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ABSTRACT

ANATOMY, PALYNOLOGY AND FLORAL DIVERSITY OF THE GENUS
LAMIUM L. (LAMIACEAE) IN TURKEY

Atalay, Zeynep

Ph. D, Department of Biolagal Sciences

Supervisor: Prof . Dr . Musa Doj

January201q 208 pages

Lamium L. is the type genus of subfamily Lamioideae and family
Lamiaceae Due to the alence of recognizablemorphological characters,
circumscription of the genus has undergone many changes througitirkey is
the main biodivesity center of the genus with 36 taxa,df8vhich are endemic

Even though many genera in the subfamiliy Lamioideae have been subjected
to various anatomical and micromorphological studies comprehensive
investigation of the genusamiumis still lacking. In the first part of this study, the
anatomical (root, stem, leaf and petiole) and micromorphological (trichome and
pollen morphology) characteristics of thamiumspecies in Turkey are presented
and their taxonomic implications are discussedgéfter with gross morphology,
such anatomical and micromorphologichlaractersare provedo betaxonomically

informative in the delimitation atertaininfrageneric taxa.



In the second part of th&gudy,pollination biology andloral diversity of bee
pollinated Lamium species;including Lamium villosifoliumand L. album subsp.
crinitum, which grow sympatricallyin Isik Mountain, Kizilcahamam, were

investigatedTwo Lamiumspecies are clearly adapted to pollination by Apiodea

Field and laboratory investigations revealed thabcouringLamiumspecies
are isolated from each other on the basis of morphological, mechanical and
altitudinal aspectsThe diversity of floral constructions increases the mechanical
isolation by attradhg different pollinators and by loading pollen affetent parts of
pollinator's bodies. Range in the plant population density along the altitudinal

gradient clearlyriggered the pollinator assemblage variation

Keywords: Anatomy, Palynology, Micromwrphology, Lamium Pollination,
Systematics
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T! RKKYEOGDE BAMIUMIAN ( LAMI ACENKEANATONIK S K
POLEN VE¢ KEK ¢EK RLKLKGK! ZERKNE ¢ A L | KLKRA

Atalay, Zeynep

DoktoraBi yol oj i Bl ¢ mg
TezY° netRrcafs.i Dr. Musa Doj an

Ocak2016 208 sayfa

LamiumL . cinsi Lami aceae familyasénén ve La
Ayeét edici karakterlerin a2l jsébebi ile, cinsin&sn ér | ar & zaman i -ind
dej i ki k1 ir]JTegrkiyue] rdaemeé k1t6eé t ane s i endemi k ol ma

g°% st er me kdame dinsin biye adtlitik merkezidir.

Altfamilya Lamioideae4 i nd e k i p eekinde-anatomik e mikrongorfolojik

- amatakya@ | mBakdalamiumc i n s i czerinde bu tip -al
Bu - alndkkéna mé n wkige,dekiCgmiumt ¢ r | er i ni n avdeat omi k
yaprak ve petiolmat omi si ) ve mi kromorfolojik (tg¢y
veril mi k, bt aksaomkmiek | & nie mi tart éxkeéel mex

ozellikler ile beraberanatomikve mikk o mor f ol oj i k karakterl eri

kategorilerde taksonomtrk °neminin ol duju
Bu -al ékmaneén i Kkinci k € s néénnddaa ,y akyéézl éél kc agh®as
Lamium

Vil



L. villosifolium ve L. albumsubsp.crinitumt ¢ r 1l eri nin teel akmakbiyol
—eki t il i czerinde Lamume gma,l abelyiapgil meki er .

arélarla tozlakmaya adapte ol muktur .

Arazivelamr at uv ar k§dada &kikamiumtagre¢s ébi rbirl erinden mo

mekani k ve y¢kseklik °2zellikl erdi a-éseéndan
farkl el ek, mekani k i1 zolasyonu arttermakt a,
b°l geltearkiéemdneas @éné sajl amaktader. Yeksekl i ]oe
bit ki pop¢l asyon yojunluju, tozlaktéreceée bir

Anahtar kelimeler: Anatomi, Palinoloji, Mikromorfoloji, Lamium Polinasyon,

Sistematik
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CHAPTER 1

INTRODUCTION

1.1Brief History of the Lamiaceae

The family Lamiaceae Martingvone of the most distinctive angiosperm
families, hadong been a target group for study for many botanists (Stevens; 1984).
Labiatae includes annual, biennial and perennial herbs, shrubs or trees that have
nearcosmopolitan distribution, but are absent from the coldest regions of high
latitude or altitude(Harley; 2004, Thorne; 1992). The family contains 236 genera
and about 7000 species (Harley; 2004). The family is known for many aromatic
plants that are economically very important, especially in the Mediterranean region
and in many parts of Asia. The gpes of Salvia (sage), Mentha (perppermint),
Thymus(tyme), Origanum (oregano),Rosmarinugrosemary), which are noted for
their essential oils, are used for culinary purposes (Harley et al. 2004). Many
members of the Lamiaceae are rich in nectar, which is important for the production
of honey that is produced from the natural vegetation e@alty the Mediterranean
area (Harley et al. 2004). 236 genera that comprise the Labiateae, nearly half of the
known species are restricted to the 10 largest genera, su&alas (900 spp.),
Clerodendrum(500 spp.)Scutellaria(360 spp.) Stachyq300 spp.), Teucrium(250
spp.), Thymugq220 spp.) (Harley et al. 2004).



Most species in the family have square stems, opposite leavespped
flowers, a deeply foulobed ovary and four stamens. The Lamiaceae have long been
considered closely related toekbenaceae with many characters in common. The
Lamiaceae is generally separated from Verbenaceae on the basis of its gynoecium
and fruit structure. Genera with an almost entire ovary were included in Verbenaceae
however they were then transferred to Lara@e and most recently, they are
accepted in the Lamiaceae (Junell; 1934, Cantino et al. 1992, Harley et al. 2004,
Govaerts et al., 2010).

The classification of the Lamiaceae by Briquet (:8897) was influenced
by and was largely based on a series of comprehensive treatments of Bentham
(18321836; 1848; 1876). The most significant alteration of Briquet to Bentham's
classification was the mging of four tribes into a large subfamily Lamioidae
(Stachyoideae), which was considered as-garpolyphyletic by Cantino & Sanders
(1986). On the basis of palynological features, Erdtman (1945) proposed an
alternative classification of the Lamiacedeviding the family into two subfamilies;
Lamioideae, with tricolpate and binucleate pollen, and Nepetoideae with hexacolpate

and trinucleate pollen.

In addition of a variety of embryological and phytochemical characters,
Erdtman’s division was highlgupported (Wunderlich, 1967; Cantino & Sanders,
1986). Bentham being unaware of the characters that delimit Erdtman’s subfamilies,
his tribal classification showed high congruence with Erdtman’s subfamilial
classification; thus he was recognized as a geharbarium taxonomist (Cantino &
Sanders, 1986). Erdtman’s division was further analysed by Cantino & Sanders
(1986) using a broader range of characters, in which they concluded that;
Nepetoideae appeared to be monophyletic whereas Lamioideae was @ot. Th
monophyly of Nepetoideae was also indicated in various molecular analyses (e.qg.
Wagstaff et al., 1995; Wagstaff & Olmstead, 1997). Nepetoideae may have been
derived early in the history of the family and the gynobasic stye may have evolved
independentlyn Lamioideae (Wagstaff et al. 1998). Since Wagstalff et al. (1998), no



phylogenetic analyses including the seven subfamilies of the Lamiaceae has been

published.

Subsequently, in the clearer picture of the subfamilial classification of the
Lamiaceae, Héey et al. (2004) divided the family into seven subfamilies however
the relationships among the subfamilies will remain a mystery until a more
comprehensive phylogetic study is done. The recent infrafamiltddssification of
the Lamiaceae igiven in Fgurel.

Classification of the Labiatae (Lamiaceae)
1. Subfam. Symphorematoideae Brig. in Engler & Prantl
(1895).
(Gen. 1-3).
II. Subfam. Viticoideae Brig. in Engler & Prantl (1895).
(Gen. 4-13).
I1I. Subfam. Ajugoideae Kostel. (1834).
(Gen. 14-37).
IV. Subfam. Prostantheroideae Luerss. (1882).
1. Tribe Chloantheae Benth. & Hook. f. (1876).
(Gen. 38-47).
2. Tribe Westringieae Bartl. (1830).
(Gen. 48-53).
VI. Subfam. Scutellarioideae (Dumort.) Caruel (1884).
(Gen. 54-58).
VII. Subfam. Lamioideae Harley
(Gen, 59-121).
VII. Subfam. Nepetoideae (Dumort.) Luerss. {1882).
1. Tribe Elsholtzieae (Burnett) Sanders & Cantino (1984).
(Gen. 122-126).
2. Tribe Mentheae Dumort. (1827).
a. Subtribe Salviinae (Dumort.) Endl. (1838).
(Gen. 127-134).
b. Subtribe Menthinae (Dumort.) EndL (1838).
(Gen. 135-177).
c. Subtribe Nepetinae (Dumort.) Coss. & Germ. (1845).
(Gen. 178-189).
d. Mentheae: Incertae sedis:
(Gen. 190-191: Melissa L., Heterolamium C.Y. Wu).
3. Tribe Ocimeae Dumort. {1829).
a. Subtribe: Lavandulinae Endl (1838).
(Gen. 192).
b. Subtribe: Hanceolinae (C.Y. Wu) A.]. Paton, Ryding &
Harley (2002).
(Gen. 193-195).
c. Subtribe: Hyptidinae Endl. (1838).
(Gen. 196-203).
d. Subtribe: Ociminae (Dumort.) Schmidt in Mart. (1858).
(Gen. 204-215).
. Subtribe: Plectranthinae Endl. (1838).
(Gen. 216-226).

