicted in Figure
1. Ward cluster analysis of the morphological dataset

Figure 1. Phenogram resulting from the Ward cluster analysis of squared Euclidean distances
among species of the Tanacetum aureum group in Iran based on 58 morphological characters.
A: T. heimerlii; B: T. aureum; C: T. oligocephalum; D: T. uniflorum; E: T. tarighii.
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revealed 5 main clusters. The first cluster (Figure 1, cluster
A) consisted of 2 populations of T. heimerlii (designated
as heimerlii-1 and -2), which was distantly separated from
other studied taxa. The separation of this species was
based on its diagnostic morphological characters, such as
numerous (up to 80) disciform capitula in dense corymbs
and linear and softly pubescent leaf lobes (Table 4). This
finding was in agreement with the taxonomic treatment
of Parsa (1949), who considered T. heimerlii as a distinct
species. The second cluster included 2 populations of
T. aureum (designated as aureum-1 and -2) (Figure 1,
cluster B). This species was easily recognizable by its 3–12
capitula in dense corymbs and oblanceolate basal leaves
(Table 4). Findings of phenetic analysis of morphological
data and the separate phylogenetic position of this taxon
in a previously reported molecular study (Sonboli et
al., 2012) confirmed the interpretation of Greuter et al.
(2005) and corroborated the recognition of T. aureum

(=T. chiliophyllum var. chiliophyllum) as an independent
species.
The third cluster (Figure 1, cluster C) consisted
of 3 populations of T. oligocephalum (designated
as oligocephalum-1, -2, and -3). Because its high
morphological variation, the taxonomic position of
this taxon is controversial. This species was originally
described as Pyrethrum oligocephalum (De Candolle,
1838). Later, T. chiliophyllum var. monocephalum Grierson
was originally described as an endemic variety from Turkey
by Grierson (1975). This variety could be distinguished by
its involucre (5–7 mm in diameter and 10–13 mm wide
in var. oligocephalum) and ligules (2–3 mm in length
and 4–5 mm long in var. oligocephalum) (Table 4). While
in Flora of Turkey (Grierson, 1975) var. oligocephalum
and var. monocephalum were considered as 2 separate
varieties under T. chiliophyllum, Podlech (1986) in Flora
Iranica relegated var. monocephalum to a synonymy of

Table 4. Diagnostic morphological characters in 3 studied taxa of Tanacetum.
Character

T. aureum

T. heimerlii

T. oligocephalum

Indumentum color

Colorless hairs

Gray and brown

Grayish-green

Outline

Oblong-oblanceolate

Oblanceolate-oblong

Oblong-oblanceolate

Dimension (cm)

11–16 × 2–4

31–33.5 × 6.5–7

13–14 × 2–2.2

Petiole length (cm)

3–7

11–18.5

4–5

Segments shape

Oval-oblanceolate

Linear oblanceolate

Oval-oblanceolate

Primary segment pairs

12–16

16–22

11–14

Secondary segment pairs

6–7

5–9

6–8

Number

(5–)12

20–63

1–2(–3)

Shape

Almost spherical

Cylindrical

Almost spherical

Diameter (mm)

7–8.7

4.6–5.7

7–15.5

Basal leaves

Capitula

Involucre

Obconical

Ovate

Hemispheric

Number of rows

3–4

5

5–6

Outer bract shape

Ovate

Ovate

Ovate-lanceolate

Convex

Strongly convex

±Convex

Number

9

4–10

19–20

Limb length (mm)

2.5–4

1–1.5

4–5

3.5

3

3.5

Length and mean (mm)

1.5–2 (1.8)

2–2.5 ( 2.3)

2.5–3 (2.8)

Number of ribs

9–10

6–7

7–8

Corona shape

Dentate-serrate

Denticulate

Crenate

Mean length of pappus

0.17

0.24

0.1

Receptacle
Ray florets

Tubular florets
Corolla length (mm)
Achenes
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var. oligocephalum. Though it was not possible to analyze
phenetic properties of specimen of var. monocephalum in
this study, close examining of the original descriptions and
photos of the type specimens of both varieties persuaded
us to follow Podlech (1986).
In Flora of the USSR (Tzvelev, 1995), T. chiliophyllum
var. oligocephalum was proposed at the species level as T.
oligocephalum. Recently, Kandemir (2012) transferred this
variety to T. aureum as T. aureum var. oligocephalum (DC.)
Kandemir. The previous molecular phylogenetic study of
Tanacetum (Sonboli et al., 2012), based on nrDNA ITS
and trnH-psbA sequences, showed that despite unresolved
phylogenetic relationships, the separate positions of T.
chiliophyllum var. oligocephalum and T. chiliophyllum
var. chiliophyllum advocated for their independent
taxonomic status. Hence, based on phenetic analysis of
morphological data and phylogenetic confirmation, we
suggest retaining var. oligocephalum at the species level as
previously proposed by Schultz (1844). The closely related
species T. uniflorum Sch.Bip. and the recently described
ally T. tarighii Sonboli (Kazemi et al., 2014) were definitely
separated from the other studied taxa and formed clusters
4 and 5 (D and E), respectively (Figure 1). The separate
molecular phylogenetic position of T. uniflorum has
already been published (Sonboli et al., 2012).
A similar picture of cluster analysis emerged from
the scatterplot produced by PCA of the same dataset.
Ordination of taxa based on the first 2 PCA factors
(Figure 2) supported results of the clustering. Based on
factor analysis of morphological data, the first 5 factors

accumulated about 86% of total variance, with the first
factor comprising about 32.8% of total variance for
characters such as the length and width of basal leaves,
the number of their primary segments, and the number
of capitula and receptacles (highest positive correlation:
>0.8), and the second factor comprising 19.4% of total
variance for characters such as the length and width of
bracts and the ligule length and glands density on achenes
(highest correlation: >0.7). While the first component
separated populations of T. heimerlii from the others, the
second factor separated populations of T. aureum and T.
oligocephalum from T. tarighii.
3.2. Molecular results
The ILD test (Farris et al., 1995) revealed significant
congruence (P > 0.01) between the 2 plastid datasets
(rpl32-trnL(UAG) and ndhF-rpl32). However, the combined
plastid and ITS datasets found no support and thus, no
combined nuclear/chloroplast dataset could be used.
Details of plastid and ITS datasets are presented in Table
5. The Bayesian analysis of these datasets led to the
phylogenetic reconstructions depicted in Figures 3 and
4, which also show both bootstrap (BS) and posterior
probability (PP) support values. The overall topology
of the ITS tree was comparable with that seen earlier in
the analysis of nuclear (ITS) and plastid (trnH-psbA) loci
(Sonboli et al., 2012). Monophyly of the ingroup taxa was
well supported (PP = 1.0) (Figures 3 and 4) and 2 major
incongruent clades were recognized within Tanacetum
in both ITS (labeled as A and B in Figure 3) and plastid
(labeled as 1 and 2 in Figure 4) trees. While in the ITS tree

2.0
1.5

PC 1

1.0
0.5
0.0
–0.5
–1.0
–3.0

–2.0

–1.0
PC 2

0.0

1.0

Figure 2. Scattergram based on the first 2 principal components showing the
clustering of 5 species of the Tanacetum aureum group from Iran based on 58
morphological characters.
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Table 5. Tree statistics of independent and combined datasets.
Independent datasets

Combined dataset
ndhF-rpl32

rpL32-trnL(UAG) + ndhF-rpl32

1044

950

1994

55

58

22

80

Number of MPTs

32

100

12

100

Length of MPTs

95

73

28

101

CI

0.68

0.85

0.85

0.81

RI

0.82

0.89

0.91

0.85

ITS

rpL32-trnL

Data matrix length

486

Informative characters

(UAG)

MPTs: Most-parsimonious trees.

Figure 3. Fifty percent majority rule consensus tree resulting from Bayesian analysis of nrDNA ITS sequences of Tanacetum
taxa. Clade C includes representatives of the T. aureum group. Numbers above branches represent posterior probabilities
(PP) and those under branches represent bootstrap (BP) values.