Figure 1.Classification othefamily Lamiaceae (Harley et ak004)
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At its current circumsciption, the family consists of seven subfamilies, of
which Lamioideae is the second largest with about 1250 species in 63 genera (Harley
et al., 2004). The members of the subfamily are characterized by a gynobasic style,
tricolpate pollen grains, albuminous seeds and pathulate embryos (Harley et al.,
2004). In the subfamily, about half of the toralmber of species belongs only
four general(eucas Phlomis Sideritisand Stachg) and there are a large number of
monotypic genera kich clearly reflects the taxonomic challenges of the Lamioids.
Since Harley et al. (2004), a phylogenetic framework for the subfamily Lamioidae
was produced by Scheen et al. (2010) and they divided the subfamily to 9 tribes.
Later on, Bendiksby et al. (2@a) produced an updated phylogeny of the lamioid
genera that were omitted in the study of Scheen et al. (2010); in which genus

Lamiumwere placed in tribe Lamieae, together vétfiophytons.l. andStachyopsis

1.2 General Characteristics ofLamium species

The common name of the genus "deadnettle” refers to the resemblance of the
vegetative parts dfamium albunto distantly related stinging nettledrtica dioica;
Urticaceae), however the members of the gdramiumdo not have such stinging
hairs and this may suggest a harmless mimicry (Brown et al. 1991).

The deadnettle flower has five spiky sepals, which are joined at the base to
make a cugike shape. Five joined petals form the corolla, of which the uppermost is
well-developed and forms thevo-lipped flower structure. There are four stamens
under the upper lip of the flower and their flaments are joined to the corolla tube.
The forked(bifid) stigma and the longyde end with a foutobed ovaryFigure 2).

Lamium species possessantioxidant, antinflammatory, astringent,
antispasmodic, antiseptic, uterotonic propertes are used as official and folk
medicines in Anatolia, China and Europe, which are useful for problems as

menorrhagia, paralysis, hypertension, chronic broischjprostrate and scrofula



Bremness, 1995; Baytop, 1999). Also sorhamium species are grown as

ornamental plants in gardens and parks (Rudy, 2004).

Figure 2. Flower structure of ALamium albumL., B & C Lamium cariense
R.R.Mill.



1.3Taxonomic History of the genud_amium

LamiumL., the type genus of subfamily Lamioideae and the Lamiaceae,
comprises 188 species, depending on the circumscription of the genus (Briquet
18951897; Mennema 1989; Harley et al. 2004; Bendikshy et al. 20Laa)ium
includes both annual anskparate herbaceous plants that are widely distributed
throughout temperate Eurasia, where its center of diversity lies in theTtaanian
and Mediterranean regions (Mennema 1989).

Delimitation of Lamium from its related genera has been an important
challenge inthe taxonomic history of the genuBue to the alence of recognizable
morphologicalcharacters, circumscription of the genus lmadergonenany changes
through time Several East Asian labiates with uncertain generic position have been
placed inLamiumwhich served as a repository genus (Mennema 1989).

In Species Plantarum (1753), Linneaessognized species and 1 variety of
Lamium Then in 1763, he increased the species number to 8. In 1800, Willdenow
recognizedl3 Lamiumspecies. Bentham (1848) and Briquet (18@&8ognized35
and 38 speciegespectively. Since then, over 160 names have been described at
species and infraspecifrank. In his monograph, Mennema (1989) treated many of
the earlier speciedistributed bothin Turkey and in the Worldas subspecies
varieties or synonyms and reduced the species nutob®8 in the world. In his
monograph, Mennema (1989ecognized 3 subgenera;Orvala (L.) Briq.,
Galeobdolon(Adans.) Asch and.amiumL.; with 3 sections:sect. Amplexicaule
Mennemasect.Lamiumand sectLamiotypusDumort. In subgenusamium(Table
1). However, the infrageneric classification proposed by Mennema (1989) contrasts
with his intuitive phylogenetic tree, morphological and molecular investigations
(Ryding, 2003; Bendiksby et al. 2011b).



Table 1. Infrageneric classification of the gendsmium by Mill (1982) and
Mennema (1989).

Taxon
and Mill (1982), Flora of Mennema's
Number Turkey Monograpgh (1989)
of Species
1 1 Lamium lycium
2 2 L. cariense
3 3 L. pisidicum
4 4 L. tenuiflorum
5 5 L. veronicifolium
6 L. garganicunsubsp.
striatum
} L. garganicunmsubsp. L. garganicumsubsp.
reniforme striatumvar. striatum
8 L. garganicunsubsp.
nepetifolium
L. garganicumsubsp.
10 6 garg p
rectum
Sect.
" Lamium L. garganicunmsubsp.
lasioclades
12 L. garganicunmsubsp.
pulchrum
13 L. garganicurmsubsp. L. garganicumsubsp.
laevigatum garganicum




Table 1 (cont'd)

Taxon and
Number of Mill (1982), Flora of Mennema's
] Turkey Monograpgh (1989)
Species
14 7 L. microphyllum
L. garganicumsubsp.
15 8 L. cymbalarifolium striatumvar.
microphyllum
16 9 L. sandrasicum
L. armenunsubsp.
17
10 armenum L. garganicunsubsp.
L. armenunsubsp. striatumvar.armenum
18 Sect. . o
) sintenisii
Lamium
19 11 L. ehrenbergii
L. purpureunvar.
L. purpureunvar. i
20 purp ehrenbergii
purpureum
12 L. purpureunvar.
01 L. purpureunvar. purpureum
aznavourii
- L. eriocephalunsubsp.
eriocephalum
13 L. eriocephalum
93 L. eriocephalunsubsp.
glandulosidens
24 14 Sect. L. amplexicaule
Amplexicaule . L. amplexicaule
25 15 L. aleppicum
26 16 L. macrodon L. macrodon




Table 1 (cont'd)

Taxon and
Number of Mill (1982), Flora of Mennema's
) Turkey Monograpgh (1989)
Species
L. maculatunvar.
27
maculatum
17
08 L. maculatunvar.
villosifolium L. maculatum
29 18 L. gundelsheimeri
30 19 L. truncatum
31 20 L. album subspalbum
32 21 L. crinitum
subspcrinitum
33 22 L. leucolophum
L. tomentosumar.
34 )
hakkariense
L. tomentosumar.
35
tomentosum
23 Sect.
36 Lamiotypus L. tomentosurwar. L. tomentosum
filicaule
L. tomentosumar.
37
alpestre
38 24 L. sulfureum
L. moschaturwar.
39 - moschatum L. moschatunsubsp
moschatum
40 L. moschatunvar. rhodium




Table 1 (cont'd)

Taxon and
Number of Mill (1982), Flora of Mennema's
] Turkey Monograpgh (1989)
Species
L. moschaturwvar.
41 micranthum L. moschatunsubsp.
micranthum
42 26 Sect. L. ponticum
Lamiotypus
43 27 L. galactophyllum
44 28 NI L. tschorochense NI
45 29 NI L. vreemanii NI
L. artvinense
47 31 NI NI
(Galeopsis bifida)
Lamium orientale
48 32 NI . o _ NI
(Wiedemannii orientalis)
Lamium multifidum
49 33 NI (Wiedemannii NI
10eparatel0)
50 34 Subg. Lamium galeobdolon Lamium galeobdolon
Galeobdolon (Galeobdolon luteum) subspmontanum
51 35 | Subg.Orvala NI Lamium orvala

NI: not indicated
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Lamium galeobdolon(L.) L., which is morphologically very distinct, has
been included irseparategenera ad.amiastrumHeist. Ex Fabr. Or Galeobdolon
Adans.On the other handiarley et al. (2004and Govaerts et al. (2010) included
the species irLamium According to the latestolecular phylogenetic studies by
Bendiksby (2011b) and Krawczyk (2013a, b), including the speciessepaate

genus is not suggested.

The generic classification &/iedemannidisch. & C.A. Mey.Hasvaried in
literatures.Lamium multifidumL., previously described aslaamiumspecies, later
assigned t&Wiedemannidy Bentham (1848). Similarly,. orientale(Fisch. & C.A.

Mey.) E.H.L. Krausewvas previously included iWiedemannidy Fischer & Meyer
(1838). However, the two species Wiedemannichave been included ibamium
(Krause 1903; Ryding 2003) and their classification was adopted by Harley et al.
(2004) and Govaerts et al. (2010ccording to Bendiksby et al. (2011b),

Wiedemannias phylogenetically nested withlcamium

Fig. 90, A blikender Zweig vou Lamiwm Ortala L. — B bliheader Zweig von Erencstuchys Regeliana Bunge.

Figure3. An illustration ofLamium orvalafrom Briquet (1897)
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In a recent molecular study on the subfamily Lamioideae, Scheen et al.
(2010) proposed tribe Lamieae to encompdammiums.str. and taxa that have been
assigned to the separate genameiastrumHeist. Ex Fabr.And Wiedemannid-ish.

& C.A. Mey. Subsequently, the problematic East Asiaamium species are
trarsferred to Matsumurella Makino and Eriophyton Benth. (Bendiksbyet al,
2011a). Another recent molecular phylogenetic study on varibasnium taxa
(Krawczk et al, 2019 and the problematit. galeobdolon(Krawczyk et al, 2013

still hasnot enlightened the problems in this particular genus. Many of the Turkish
endemic species were not included in the previous phylogenetic stlities,. a
morographic work on the genus, comprising the Turkish endemics is urgently

needed.

In Flora of Turkey, Mill (1982) recognized7 species, reaching a total of 43
taxa withsubspecies and varieties. In the following years, 4 more spediesnidm
were described orecorded from Turkey (Dumar000). Turkey is the main
biodiversity center of the genus with 47 taxa, ca. 52% of which are endemic (Mill
1982; Duman 2000).Since most of the infrageneric treatments were conducted on
herbarium specimenst is an urge to conduct a revisional work on the genus in

Turkey to solve its taxonomic problems.