(Figure 3) clade A is composed of 2 deviating species of
Tanacetum sect. Xanthoglossa, i.e. T. pinnatum Boiss. and
T. stapfianum (Rech.f.) Podlech with strong supports (BS
= 96, PP = 0.98), and the sister species T. budjnurdense
(sect. Tanacetum), in the cpDNA tree T. parthenium Sch.
Bip. and T. parthenifolium (Willd.) Sch.Bip., members of
sect. Parthenium, formed a well-supported (BS = 97, PP =
1) clade (Figure 4, clade 1).

In the ITS tree, clade B (Figure 3) was a polytomy
composed of 4 subclades belonging to different
representatives of the studied sections of Tanacetum,
but despite robust internal topology, this clade had no
statistical support.
Clade C (Figure 3) largely corresponded to Tanacetum
sect. Xanthoglossa, where all but 2 deviating species (i.e. T.
pinnatum and T. stapfianum) of this section were recovered
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Figure 4. Fifty percent majority rule consensus tree resulting from Bayesian analysis of cpDNA combined dataset
(cpDNA rpL32-trnL(UAG) + ndhF-rpL32 spacers) of Tanacetum taxa. Clades 3 and 4 include representatives of the T.
aureum group. Numbers above branches represent posterior probabilities (PP) and those under branches represent
bootstrap (BP) values.

in a single clade (PP = 1), which also included T. vulgare
L. (sect. Tanacetum). The focal species of this study, i.e. T.
aureum, T. oligocephalum and T. heimerlii, were nested in
clade D, which consisted of 3 subclades (labeled as D-1,
D-2, and D-3 in Figure 3). Clade D-1 included a single
species, T. uniflorum, and clade D-2 included T. heimerlii,
T. tarighii, T. polycephalum Sch.Bip. subsp. polycephalum
Podlech, T. canescens DC., and T. tabrisianum (Boiss.)
Sosn. & Takht. The highly supported clade D-3 (PP =
0.95) was a polytomous grouping of T. aureum and T.
oligocephalum together with T. polycephalum subsp.
argyrophyllum (K.Koch) Podlech. The members of
Tanacetum sect. Xanthoglossa of ITS tree clade C (Figure
3) collapsed in a polytomy in the plastid tree (Figure 4). In
the plastid tree, T. aureum was resolved as a sister species
and nested in a distinct clade as opposed to the ITS tree
(clade 3 in Figure 4), whereas T. oligocephalum and T.
heimerlii formed a robust clade (clade 4 in Figure 4) with
high support (PP = 0.99).
The other difference between the 2 trees was the position
of T. tarighii, which was closely related to T. uniflorum in
the plastid tree (PP = 0.99) and in a polytomous group with
T. heimerlii, T. polycephalum Sch.Bip. subsp. polycephalum
Podlech, T. canescens DC., and T. tabrisianum (Boiss.) Sosn.
& Takht. in the ITS tree. The 2 most likely explanations
for the observed differences between these phylogenies
could be attributed to incomplete lineage sorting or to
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ancient hybridization, prevalent phenomena in the family
Asteraceae (Pelser et al., 2010).
3.3. Conclusions
Data of morphological characters obtained from samples
of wild populations of the T. aureum species group from
Iran were subjected to multivariate analyses to determine
phenetic relationships within them. Results showed
that 3 varieties of T. aureum (i.e. var. oligocephalum, var.
heimerlii, and var. aureum) should retain their formerly
described species ranks. Hence, T. aureum, T. heimerlii,
and T. oligocephalum have been here designated as distinct
species. Moreover, the separate phenetic and molecular
phylogenetic position of the newly described species T.
tarighii, closely related to this group, was corroborated.
Our results also support the distinct taxonomic position
of T. uniflorum.
As far as we could ascertain from our literature survey,
3 different ploidy levels (diploid, triploid, and tetraploid)
had been assigned to T. chiliophyllum, indicating once more
the prevalence of polyploidy within this complex group.
This could be considered as prominent evolutionary force
for sympatric speciation in this group, as reported in other
members of Anthemideae (Vallès et al., 2005). Polyploidy
could also be regarded as an indication of recent hybrid
origin, which represents itself as discordant nuclear and
plastid phylogenetic patterns (Carine et al., 2007 and
references therein).
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Bayesian analyses of nrDNA ITS and cpDNA
sequences indicated that the Tanacetum aureum complex
is a paraphyletic group and, as such, representatives of
its previous varieties were placed in completely distinct
and independent clades. This distinctness was supported
with high statistical support indices in the alternative
branches of the phylogenies. In light of the new findings
on the taxonomic characterization of the genus Tanacetum
(Mozaffarian, 2005; Djavadi, 2008; Sonboli et al., 2010a,
2010b, 2011a, 2011b, 2012; Kazemi et al., 2014; present
study), the Tanacetum species number in Iran is now
adjusted to 36. To accommodate a more convenient
identification, a key to the species, followed by a conspectus
and description for each reassessed species, is presented
below.
Taxonomic treatment and identification key to the
species (Figures 5A–5C)
1a. Basal leaves tripinnatisect, 31–34 cm (incl. petiole),
petiole 11–19 cm, canescent. Inflorescence dense
compound corymb, capitula 20–80, involucre 3–3.5
mm in width. Ligules 1–1.5 mm long .... 1. T. heimerlii
1b. Basal leaves bipinnatisect, 3–16 cm long (incl. petiole),
petiole 1–7 cm, grayish-green. Inflorescence lax to
±dense simple corymb, capitula 1–10(–12), involucre
4.5–12 mm in width. Ligules 2–5 mm long ................ 2

2a.		 Capitula (5–)6–10(–12), on short (0.6–6 cm) peduncle
in rather dense simple corymb, involucre 4.5–5.5 mm
in width. Ligules 2.5–4 mm long .............. 2. T. aureum
2b. Capitula (1–)2–3, on long (6–13 cm) peduncle in a
lax corymb, involucre 5.5–12 mm in width. Ligules
4–5 mm long ................................. 3. T. oligocephalum
1. Tanacetum heimerlii (Nábělek) Parsa, Fl. Iran, 3: 280
(1949). Figure 5A.
Syn.: Chrysanthemum heimerlei Nábělek in Publ. Fac.
Sci. Univ. Masaryk Brno 52: 23, t. 1 f. 1 (1925).
Tanacetum chiliophyllum var. heimerlei (Nábělek)
Grierson in Notes R.B.G. Edinb. 33(3): 434 (1975).
T. aureum (Lam.) Greuter et al. var. heimerlii (Nábělek)
Kandemir, Türk. Bitkileri List 204 (2012).
Description:
Perennial. Plant more than 50 cm tall, with long,
ligneous, gross, branched rhizome, grayish from profuse
fine tomentum of appressed hairs. Stems numerous,
fertile and sterile, erect, firm, with white, curled dense
hairs at base, sparse tomentum of ascending hairs above,
ribs prominent, striate, from base to the middle or a little
above the middle bearing 3–4 leaves, upper naked. Basal
leaves 31–34 cm (incl. petiole), 5–7 cm wide, grayish from
profuse fine tomentum, with punctate glands; brown
hairs along with the first and second rachis, petiole long,