1.4 Anatomical and Micromorphological Studies onthe Lamiaceae

1.4.1 Anatomy

The concept of character is fundamental to the discipline of taxonomy, where
they provide the basic information for identification and classification processes. The
description and characterization of plants is the primary process in clarifying patterns
of evolution (Dickison, 2000). Thus every available character and its states are
valuable in systematicsAnatomical properties or the internsfructures of plant
organs are significant source of data for the classification of plaAtsatomy and
physiobgy of plants are closely correlated where those features of plants has

12



changed with novel mechanisms. These features are of significant adaptive value and
provide valuable characters in elucidating phylogenetic relationships and in
assessing homology. Tiefore, anatomical data can be taxonomically informative in

studying plant systematics (Dickisd2000;Simpson 2006)

Many studies on the morphological and anatomical structures in some genera
of Lamiaceae have been shown that these data are usefiffeatnt taxonomic
levels (Wojciechowskal966; Hedge 1970; Husain et gl.1990; Demissew and
Harley 1992; Ryding 1992, 1994, 1995; Marin et all1994, 1996;Turner and
Delprete 1996; Guerin 2005; Salmaki et gl.2008; Kahraman et al2011). The
usefulness of anatomy and its implication in the systematics of Lamiaceae are well
known from various comprehensiveorks (Laber, 1954; Bech 1963; Bokhari and
Hedge 1971; Metcalfe and Chalk979; Ryding 1993, 1994, 2007; Bosabalidis and
Kokkini, 1997). Such that; the structure of vascular bundles in petioles has been
demonstrated to have taxonomic significance in the family Lamiaceae (Metcalfe and
Chalk, 1972). Moreover, comparative leaf anatomy including characteristics of leaf
transverse extions in higher plants has indicated to be of great significance in
species delimitation (Radford et ,all974; Stace 1984; Simpson, 2006). For
example, comparative leaf anatomy has also been shown to be useful in delimitation
of taxa in various generaf Lamiaceae (Bokhari and HeddE71: Salvig Azizian
and Cultey1982:PhlomisandEremostachy)s

There are several studies on taxonomy, morphology, anatomy, trichome
micromorphology, palynology and cytology dhmium species (Mill, 1982; Gill,
1983; Mennema, 1989; Abhsab and Canti no, 1994; Bar e
2011; Celep et al., 2011). However, anatomical features of bastum species

have not been invagated yet.
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1.4.2 Palynology

Palynology, the study of pollen grains, h@asvided valuable characters that
have been used in elucidating phylogenetic relationships among [platién grains
have variable parameters, such as, size, shape and the number and position of
apertures. Especially, the pollen wall bears extremelgrgesstructure and sculpture.
In plant systematics, the characteristics of these features are as important as any
other morphological data. For this reason, palynological studies are used extensively

in plant systematics (Simpsa2006 Hesse 2009.

Pollen morphological studies in various genera of the fabdiniaceadnave
been carrid out by many authors (Erdtmab945; Wunderlich,1967; Cantino and
Sanders1986; AbuAsaband Cantino,1989,1992, 1993a, b1994; Harley et al.,
1992; Harley, 1992; \Agstaff,1992; Celenk et al.2008a, b;Moon et al.,2003,
2008a Salmaki et al.2008; Hassan et al.2009 ¥ z | e 2011g Mostaflthe ,
palynological studies including thenembers of thd.amioideae havefocused on
certain genera (Huyn, 1972; Bassethd Munro, 1986) whereas the most
comprehensive palynological work on teebfamily was conducted by AlbAsab
and Cantino (1992, 1994), supporting the segregetaion of certain genera on the basis
of pollen morphology however their work comprises only a femnium species
Even though many genera in the subfamiliy Lamioideae have been subjected to
various palynologicalworks a comprehensive palynological investigation of the
genusLamiumis still lacking. Suchmicromorphological characters may show to be
informative in the delimitation of infrageneric taxd.may be a good case study
giving evidence for the usefulness of pollen morphological characters of the genus

for its phylogeny and classification.
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1.4.3 Trichome Morphology

Many plants have snooh or nonsculptured epidermal surfaces whereas a
large number of them have an indumentum bearing hairs or trichomes. There are
various types of trichomes that arise from the surface of plants, such as, unicellular
or multicellular tichomes without any exretions andglandular trichomes that
produceessential oils with secretions (Dickis&200Q.

The taxonomic value of indumentum and its sytematic importance is well
known in Lamiaceae and in related families Verbenaceae and Scrophuladadeae
is suggested to be useful in phylogenetic reconstruction of the mentioned families
(Abu-Asab & Cantino, 1987; Cantino, 1990).Cantino (1990) conducted a
comprehensive study of Lamiaceae and Verbenaceae with emphasis on the
systematic importancaf micromorphological data antthis study focused mainly on
the subfamily Lamioideaesensu Erdtman (1945) Through time, trichome
micromorphology has been shown to be useful in mangrgeaf the Lamiaceae
(Ascensao et al.1995 Baran & Ozdemir, 2009; Bosababd 1990; Celep et al.,
2011, 2014; Corsi & Bottega, 1999; Giuliani et al., 2008; Demissew & Harley, 1992;
Marin et al., 1994; Moon et al., 2009; Navarro, 1995; Navarro & Oualidi, 2000;
Puech, 1984; Zarre et al., 2008). There are a few studies comphisingchome
micromorphology ofLamiumspecies (Baran & Ozdemir, 2009, 2011; Celep et al.
2011).

1.5 Phytogeographic Distribution and Endemism ratio of Lamium species in

Turkey

Turkey is divided into three phytogeographical regions, whichEame-
Siberian (Euxine provinence), Mediterranean (Mediterranean provinces of West
Anatolia, Taurus and Amanos mountains) and kaamnian (Central and Eastern
Anatolia) phytogeographical regions (Figure 4). Each phytogeographical region
covers differentloristic composition (Davis, 1965).
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Turkey is the main biodiversity center of the genus with 47 taxa, ca. 52% of
which are endemicDuman 2000 Mill, 1982). The distribution of the genus
Lamium can be idicated as temprate EurasiatiMennema, 1989).They are
distributed in Western Europe to Eastern Asia, including Northern Africa, North of
the Atlas Mountains and Macaronesia. Its center of diversity is found in the Irano
Turanian and the Mediterranean phytogeographical regions. Basieedty of the
genus Lamium possess habitats which are forests, rocky mountain slopes and
cultivated fields (Mennema, 1989yhe altitudinal range in the genllamiumis

quite large, from sekevel to 4800 meter@ennema, 1989).

Figure 4. Davis™ grid mapf Turkey.

1.6 Historical Background ofPollination Biology

fiwhen | carefully examined the flower of the wood cranegl@iéranium
sylvaticum)in the summer of 1787, | discovered that the lower part of its corolla was
furnished with fine, soft hairs on the inside and on both margins. Convinced that the wise
creator of nature had not created even a single tiny hair without definite purpose, |
woncered what purpose these hairs might serve. And it soon came to my mind that if one
assumes that the five nectar droplets which are secreted by the same number of glands are
intended as food for certain insects, one would at the same time not think élyuithiét

provision had been made for this nectar not to be spoiled by rain and that these hairs had
16



been fitted to achieve this purposéfrom ‘Discoveryof the Secret of Nature in the
Structure and Fertilization oflowers by Christian Konrad Sprengel793,
Translatedy Peter Haase, University of Canterbury, Christchurch, New Z&aland

By the time Sprengel announced his book (1790), he defined himself a
Aphil osophical botanisto. He aimed to ex
organs. In his book, he described how he arrived at his discoveries, giving case
histories. In everpbservation, he discussed how the floral organs function and what
kind of insects transmits the pollen. He examined the flowers in their natural habitats
without any speci al eqgui pme nQnerustttrytwi t h a
catch nature in actindo he sai d. Sprengel l i ved for
publication of his book. He never wrote a second volume since his book received no
positive response and his discoveries remained forgotten for almost seven decades
(Vogel, 1996).
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Figure 5 The itle page to C.K. Sprengel's book "Discovery of the secret of nature in
the structure and fertilization of flowers" published in 1793
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Another man of genius, Charles Darwin, noticed Sprengel’'s work and
rescued it from oblivion. The apparent tendency oivflong plants to avoid self
fertilization and how important a part insects play in the pollination of many plants
was observed from innumerable observations by Sprengel, which did not escape
Darwin’'s notice. (Vogel, 1996) To make empirical observationBritish orchids
(1862), Darwin adopted the methods of Sprengel and the results provided strong
support for his own theory. Finally, Sprengel’'s work received publicity among

botanists in late 9century.

Figure 6 The 16th copperplate from Sprengbb®k. Figures 8 and 9 illustrate the
horizontal flowers of.amium albun{Lamiaceae)
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i | the following summer | investigated the forgetnot (Myosotis palustris)Not
only did I find that this flower possesses nectar but also that this nectar is completely
protected from rain. At the same time | noticed the yellow ring which surrounds the opening
of the corolla tube and contrasts well against the-fslkye color of the corolla lobs. |
thought this feature might be related to insects too. Should nature have particularly colored
this ring for the purpose of showing the insects the way to the nectar container? With this
hypothesis in mind, | examined other flowers and found it coafirby most of them. | saw
that those flowers whose corolla is differently colored in one place than it is elsewhere
always have thesspots, figures, lines, or dots of particular colarhere the entrance to the
nectary is located. Now | deduced from theatigular to the general. If, | thought, the
corolla is specifically colored in a particular place for the sake of insects, then it is colored

altoget her f(kram DisgcaveryohtheeSecrat ofoNature in tH&tructure
and Fertilization ofFlowers’ by Christian Konad Sprengel 1793, see Figude 7

Figure 7 The yellow ring surrounding the opening of the corolla tubdydsotis

palustris(L.) Nathh, which was noticed by Sprengel in 1793.
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1.7Why Study Pollination Biology?

The flowering plants comprise about esigth of all identified species on
earth while the insects nearly twlords (Wilson, 1992). The interactions among
these plants and animals constitute the important elements of terrestrial ecosystems.
In angiosperm, it is the flowers that take the crucial role for reproduction.
The ®xual reproduction in angiosperms has three sequential stages: pollination,
fertilization, and seed maturation (Lyons et 4P89). The first of these stages is
basically the concernfdield biologists while the other two stages are more suitably

studied in the laboratory.

pollen grain

anther

stigma

' pollen
conductin S ; grains
tssue 2 { 1/ 2 —

anther

filament

Figure 8 The processes of pollination in a typical angiospéomer, showingthe
route taken by pollen from anther to stigma (followed by pollen tube grondgtlihie
style) (Modified from Barth1985)
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Pollination biology studies draws from many biological, chemical and

physical disciplines such that,

ﬂ taxonomyis represented in the identification of both plants and their

pollinators;
ﬂ morphologyin the description of flowers or pollinatos;

ﬂ population and quantitative genetican the study of floral traits, plant

population structure, and breeding systems;

ﬂ Animalbehaviorin the study of pollinator movements, and so on.

Pollination biology isstudied for a variety of reasons. First of all, plant
pollinator interactions can provide the most important examples of coevolution.
Plantpollinator interactions provide significant examples of adaptive radiation
(Willmer, 2011). Both plants and theiisitors are good examples for community
ecology studies (Inouye, 1978). Flowers and their pollinators provide basis for the
studies of reproductive success (Campbel, 1989; 1991). In addition, pollinators are
essential for many vegetable and fruit cropbkiclimply the economic reasons for
studying pollination biology (Free, 19&0b. Thus, floweranimal mutualism has
been a center of focus for ecologjstghich provides many insights into the
fundamental aspects of biology, from behavior and reprodud¢toevolution and
ecobgy (Willmer, 2011). Below, Figuré illustrates the key interactions of major
biological themes in the study of pollination ecology. It is obvious that, pollination

ecology have had major impacts on general ecology and evolutionary theory.
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Figure 9 Key interactions of major biologat topics promoting interest in the study
of pollination(Willmer, 2011)

Although there are many techniquesdaequipmerg available the primary
technique of pollination ecology is the same todan&prengel's or Darwin's days:
"consistentobservation of what really happens in nature, in the original, natural
habitat of the plant under investigatibigFaegri and van der Pijl 1979Lareful
observatios, combined with manipulative experiments, will provide answers to

almost any question in trecology.

1.8 Pollination Syndromes

Convergent evolution is indicated by correlated features in species of
distantly related taxa (Ollertoet al, 2009). The structural modifications in many
species of angiosperms are correlated with their specific pollination vector
transferring the pollen, where specialized pollination mechanismsewbed

(Simpson 2008. In pollination ecology, "pollinatie syndromes™ can be defined as
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suites of flower traits that reflect convergent adaptations of flowers, in response to
natural selection imposed by different animal species (Faegri & van der Pijl, 1979;
Proctor et al.1996). Similar pollinatorsshared bynany different plant specigmay

drive convergent evolution on plants to reflect simiral floral traits (Fenster et al.
2004). The concept claims that plant species specialize on specific groups of animals
that exert similar selective pressure on floraitsr (Fenster et al. 2004). These sets of
floral traits include flower shape, size, colour, odour, reward type and amount, nectar

composition and phenology.

The pollination syndromesoncept wasdeveloped by Federico Delpino
(18731874). The concept hdseen useful for understanding the plaotlinator
interactions and has played a central role in many reviews of others (Faegri and van
der Pijl, 1979; Fenster et al. 2004; Proctor et al. 1996). Nearly all earlier studies on
pollination biology were orgaméd around this concept of syndromes for almost two
centruies (Willmer, 2011).

However, the concept as providing a framework for ppaoilinator
interactions is rather out of date (Ollerton et al. 2009). Various studies focused on
generalization in pdihation systems thus the correalation of floral traits with

pollinators has been questioned (Waser e1886.
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144

TABLE OF CHARACTERISTICS OF ZOOPHILOUS FLORAL STYLES
Style Color and pattern Usual shape Pecularities of Nectar properties | Odor properties (as | Periodicity of Anatomical
(as perceived by (“Gestalt") shape and perceived by movement and peculiarities
humans) proportions humans) scent
Melittophily Blue, violet, purple, Papilior fl Underside of the flower | Nectar hidden upto | Often strong and Blooms or opens Silken or veivety
and micro- yellow, white; nectar (flag type), lip- (gullet-) | expanded (landing 15mm deep pleasant, more like during day, scent sheen, + robust
melittophily guides usually present, | type, tubular type, platform), tube fairly honey present during day
(large and subdivided “brush”-form narrow, flowers often
small bees) designed for entry of
(Nototribic and an animal, filiform
stemotribic pollination) | peduncles, entrance to
nectar often hidden
Psychophily scarlet, purple, blue, Salverform type (with + Disc-like display with | Nectar hidden upto | Pleasant, more like Blooms or opens Delicate
(butterflies) yellow, white; nectar long tube or spur) simple margins, gullet | 40mm deep, or honey during day, scent
guides usually present, and tube narrow, pollen-nectar present during day
subdivided (Pollination by wings, anthers often distance up to 40mm
head, or proboscis) pendelous
Sphingophily Sph.: white, cream, Salverform type, + Star-shaped display, | Sph.: Nectar hidden | Pleasant to the point of | Blooms or opens in Often with waxy
and dull violet, underside “paintbrush” type often finely dissected up to 200mm and intoxicating, like evening and during surface, delicate
phalenophily washed with dull wrinkled margins, deeper, pollen- perfume night, scent present
(hawkmoths purple (Pollination by wings, gullet and tube very nectar distance up to during night
and moths) Phal.: yellow-green, head or proboscis) narrow, anthers often 200mm
green pendelous Phal.. Nectar 4to
Both: Nectar guides 20mm deep
always absent
Myilophily and | brown-red, brown, Basin- or saucer- Flowers low to ground, | Nectar exposed, Nauseating Open during the day, Reflective or dull,
micromyiophily | flesh colors, dirty shaped more or less fiat, easily accessible usually without warty surface,
(flies) yellow, green-white entrance often like a periodicity of ciliated
Kettle-shaped camera aperture, movement or scent
Patterned with dots (Pollinated by formation of clear
and stripes over entire | proboscis or legs) areas, wrinkles, motile
petals appendages, flickering
and shimmering bodies
Ormnithophily Scarlet, red-orange, Tubular, salverform Upper side of the Nectar at various Lacking Open during day, Strengthened
(birds) carmine, yellow-green, | type, “paintbrush type | flower expanded (entry | depths, dilute, slimy, usually without mechanical
pure blue, pure white, open from very plentiful periodicity elements,
dark violet (Pollination by throat, underneath), that is, therefore robust,
Nectar guides where forehead, or beak) extension of the upper stiff filaments,
present simple (not lip, sexual parts bent capiliary
subdivided), black, upward together, tube mechanism
yellow or green broadly sacklike,
inflorescence lifted
high up
Chirop White, cream-colored, | Wide open tube Fruity and beet-like, Blooms or opens 1+ Fleshy sepals
(bats) nectar guides absent unpleasant during night, smells and petals
|| (after Porsch) during night

Figure 10 A facsimile of the table from Vogel 1954, representing the precofgbe recent pllination syndomegWaser,2006)




1.9Evolutionary Patterns in the Lamiaceae

The family Lamiaceae has long been associated with insects that facilitate the
process of crospollination Crosspollination is supported by the floral and
inflorescence architectures and breeding systems. Protandry and protogyny are
typical in flowers of the Lamiaceae and separation of maturation of anthers and
stigma requires a vector that is associateth wie process of pollen transfer. Such
mechanisms that havevolved in the Lamiaceae is called ‘indispensable link of

pollen transport™ (Macior, 1974).

Lamiaceaea and Scrophulariaceae both have two carpellate superior ovaries
and bilabiatdlowers; howeve, the latter produces many seeds. Lamiaceaea produce
only four seeds per flower. Presumably, this reduction in seed number is offset by
reinforcement of genetic variability due to outcrossing In addition, Lamiaceae
flowers mature from the base and theméoing period is for several weeks, which

increases outcrossing (Cruden, 1977).

Bilabiate flowers occur in many linages of the angiosperms. Bilabiate flower
constructions protect the pollen againt pollen collecting bees; in addition render the
pollination process more precisely (Westekamp and Classenbockhoff, Z00F).
zygomorphic fivelobed sympetaloufiowers of Lamiaceae are basically bisexual
with four or two stamend nectary disc is at the base of the ovary. The structure of
the zygomorphic flowerdemands precision on the transfer of pollen from anthers to
stigma, especially an intelligent pollinator (Heinrich, 197®fost species from
various genera in the familyamiaceade.g.Lamium, Stachys, Salyiaave 2lipped

(bilabiate)flowers where nototribic pollination may occur (Harley, 2007).

Members of the family Lamiaceai& which both nectar and pollen being the
principal rewards,are pollinated by bees, birds, flies, wasps, butterflies and
hawkmoths (Huck, 1992). Bees arefay the most frequent pollinators in the family
(Vogel, 1954; Hedstrom, 198%afni et al., 1988Proctorand Yeo, 1972Huck,
1987).The speciesnith bilabiate flowers, in which the nectar is less accessible, tend

to rely on fewer pollinator species (Harley et al., 2004gny species in the family
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have corollas with coloured nectgmides particularly on the lower lip, which
suggest the close associations between bees and labiates (Harley et al. 2004, Figure
10, 11 and 12).

Sprengel (1793) was the first to discuss the interactions among insects and
flowers in the Lamiaceae. His way of reasoning and methodology further influenced
many others (Muller, 1883; Darwin, 1876; Correns, 1891; Knuth, -1895) and
pollination ecology in the Lamiaceae gained attention. hc@dtury, Vogel (1954),
Proctor & Yeo (1973), van der Pijl (1972), Faegri and van der Pijl (1979) presented

work on polination biology and syndromes in many genera of the family.

Many pollingion biologists have documented observations on various genera
of the Lamiaceae (Harley et al., 19 Hedge, 1972; Hedstrom, 1985; Nilsson et al.,
1985; Keller and Armbruster, 198%lasserBockhoff et al., 2004,Wester and
ClasserBockhoff, 2006a, 2006; Aster andClasserBockhoff, 2007; Zhang et al.,
20171 Celep et al., 2004

Figure 1. Spots and lines on the lower lip$élvia blepharochlaendedge &
Hub-Mor. andSalvia recognitéFisch.& C.A.Mey., an example of landing place

and nectar guide fdrees
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The studies on the self and cross pollination properties of geamsum
showed thatApis mellifera(honeybeeland someBombus(bumblebee)kpecies are
involved in the process of pollination of thermis and.amium species are self
compatible plants serving as hosts for many insect species (Savchealk@@1,;
Maci or , 1978; S° nmez @avdci, 2002 Sabuncu &tRO 2 ; S
2002; Eltz, 2006). The development of cleistogamous flowarssome species of
Lamiumhas been studied by various authors (Allard, 1944; Lord, 1979, 1982).