B

A

C

Figure 5. Photos of wild collection of studied Tanacetum species. A) Habit, inflorescence
and basal leaf of T. heimerlii. B) Habit, inflorescence, and basal leaf of T. aureum. C)
Habit of T. oligocephalum.
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11–19 cm, with more or less wide sheath at base, hairs
long, dense, appressed and gray, above canaliculated;
lamina almost equal in length, tripinnatisect, 16–22 pairs
of primary oblanceolate-oblong segments, secondary
segments often lobed or divided, terminal lobes and
segments oblanceolate, rarely oblong, acute, up to 0.5–0.6
mm wide. Cauline leaves similar to the basal ones, sessile,
upper become gradually smaller. Capitula numerous (20–
80), on peduncles 0.2–1.2 cm long, cylindrical, 4.6–5.7
mm in diameter, in dense compound corymbs, terminal,
peduncles with dense, gray tomentum. Involucres ovate
in outline, 3.8–4.2 mm in diameter and 3–4 mm long;
involucral bracts 18–20, yellow, herbaceous, outer ovate,
obtuse, with dense long white hairs, less than 3 mm long,
1.5 mm broad, with long, ciliate cuts, inners oblongspathulate, obtuse, from middle to the tip broad, hyaline,
scarious, with deep cuts, 4–4.5 mm long and 1.5–2 mm
wide. Florets 35–55, all hermaphroditic, receptacle
strongly convex, peripheral female florets ligulate, strawcolored, 4–10, corolla tube 1.5–2.5 mm long and limb
1–1.5 mm long, tubular florets of disk 25–45, glandulate,
corolla 3 mm long. Achenes 2–2.5 mm long, 0.5 mm wide,
with 5–7 longitudinal ribs, almost incurved, attenuate at
base, with very small glandular trichomes, corona 0.24
mm long, denticulate.
Distribution: Turkey, Iran (West Azerbaijan Province).
Figure 6.
Note: In the protologue, the specific epithet was spelled
as “heimerlei”, but it should be corrected to “heimerlii”
according to Article 60C.1 of the ICNAFP (McNeill et al.,
2012).
Habitat: Mountains, stony slopes.
2. Tanacetum aureum (Lam.) Greuter et al. Taxon
54(1): 156 (2005). Figure 5B.
Syn.: Achillea aurea Lam., Encycl. 1(1): 26 (1783).
Pyrethrum chiliophyllum Fisch. & C.A.Mey. ex DC.,
Prodr. 6: 59 (1838).
P. armenum C.Koch in Linnaea XVII: 46 (1843).
P. cheilanthifolium Sosn. in Izv. Kavk. Muz. 10: 11
(1916).
P. transcaucasicum Sosn. in Trudy Azerb. Otd. Zakavk.
Fil. Akad. Nauk SSSR, Bot. 1: 46 (1933).
Gymnocline chiliophylla (Fisch. & C.A.Mey.) C.Koch in
Linnaea XXIV: 339 (1851).
G. armena (C.Koch) C.Koch in Linnaea XXIV: 340
(1851).
Chrysanthemum transcaucasicum (Sosn.) Bornm. in
Fedde. Repert. XXXVI: 350 (1934).
Tanacetum chiliophyllum (Fisch. & C.A.Mey. ex DC.)
Sch.Bip. Tanacet. 47 (1844).
Description: Perennial. Plant (6–)27–37(–47) cm
high, with short, creeping, more or less branched rhizome,
grayish from profuse fine tomentum of appressed bifid
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and simple hairs. Stems few, less often solitary, erect or
basally ascending, sparsely leafy, more or less branched at
apex. Leaves grayish-green from profuse fine tomentum,
with inconspicuous punctate glands; basal leaves up to
11(–16) cm long and up to 3.5(–4.0) cm wide, petiole
3–7 cm long, bipinnatisect, 12–16 pairs of primary ovaloblanceolate segments, somewhat oblong to broadly linear,
their secondary segments often lobed or divided, terminal
lobes and segments almost suborbicular to oblong, up to
1.5 mm wide, obtuse but often with very short cusp; cauline
leaves oblong, much smaller and less divided, middle and
upper sessile. Capitula (5–)12, on relatively short (0.6–6.5
cm) peduncles, almost spherical, 7–8.7 mm in diameter,
in rather compact, regularly corymbose inflorescence.
Involucres obconical in outline, 4.5–5.5 mm in diameter
and 4–6 mm long, more or less appressed-hairy; involucral
bracts 22–33, coriaceous-herbaceous, outer ovate,
subobtuse, 3–4.5 mm long, 2.5–3 mm wide, inner oblonglinear, 4.5–5 mm long, 1–1.5 mm wide, all bracts with wide,
light-colored or brownish membranous border, in inner
bracts appendiculately broadened at apex. Florets 60–180,
convex receptacle, peripheral florets female, ligulate, yellow,
9(–25), corolla tube 2.0–2.5 mm long and limb 2.5–4.0 mm
long, 1–3 mm wide; tubular florets of disk hermaphroditic,
50–170, corolla 3.5 mm long. Achenes 1.5–2 mm long and
0.5–0.8 mm wide, with 5–10 longitudinal ribs, corona 0.17
mm long, dentate-serrate.
Distribution: Turkey, Caucasus, Iran (West and East
Azerbaijan Provinces). Figure 6.
Habitat: Stony and rubbly slopes, and steppes to
middle mountain zone.
3. Tanacetum oligocephalum (DC.) Sch.Bip., Tanacet.
48 (1844). Figure 5C.
Syn.: Pyrethrum oligocephalum DC., Prodr. 7: 297
(1838).
P. millefoliatum (L.) Willd. var. oligocephalum (DC.)
Boiss., Fl. Or. 3: 349 (1875).
P. chiliophyllum Fisch. & C.A.Mey. ex DC. var.
oligocephalum (DC.) Sosn. in Izv. Kavkaz. Muz. 10: 14
(1916).
Tanacetum chiliophyllum (Fisch. & C.A.Mey. ex DC.)
Sch.Bip. var. oligocephalum (DC.) Sosn. in Izv. Kavkaz.
Muz. 10: 14 (1916) [illeg.].
Pyrethrum sosnovskyanum Grossh., Fl. Kavk. 4: 132
(1934).
Tanacetum chiliophyllum (Fisch. & C.A.Mey. ex DC.)
Sch.Bip. var. monocephalum Grierson in Notes R.B.G.
Edinb. 33: 427 (1975).
T. aureum (Lam.) Greuter et al. var. oligocephalum
(DC.) Kandemir, Türk. Bitkileri List. 204 (2012).
Description: Perennial. Plant 35–50 cm tall, with short,
creeping, more or less branched rhizome, grayish-green
from profuse pubescence of appressed bifid and simple
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Figure 6. World distribution map of the studied Tanacetum species. Larger symbols correspond to the
populations analyzed in the current study.