Recently, there are a few studies which particularly focused on the nectar
production (Marina et gl.2004), nectar content and abundance (Sulborska,et al.
2014) and altitudinal variations on floral traits (Hattori et aD15 Kuriya et al.,

2015 of some members of the genuamium Thus the pollination mechanism of

the genus is worth studying.

Figure 12. Spots and lines on the lowerdip flower entrancef Lamium
purpureumL., an example of landing pla and nectar guide for insects.
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Figure 13 Lamium albun{white deaenhettle) flower. (A)longitudinalsection of the
bisexual flower with its 2ipped corolla surrounded at the base by the tubular 5
lobed calyx(B) Anthers, (C) Style, (D) Calyx, (E) Folobed ovary

1.100bjectives of the Study

The taxonomic problems are defined for the gdrarsium It is important to
gather as many characters as possible to solve the taxopmhlems in the genus.

Therefore, main objectives of this study are;

- To describeanatomicalfeatures of vegetative organse(roots, stems, leaf

blades and petiolesf the genust.amiumand their taxonomic significance.

- To present a detailed analysis of the micromorphological characters
vegetative andeproductive organs of the genusmiumand their diagnostic

values.
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To present a detailed analysis of palynological characteristics of the genus

Lamiumand their taxonomic significance.

To present a detailed analysis of trichome micromorphological characteristics

of the genusamiumand their taxonomic significance.

To explain the phytochoria of the genuamiumin Turkey (i.e.distribution,

phytogeography, phenology aatitudinal rangeof each taxoh

To explainthe pollination mechanismsf two sympatric speciesLamium
villosifolium and L. album subsp.crinitum), particularly to determine the
plart-pollinator interactions, flowepollinator fithess and pollinator

preferences.
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CHAPTER 2

MATERIAL AND METHODS

2.1Plant Material

All of the plant material examined in this study were collectetthénpgoject
c a | IThedaxdnomic Revision of Genlilsmiumin Turkeyo (Project No: 112T-
13) which was funded by The Scientific and Research Council of Turkey
(TUBITAK) between Septembei2012September2015. During the project, many
samples were collected from all over Turkey and these samples are stored as
herbarium material in Gazi Universityn laddition, ANK, BM, E and K herbaria
were visited to investigate various speems. Pant materials from particular taxa
were gathered for palynological wofiom BM, E and K herbariaThe specimens
were crosshecked with the keys provided by Mill (198®)ennema (1989) and the
Lamiumaccounts given ifrlora Orientalis(Bentham, 1848) and other various floras
(Boissier, 1879Briquet, 1897).

2.2 Anatomical Methods

Anatomical investigations were carried out with fresh specimens kept in 70%
ethanol. The paraffin wax method was applied for obtaining the-sexs®ns of the
various parts of the plant specimens, such as; roots, stems, leaves and petioles. the
specimensvere embedded in paraffin and were sectioned @216 micrometer

thickness, with a Leica RM212RT microtome. The sections were stained with
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safraninfast green, with some modifications due to the different staining times plant
specimens. The sections iehen mounted on slides with Entellan. All slides were
investigated and photographed with a Leica DM1000 light microsobdipef the
measurements were performed usi@grnoy 2.0 (Johansen, 1944; Metcalfe &
Chalk; Schols et al. 2002).

2.3 PalynologicalMethods

Pollen grains ofLamium were studied by light microscopy (LM) and
scanning electron microscopy (SEM). Standard acetolysis method (Erdtman, 1960)
destroys the colpus membranes, effecting the natural pollen shape and size
(Demissew and Harley, 199®1oon et al. 2008a, b). In order to retain the natural
form of the pollengrains, the Wodehougd935) method was used. Pollen grains
were treated with 70%ethanol for the removal of oily substances for light
microscopy. Then they were embedded in glyeejelly stained with basic fuchsin.

The investigations and measurements of pollen graines were conducted with a Leica
light microscopePollen grains were observed and micrographs were obtained at

maginifications ranging from20 to x100.

For SEM, pollengrains were placed directly to stubs with doukilbed
adhesive tape and they were coated with gold using a Hummer VIl gold coating
apparatus. Pollen grains were observed and micrographs were obtained at
maginifications ranging from x1000 to x18,000 walIEOL-6060 scanning electron
microscope at TPAO (Turkish Petroleum Anonymn Coorporation, Ankara) to

determine the exine ornamentation.

Polar axis (P), equatorial axis (E), colpus length (Clg), colpus width (CIt),
mesocolpium thickness, apocolpium diameter, exine thickness (Ex) and intine
thickness (In) of 30 fully developed grains were measured. The P/E ratios were
calculated. All of themeasurements were performed using Carnoy 2.0 (Schols et al.
2002). The pollen terminology followsaegri and Iversen (1975), Walker and Doyle

(1975) Abu-Asab and Cantino (1994), Halbritter et al. (2007) Bodt et al. (2007).
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2.4 Trichome Micromorphology Methods

Trichomes were obtained from stems, leaves and calyces and studied with a
stereo microscope. For the scanning electron microscopy (SEM), small pieces of
stems, leaves and calyces were fixed on aluminum stubs using -Goldue
adhesive, and themwere coated with gold using a Hummer VII gold coating
apparatus. The SEM micrographs were taken with a J&IBIO scanning electron
microscope at TPAO (Turkish Petroleum Anonymn Coorporation, Ankara) The type
of indumentum was described and classified. gémeeral classification scheme and
the terminology follow Roe (1971), Cantino (1990), as well as Navarro and El
Oualidi (2000).

2.5Distribution and Ecological Data of theLamium species

3 years of field investigations were conducted gather the loality,
distributional, phenologicand altitudinal information on the members of the genus
Lamium Global Positioning System (GPS) is used for collecting the locality and
geographical coordinates of the studied t&t& gridsystem 2x2° of Davis (1965

1985) is usedb producedistribution maps of all taxa.

2.6 Pollination Biology Methods

Two sympatricLamium species l(amium villosifoliumand Lamium album
subsp.crinitum) growing in Isik Mountain Kizilcahamamarea were chosen for
pollination biology observations.Two Lamium species differ in their floral
morphology. Detailed information about the floral morphology and phenology of the
Lamium species, as well as the techniques needed for pollinator observations are
given in the following subcaptionklerbarium vouchers and flower samples fixed in
70% ethanol are deposited at Middle East Technical University, Plant Systematics
Lab.
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2.6.1Lamium species
M Lamium villosifolium

It is an endemic,stoloniferous perennial speciebhe species is a Ewo
Siberian elementThe bilabiate(2 lipped)flowers (corolla) are magenta to purplish.
The verticillasters argl-)2-4(-5), (4-)6-8- flowered Upper lip of the corolla is entire
and there is a hairy annulus at the base of the cdudila The flowering period is
between April and JulyThe species is distributed at elevations between-1800

meters.

Figure 14 Lamiumvillosifoliumin Isik Mountain

1 Lamiumalbumsubspcrinitum

It is a stoloniferous perennial speciéhe species is an Irarduranian
element.The bilabiateflowers are white. The verticillasters arg-8, 810- flowered
Upper lip of the corolla is entire arldere is a hairy annulus at the base of the corolla
tube. The flowering period is between pfil and September.The species is

distribuied at elevations between 152800 meters.
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2.6.2Study Sites

Field observations and investigations were conducted in Isik Mountain,
Kizilcahamam from 01/080 0Y07 in 2014 and 15/06 to 15/07 in 2015. The
observations in 2015 started more or less two weeks later than the previous year, due
to the heavy rainfall in Ankara. Thieamium species were investigated at three
natural populations in Isik mountain regiorarsing from an elevation of 895 mto
the mountain summit ca. 2Bén (Table 2. The distance between the first plot and

the summit area was ca. 4 km.

Figure 15. Study siteL. villosifolium andL. albumsubspcrinitumin Isik Mountain
3.6.3Morphometric Measurements

After succesfull observations on plant populations, plant materials were
collected and the internal structure and morphology of their flowers were
investigated From a number of longitudinal sections of flowers, morphological
meaurements were made using Leica DM 1000 binoculer light microscope with a
Leica DFC 280 camera. For further analysis, fresh flowers and buds were fixed in
70% ethanol.
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Floral structures were measured morphometrically from various characters
such as; (bXlower length, (c) length of corolla tube, (d) flower entraricelH,
horizontal; dV, vertical (e) distance flower entrance to nectar cover, (f) distance
thecae to nectar cover, (g) length of long anther, (h) length of short anther, (i) theca
length, (j)style in natural position. At least, 30 fresh flowers were measured from
each Lamium species. Their minimum, maximum range, mean and sStdnda

deviations were calculated@he pollinators were captured and then;

- They were investigated for the polleleposition sitesvith Leica DM 1000
binoculer light microscope with a Leica DFC 280 camera.

- They were measured morphometrically on various characters; su¢h) as,
head height, (b) length of maxillae, (c) glossa length, (d) maximum head
width, (e) head with below eyes, (f) head length (f1: anterior head part, f2:
posterior head part), (g) thorax (gl: anterior thorax pgaterior thorax), (h)
abdomen (Figure 16).

Figure 16 Flower and insect morphometifAi C) Measurements dramium
flowers.(A) Longitudinal section of a flower. (B) Front view. (C) Shape of stamen
and style in natural position. (IB) Measurements on insects. (D, E) Side and front

view head, (F) side view of insecEigure from Celep et al., 2014
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2.6.4 Pollinator Observations

In 2014, flower visitors were observed two times in a week, starting at 8.30
am to 17.00 pm. In 2015, the weather conditions were different from the previous
year however;the observations were made whenever weather wgabhii It was

evident that pollinatoactivity wasaffected with the heavy rainfall in the area.

Insect species were identifidoy Dr. Fatih Dikmen, Istanbul University.
Since this study focuses on the legitimate flower visits, the insects were defined as
pollinators if they got into contact with pollen and stigma. It is important to
documentpollinator's behavior photographs and videcamera recordings were
produced with a Canon 6 D full frame camera + 100 mm onlaas,(Canon, Toky,
Japan). In this study, mgle visi experiments allowing quantificatioof pollinator
effectivenessN e 6 e ma n ) wvereanbt condu@ediist®ad, pllen transfer and
behavior of the pollinators are quantified and compared as their relative pollinator

efficiency on thdeamiumspecies.

For the pollination observations, video recordings and photographs were
analyzed for each of the visitor/pollinatepecies. In a defined area bAmium

populations;

1 We recorded the frequency of each pollinator species while observing the
visitation of other insect visitors.

1 We recorded the handling time of each pollinator per flower visit, i.e. the
duration from lading on the lower lip to leaving the flower after absorbing
nectar.

1 For analyzing the success of each pollinator, ghecentage of visits with
contact of pollen and/or stigma waescorded

1 Macro lens, closep photographs and video recordings provided precise

information about the insect visits whether they are legitimate or not.
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1 Based on 44 videos covering 84 minutes 33 seconds, handling time, duration
of stay at an inflorescense and numbkflowers visited/inflorescence of the
pollinators were calculate€aptured bees were examined with a dissecting
microscope to vy the pollen deposition sitend to quantify the pollen load

on insect’s body

2.6.5 Statistics

Statistical analyse® Oneway ANOVA, foll owed by Tukeybo
range testR < 0.05, was used to test for differences in handling timenber of
visited flowers per inflorescence, duration of stay at an inflores@t@ollen load
among the main pollinator speciefivé bee speciesApis mellifera Bombus
argillaceus Bombus lucorumBombuspascuorum Bombus lapidarius Minitab
(versionl7, Minitab, State College, Pennsylvania, USA) was used for analyzing the

data.
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CHAPTER 3

3. RESULTSAND DISCUSSION

3.1 Final Taxonomic Treatment Results;

The taxonomicresult of 3 yeardield work is represented below (Tablg. 2
The infrageneric classification of Mill (1982) and Mennema (1989) is compared to
the taxonomic revision results of ours (Table ™)e characteristics and usefulness
of anatomical and micromorphological characters are represented in the following

subchaptes.
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Table 2.Final taxonomic treatment @he genusLamiumand previos infrageneric

classifications of Mill (1982) and Mennema (1989)

Taxon _and Mill (1982), Flora of Mennema (1988), Final Taxonomic
species
Turkey Monograph treatment results
number
1 1 *Lamium lycium *Lamium lycium
2 2 *L. cariense *L. cariense
3 3 *L. pisidicum
4 4 *L. tenuiflorum
L. garganicunsubsp. )
6 ) L. garganicunsubsp.
striatum .
i striatum
; L. garganicunsubsp.
reniforme L. garganicunsubsp.
g *L. garganicumsubsp. | Striatumvar. striatum
nepetifolium
10 L. garganicunsubsp. L. garganicunsubsp.
6 lasioclades lasioclades
L. garganicunsubsp.
11 € L. garganicunsubsp.
= rectum
b _ rectum
12 - *L. garganicumsubsp.
g pulchrum
n
L. garganicunsubsp.
13 laevigatum L. garganicunsubsp.| L. garganicunsubsp.
—— garganicum laevigatum
*L. veronicifolium
. *L. microphyllum
14 7 *L. microphyllum
L. garganicunsubsp. ___
o i *L. cymbalarifolium
15 8 *L. cymbalarifolium striatumvar.
microphyllum i
] *L. sandrasicum
16 9 *L. sandrasicum
L. garganicunsubsp.
L. armenunsubsp. i *L. armenumsubsp.
17 10 striatumvar.
armenum armenum
armenum

40




Table 2 (cont'd)

Taxon_and Mill (1982), Flora of Mennema (1988), Final Taxonomic
species
Turkey Monograf treatment results
number
18 *L. armenumsubsp. *L. armenumsubsp.
sintenisii sintenisii
19 11 L. ehrenbergii L. ehrenbergii
L. purpureunvar.
Sect. L. purpureunvar. .
20 ] ehrenbergii
Lamium purpureum
12 L. purpureunvar. L. purpureum
*L. purpureumvar.
21 . purpureum
aznavourii
) *L. eriocephalum
*L. eriocephalunsubsp.
22 ] subsp.
eriocephalum )
) eriocephalum
13 L. eriocephalum i
) *L. eriocephalum
*L. eriocephalunsubsp.
23 ) subsp.
glandulosidens )
o glandulosidens
3 T
8 ) L. amplexicaule
= ) L. amplexicaule var. )
24 14 @ L. amplexicaule ) subspamplexicaule
[=3 amplexicaule )
g var. amplexicaule
8 ) L. amplexicaule
n . L. amplexicaule var. )
25 15 L. aleppicum ) subspamplexicaule
aleppicum ]
var. aleppicum
*L. amplexicaule
subsp.vanense
Ferat &
26 16 L. macrodon L. macrodon L. macrodon
L. maculatunvar.
27 @
17 2 maculatum
g _ L. maculatum
28 I *L. gundelsheimeri
b=t L. maculatum
29 18 — L. truncatum
o *L. maculatunvar. *L. villosifolium
30 19 n N
villosifolium
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Table 2 (cont'd)

Taxon_and Mill (1982), Flora of Mennema (1988), Final Taxonomic
species
Turkey Monograf treatment results
number
L. albumsubsp.
31 20 L. aloum subspalbum
album
32 21 L. crinitum o L. albumsubsp.
subspcrinitum o
33 22 *L. leucolophum crinitum
L. tomentosumar.
34 ]
hakkariense L. tomentosurar.
35 L. tomentosurmmar. tomentosum
tomentosum
23 L. tomentosumar
L. tomentosumar. ) ) L. tomentosurmar.
36 . tomentosum .
" filicaule filicaule
37 § L. tomentosurmar. L. tomentosummar.
-g alpestre alpestre
38 24 Lu. *L. sulfureum
3 L. moschatunvar.
39 n
moschatum L. moschatum L. moschatum
L. moschatunvar. subsp moschatum
40 25 .
rhodium
a1 L. moschaturvar. L. micranthum
micranthum L. moschatum (Boiss.) Celep
subspmicranthum | *L. ponticumsubsp.
42 26 ]
) ponticum
*L. ponticum
*L. ponticum subsp.
anatolicum Celep
43 27 *L. galactophyllum L. galactophyllum | *L. galactophyllum
44 28 NI *L. tschorochense Published later *L. tschorochense
. ) L. albumsubsp.
45 29 NI *L. vreemanii Published later o
crinitium
Lamium orientale *Lamium orientale
46 30 NI NI
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Table 2 (cont'd)

Taxon .and Mill (1982), Mennema Final Taxonomic
Species Flora of Turke (1988), treatment results
number y Monograf

Lamium ) -
N Lamium multifidum

47 31 NI multifidum NI

NI *Lamium bilgilii
Celep & Duran
*Lamium
NI cappadocicum
Celep & Karaer
Subg. _
Galeobdolon Lamium Genus
48 32 | Galeobdo
| luteum galeobdolon Galeobdolon
on

NI; not indicatednew taxgresented in the taxonomic revision of the gdrarsium

(Celep et al. 2015, unpublished data) are written in boiddicates the endemic
taxa.
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3.2 Ecology,Endemism and Phytogeographyf the Species

In this subchapter, the distribution, phenology, altitudinal range and
phytogeographical information of tHeamiumspecies are giverRictures showing
the general floral characteristics of themiumspecies are given (Figs. -PB). The
phytogeographicategions (Table 3), flowering period (Table 4) and altitudinal

gradient (Table 5) of theamiumspecies are represented.

Figure 17 Photographs off\: L. lyciumB: L. carienseC: L. garganicunsubsp.
striatum(L. pisidicun) D: L. garganicunsubspstriatum(L. tenuiflorum) E: L.
garganicumsubsplaevigatum(L. veronicifoliun) F: L. garganicunmsubsp striatum

(L. garganicunmsubspreniforme)
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Figure 18 Photographs oA: L. garganicunsubspstriatum(L. garganicunsubsp.
nepetifolium B: L. garganicumsubsprectumC: L. garganicumsubsplasioclades
D: L. garganicumsubsprectum(L. garganicumsubsppulchrum E: L. garganicum

subsplaevigatumF: L. microphyllum
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Figure 19 Photographs ¢fA: L. cymbalarifoliumB: L. sandrasicunC: L. armenum
subsp armenunD: L. armenunsubspsintenisiiE: L. ehrenbergiiF: L. purpureum

(L. purpureunmvar. purpureum
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Figure 20 Photographs off: L. purpureum(L. purpureunvar.aznavour) B: L.
eriocephalunsubsp eriocephalunC: L. eriocephalunsubspglandulosiden®: L.
amplexicaulesubspamplexicaulevar. amplexicauléL. amplexicaulgE: L.

amplexicaulesubspamplexicaulevar. aleppicum(L. aleppicum F: L. macrodon
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Figure 21 Photographs off\: L. maculatun{L. maculaturmsubspmaculatum B: L.
villosifolium (L. maculatumsubspuvillosifolium) C: L. maculatuniL.
gundelsheime})iD: L. maculatun{L. truncatun) E:L.albumsubspalbumF: L.

albumsubsp crinitum (L. crinitum)
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Figure 22 Photographs ofA\: L. tomentosunvar. tomentosuni: L. tomentosurmar.
alpestre(L. sulfureum C: L. moschatungL. moshatunvar. moshaturnD: L.
moschatungL. moshatunvar. rhodium) E: L. micranthumF: L. ponticumsubsp.

ponticum(L. ponticun)
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Figure 23 Photographs ofi\: L. galactophyllunB: L. tschoroens€: L. album
subspcrinitum (L. vremani) D: L. orientaleE: L. multifidumF: GenugGaleobdolon

(L. galeobdolorsubspmontanum

50



Figure 24 Photographs off, B: L. ponticumsubspanatolicumCelep C, D:
Lamiumbilgilii Celep & Duran

Figure 25 Photographs off, B: Lamium capadocicur@elep & Karaer C, DL.
amplexicaulesubspvanensé&=ér at & Cel ep
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3.2.1Endemism andPhytogeography

The results indicated that, there are 36 t@& species) in Turkey and 18
taxaare endemic. Thus the endemism ratio is indicated as 50%. The distribution of
phytogeographical regienof 36 taxais as follows; 16 taxa are distributed in the
Irano-Turanian (IfTur.), 10 taxa are distributed in the Mediterranean (Medit.) and 10

taxa are distributed in EufBiberian (EuSib.) phytogeographical region (Talde

8 endemic taxal( lycium L. carienseL. microphyllumL. cymbalariifolium
L. sandrasicum L. eriocephalumsubsp. eriocephalum L. eriocephalumsubsp.
glandulosidensand L. bilgilii) are Mediterranegn5 endemic taxal{ armenum
subsp.armenum L. amplexicaulesubsp.vanensgL. galactophyllum L. orientale
and L. capadocicum are IraneTuranian and 5 endemic taxh. (armenumsubsp.
sintenisii L. villosifolium L. ponticum subsp. ponticum L. ponticum subsp.
anatolicumandL. tschorochengeare Euro-Siberianelement. Most of the endemic

species are distributed in alpine mountain regions and are in bloom in between May

and July.
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Table3. Phytogeographical Regions thie LamiumspeciegEndemic taxa in bold).