hairs. Stems few, less often solitary, erect, sparsely leafy,
simple or with few lateral branches in upper part. Leaves as
in previous species (basal leaves up to 14 cm long and up
to 2.2 cm wide, petiole 4–5 cm long, bipinnatisect, 11–14
pairs of primary oval-oblanceolate segments, somewhat
oblong to broadly linear, their second-order segments
often lobed or divided, terminal lobes and segments almost
suborbicular to oblong, 1 mm long, obtuse but often with
very short cusp; cauline leaves oblong, much smaller and
less divided, middle and upper sessile). Capitula solitary
or 2, rarely 3 on a single stem, on rather long peduncles of
up to 6–13 cm, almost spherical, 7–15.5 mm in diameter.
Involucres hemispheric in outline, 5.5–10 mm in diameter
and 4–7 mm long, lax hairs; involucral bracts as in
previous species (45–55, coriaceous-herbaceous, outer
ovate-lanceolate, obtuse, 3.5–4 mm long, 3 mm wide, inner
oblong-linear, 5–5.5 mm long, 1–1.5 mm wide, all bracts
with wide, light-colored or brownish membranous border,
in inner bracts appendiculately broadened at apex.). Florets
more than 200, more or less convex receptacle, peripheral

florets female, ligulate, yellow, 19–20, corolla tube 2.0–2.5
mm long and limb 4–5 mm long; tubular florets of disk
hermaphroditic, corolla of tubular florets 3.5 mm long.
Achenes 2.5–3 mm long and about 0.6 mm wide, with 7–8
longitudinal ribs, more or less glandulose, corona 0.1 mm
long, irregularly crenate.
Distribution: Turkey, Caucasus, Iran (West and East
Azerbaijan Provinces). Figure 6.
Habitat: Stony slopes, and rocks in middle mountain
zone.
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