Medit Ir-Tur Eu-Sib

. lycium

. cariense

. garganicurnsubsp striatum

.garganicunsubsp.lasioclades

.garganicunsubsp.rectum

. garganicunsubsplaevigatum

. microphyllum

. cymbalariifolium

. sandrasicum

. armenumsubsp.armenum

. armenumsubsp.sintenisii

. ehrenbergii

. purpureum

. eriocephalumsubsp.eriocephalum

. eriocephalumsubsp.glandulosidens

. amplexicaulesubspamplexicaule var. amplexicaule

. amplexicaulesubspamplexicaulevar. aleppicum

. amplexicaulesubsp.vanense

. macrodon

. maculatum

. villosifolium

. albumsubspalbum

. albumsubspcrinitum

. tomentosummar.tomentosum

. tomentosumar. alpestre

. moschatum

. micranthum

. ponticumsubsp.ponticum

. ponticumsubsp.anatolicum

. galactophyllum

. tschorochense

. orientale

. multifidum

. bilgilii

| I Y Y s o I I I I I I N Y o s s e v I I I I I o I

. capadocicum

Endemic taxa in bold
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3.22 Phenology and Altitudinal Range of theLamium Species

The species stars to blossom in Jarwklgruary in coastal regions of
Turkey. Lamium purpureum and L. amplexicaulecan be examples of earliest
blooming species. Especially the species in Mediterranean phytogeographical region
(e.g. Lamium lycium and L. cariensg, startto bloom in February. The period
between April and July is the highest blooming period for the Lamium species. The
species adapted to higher altitudes (eEagmiumeriocephalumL. cymbalarifolium
L. microphyllum L. cariense L. armenumve L. tomentosumare in full bloom
especially between Ju#august(Table 4 and 5).

The distribution of theLamium species in terms of altitude is quite
remarkable, starting from elevations close to sea level to ca. 3700 nt@esrsrally,
endemic species are distributed at mid (@800 meters) and high (183700
meters) elevations. Especially,. microphyllum, L. cymbalarifoliumand L.
sandrasicumwhich are morphologically very similar, are distributed and localized
in the Souhwest Mediterranean mountain tops (Table Eamium eriocephalum
subsp. eriocephalumand L. eriocephalumsubsp. glandulosidensare distributed
across the AladaBolkar Mountain to Dedeéd Mountain, Isparta, and Geyik
Mountain, Antalya at high elevationk central Anatolia, the new endemic species
L. cappadocicunis quite remarkable and is distributed in Hasan Mountain, Aksaray
at high elevationdn Blacksea region.,.. armenumsubsp.armenumve L. armenum

subspsintenisiiare the endemic spies adaptetb high elevations (Table 5).

LamiumamplexicauleandL. purpureumare distributed at elevations starting
from sea level up to 1600 metefhe new taxorh. amplexicaulesubspvanensas a

remarkable subspecies, distributgdlevationsigher than 200 meters (Table 5).
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Table 4 Phenology of théamiumspeciegEndemic taxa in boldnonths are indicated in numbers from 1 te Jdhuary to Octobgr

. lycium

. cariense

. garganicunmsubsp striatum ’ ‘
.garganicunsubsp.lasioclades
.garganicunrsubsp.rectum

. garganicunrsubsplaevigatum

. microphyllum

. cymbalariifolium

. sandrasicum

S5

. armenumsubsp.armenum

. armenumsubsp.sintenisii

. ehrenbergii

. purpureum ‘ ‘
. eriocephalumsubsp.eriocephalum
.eriocephalumsubsp.glandulosidens

. amplexicaulesubsp amplexicaulesar. amplexicaule ‘ ‘ ‘

. amplexicaulesubsp amplexicaulevar. aleppicum

. amplexicaulesubsp.vanense

. macrodon

. maculatum
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. albumsubspalbum
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. albumsubsp crinitum
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Table 4 (cont'd)
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. tomentosumar.tomentosum

. tomentosumar. alpestre

. moschatum

. micranthum

. ponticum subsp.ponticum

. ponticum subsp.anatolicum

. galactophyllum

. tschorochense

. orientale

. multifidum

. bilgilii

. capadocicum

Endemic taxa in bold




Table 5 Altitudinal gradient of theeamiumspecies.
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3.2.3. Geographical Distribution of theLamium species

The geographicalistribution of 36 taxa isepresented. Figure Zhows the
latitudinal zones (ABC, AB, BC, AC, A, B and C) and the frequefhagalities) of
each taxa in the latitudinal zonelSor examplel.. amplexicaulesubsp.amplexicaule
var.amplexicauldas recorded in 46 localities and is distributed at 3 latitudinal zones
(ABC). Thus, the taxon is indicated as a widespread subspecies in Turkey (Figure
27). On the other handl, bilgilii, L. micranthumL. microphyllum, L. sandrasicum
are found only at one locality and one latitudinal zone (C). Thus, these taxa are
indicated as rare species (Figure 22cording to our results, there are 7 taxa that
are found in 3 latitudinal zones, suak; L. amplexicaulesubsp.amplexicaulevar.
amplexicaule, L. garganicursubsp.striatum, L. macrodon, L. orientale, L. album
subsp.crinitum, L. albumsubsp.album and L. moschatum(arranged from high
frequency to low frequency, Figure 26). There are 3 taxa that are found in 2
latitudinal zones (Figure 28), such as;villosifolium, L. multifidunve L. armenum
subsp.armenum (arranged from high frequency to low frequency, Figurd. 26
Particularly, in AC latitudinal zone, there is only one speaash ast.. maculatum
In BC latitudinal zone, there are 4 taxa, such lascariense, L. ehrenbergii, L.

tomentosurvar.tomentosum, L. garganicusubsplasiocladegFigure 26).

There are 9 taxa that are distributed in latitudinal zone A, such. as
purpureum, L. galactophyllum, L. garganicusabsp.laevigatum, L. tomentosum
var. alpestre, Galeobdolon luteum, L. ponticsabspponticum, L. armenursubsp.
sintenisii, L. ponticunsubsp.anatolicum, L. tschorochengEigure 29) There are 2
taxa that are distributed in latitudinal zone B, such.amplexicaulesubspvanense
andL. cappadocicungFigure 29). There are 10 taxa that are distributed in latitudinal
zone C, such ag;. lycium, L. garganicunsubsp.rectum, L. amplexicaulsubsp.
amplexicaule var. aleppicum, L. cymbalariifolium, L. eriocephalursubsp.
eriocephalum, L. erocephalusubsp glandulosidens, L. bilgilii, L. micranthum, L.

microphyllum ve L. sandrasicugRigure 29.
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L. garganicum subsp. striatum
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Figure 26.The frequency oLamiumtaxa in thdatitudinal zonefABC, AB, BC,
AC,A,Band Q
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Figure 27 Taxa distributed in 3 latitudinal zones (ABC)
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Figure 28.Taxa distributed in 2 latitudinal zongsB, AC andBC)
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Figure 29.Taxa distributed in one latitudinabne(A, B andC)




3.3 Anatomical Features of the Genukamium

Here, the anatomical properties ahmium species arepresented.The
anatomical characters assessed for root, stem, leaf and petioles among the species are
summarized inTables 69. Selected LMphotosof crosssections are presented in
Figs. 3033. Voucher information of theamiumspecies studied for their anatomical

properties is given in Table 10.

3.3.1Root Anatomy

The outermost surface of the roots is coated by a thin or thick layer of
periderm which is crushed or broken up. Below the periderm, the -laydtied
cortex is corposed of large parenchymatous cells, whick are heterogeneous in size
and shape. Below the cortex tissue, a single layer of endodermis is observed in a
small number of species. In the vascular tissue, phloem and xylem elements are
observed. The vascular chiom between xylem and phloem is sometimes
inconspicuous. The xylem is composed of vessel members and tracheids. The vessel
members are oval, round or polygonal. Xylem rays are observed in xylem tissue,
which are composed of 1 to 8 radial rows of rectaaagphrenchymatous cells. For
example inL. cymbalariifoliumandL. sandrasicumthe maximum number of rays is
8, while it is only 12 layeredin L. tomentosunvar. tomentosumL. garganicum
subspstriatum L. garganicumsubsp.rectum L. purpureumIn most of the roots of
the species, there is no central pith as the xylem coverseatkthtral portion of the
root (Figure 30).
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Figure 30. Transverse section of root parts of selectamium taxa. A: L.
cymbalarifolium B: L. sandrasicumC: L. garganicumsubsp striatum D: L. lycium,
E: L. microphyllum F: L. garganicumsubsp.lasioclades G: L. armenumsubsp.
sintenisii H: L. purpureum 1. L. eriocephalum subsp. glandulosidens J: L.

amplexicaulesubsp.amplexicaulevar. aleppicum K: L. orientale L: Galeobdolon

65



(L. galeobdolonsubsp.montanum pe; peridermis, c; cortex, p; phloemr; pith

rays,x; Xylem.
3.3.2 Stem Anatomy

In cross sections, the stems are mostly quadrangular (squarish to rectangular)
to more or less circular. The epidermis is composed of a dengge of square,
rectangular or oval shaped cells and is covered by a thin or thick cuticle. In most of
the spea@s, multilayered (1 to 7 layers) plaque collenchyma cells are located at the
corners of thestem. The collenchyma tissue at the corners is significantly wider in
L. lycium L. cariense L. garganicum subsp. striatum L. garganicum subsp.
lasioclades L. album subsp.album L. moschatumL. album subsp. crinitum.

However, the collenchyma tissue is thinner lin garganicum subsp.
laevigatum L. microphyllum L. ehrenbergiiandL. tschorochenseavhile it is absent

in L. cymbalariifoliumandL. sandrasicum

The cortex is formed by parenchymatous cells of oval, round and rectangular
shape with or without intercellular spaces. There are 4 main vascular bundles at the
corners. Moreover, one or two small vascular bundles between corners can be
observed. A largeith region with hexagonal and mostly orbicular parenchymatic
cells is presenin the centehowever, in some taxa the pith region is absent in the
center of the stenT he vascular bundles at the corners are larger than those between

the corners.
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Figure31 Transverse section of stem parts of selettwtdiumtaxa A: L. cariense
B: L. garganicum subsp. striatum C: L. tomentosumvar. tomentosumD: L.
amplexicaulesubsp. amplexicaulevar. amplexicaule E: L. amplexicaulesubsp.
amplexicaule var. aleppicum F: L. macrodon G: L. eriocephalum subsp.
eriocephalumH: L. eriocephalunsubspglandulosidensl: L. cymbalarifolium J: L.
garganicumsubsp.lasioclades K: L. orientale L: Galeobdolon(L. galeobdolon

67



subsp.montanun e; epidermis, cgortex, co; collenchyma, p; phoem, x; xylem, pi;
pith region.

3.33 Leaf Anatomy

The upper and lower epidermides of the lamina and midrip are covered with
a thin cuticle layer. The epidermis is formed by oval and rectangular cells and is
single layered on adaxial and abaxial surfaces. Upper epidermal cells are larger in
size than lowerepidermal cells. The leaf is of the bifacial tyge. dorsiventral
leaves, the mesophyll is differentiated into palisade and spongy ti€sSoegated
rectangular palisade parenchyma and isodiametric sgmargychyma cells form the
mesophyll. The palisad parenchyma isl to 4 layered followed by he spongy
parenchyma cell&hich arel to 4 layerdwith intercellularspaces in the investigated
species. Amondhem, the plisadeparenchymas 3-4 layered inL. eriocephalum
subsp.eriocephalum(whereas it isli 2 layered inL. album subsp. albur(sect.
Lamiotypu3. The spongy parenchyma is-42layered inL. macrodon (sect.
Amplexicaulg@ whereas it is 2 layered inL. garganicumsubsp.striatum (sect.
Lamiun).

The midrib forms a projecting part. Transverse section of the midrip shows

that the adaxial surface is flat to concave and the abaxial surface is coheex.is
a single vascular bundle in the center. Vascular bundle is sdeduby a
parenchymatic bundle sheat. The central vasduladleis/are open kshaped irl.

cariense L. garganicumsubsp.striatum L. microphyllum L. garganicumsubsp.
laevigatum L. purpureum(sect. Lamiun); round Ushaped inL. lycium (sect.
Lamium); continuous arc with incurved ends lin maculaum and L. villosifolium,

(sect.Lamiotypu$ and roundedn L. galactophyllum(sect.Lamiotypu$. There are

no small accesory vascular bundles in the midrib in the investigated taxa.
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Figure32. Transverse section of leaf blades and midrip of seldciedumtaxa.A
& B: L. microphyllum C & D: L. orientale E & F: L. tomentosunvar. alpestre G &
H: L. album subsp.album le; lower epidermis, ue; upp&pidermis, pppalisade

parenchyma; sspongyparenchyma
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3.3.4 Petiole Anatomy

Crosssections of petioles can be categorized into three basic types: epen U
shaped (e.g.,L. lycium L. cariense L. garganicum subsp. laevigatum L.
garganicumsubsp.rectum L. armenumsubsp.armenum L. maculatun), open \/
shaped (e.gl.. garganicumsubsp.striatum) and open sicklshaped (e.g.. album
subsp.crinitum, L. tschorochenge The epidermal cells of both surfaces are more or
less rectangular to oval. The upper and lower cell walls oépidermis are thicker
than the lateral walls. The upper surface of the epidermis is covered with a thin or
thick cuticle. Angular collenchymatous cells can be observed at the corners of the
petioles, below the epidermis, with 1 to 5 layers. Ground tissumiinposed of
parenchymatous cells with variougesiand shape (Figure 33).

The shape of the central vascular bundle can be categ@ge@pen U
shaped with incurved end®.¢. L. lycium L. cariense L. garganicumsubsp.
laevigatum L. villosifolium, L. ponticumsubsp.ponticurm), Open Ushaped €.g. L.
garganicumsubsp.striatum L. garganicumsubsp.laevigatum L. purpureum L.
album subsp.crinitum, L. orientald, Round Ushaped €.g. L. garganicumsubsp.
rectum L. cymbalariifolium L. sandrasicumL. tschorochenge Rounded €.9. L.
purpureum L. ehrenbergii L. galactophylluimp A single median vascular bundle
accompaniedby one small subsidary bundles at each wing is observed in the
transverse section of studied taxa. Transverse sections oftibkepshow that the
adaxial surface is convex while the abaxial surface is concave. The petiolar wings
can be recognized with ease ad.irgarganicumsubsp.lasioclades The wings can

be obscure as in. tomentosurvar. alpestre(Figure 33).
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Figure 33. Transverse section of petioles of seledtachiumtaxa.A: L. lycium, B:

L. tomentosumvar. alpestre C: L. cymbalarifolium D: L. garganicum subsp.
striatumE: L. garganicumsubsplasiocladed: L. garganicumsubsplaevigatumG:
Galeobdolon (L. galeobdolon subsp. montanumy H: L. orientale ab; abaxial
epidermis, ad;adaxial epidemis, vb; vascular bundle, svb; subsidary vascular
bundle
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3.3.5Systematic Implications of Vegetative Anatomy in the genusamium

Metcalfe and Chalk (1972) pointed out some useful information about root
anatomy of the family Lamiaceae. Such that, the pithiraylseroots of the family
are composed of-22- or morerowed cells. Our findings are consistent with those
of Metcalfe andChalk (1972) and some other investigated membershef
Lami aceae (Din- and ¥ztg¢r k, 200 8; Baran and
2011; Cel ep, et al . 2,213 Kahr@Brem ed al., 2810 ¥z de mi r
20108. It is reported that the root ceatis filled with primary xylem in some
Lami aceae zdeannlrelesel 1099; Uysal 200Baran and¥ zdemir
2006;¥zdemir et al . 2008, 2009) . According t
stem parts, some characters are found to be taxonomictilynative. Pith ray
rows in the roots are partly significant for some species. Such that, ther88are 1
rows of pith ray inL. cymbalariifolium and L. sandrasicum However, in the
numerical taxonomic tree, the species are grouped togetherLwittium L.
cariense L. garganicum subsp. striatum L. garganicum subsp. rectum L.
garganicum subsp. lasioclades L. garganicum subsp. laevigatum L.
microphyllum L. capadocicurmandL. bilgilii, which have 13 rows of pith ray. It is
evident from thegross morphlegy that, L. cymbalariifoliumandL. sandrasicum
are only similar to the garganicum complex™ on the basis of their corolla
morphology. In addition to the morphological characters, root anatomical data is a
taxonomically significant character for these teswedemicspecies. Similarlyl.
maculatumandL. villosifoliumhave 16 rows of pih raysin their roots.Therefore,
in addition to the morphological characters, root anatomical data is a taxonomically

significantcharacter for these two species.

The characteristic feature of the Lamiaceae family is a quadrangular stem and
awell-developed collenchyma, supportitigg tissues at the corners of the stem and
a developedclerenchymatic tissue surrounding the vascidsue (Metcalfe and
Chalk 1972). A welldeveloped plague collenchyma was clearly distingushable at

the corners ofthe crosssections of the wpdrangular stems of some species
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However, sclerenchyma was hardly present in the @esson of neither the stem

nor the root, in contrast to those described by Metcalfe and Chalk (1972). Our
findings are consistent with s@other investigated members laddmium (Baran

and ¥zdemir, 20009; Bar an and ¥zdemir,
¥zdemi 120132012

The presence of collenchymatous tissue at the corner of stems and their
number of layers are found to b@xonomically informative charactrSuch that,
L. eriocephalumsubsp.eriocephalumand L eriocephalumsubsp.glandulosidens
do not have collenchymatous tissue at the corner of their siéi@se two species
were included in secAmplexicaul§Mennema, 289). However, other members of
sect. Amplexicaulel( amplexicaule subsp. amplexicaule var. amplexicaule
amplexicaule subsp. amplexicaule var. aleppicamd L. macrodof have 35
layeredcollenchymatous tissue at the corner of their stems. Morethergross
morphology ofL. eriocephalumsubsp.eriocephalumreveales some differences
from the other members of sectAmplexicaule Thus, the presence of
collenchymatous tissue at the corners of the stem is a valuable character for this
particular sectionSimilarly, L. cymbalariifoliumandL. sandrasicundo not have
collenchymatous tissue at the corners of their stem. Howlevigcium L. cariense
L. garganicumsubsp. striatum L. garganicumsubsp.rectum L. garganicum
subsp. lasioclades L. garganicum subsp. laevigatum L. microphyllum L.
capadocicumandL. bilgilii have 36 layered collenchymatous tissue at the corner
of their stems. Thus, the presence of collenchymatous tissue at the corners of the

stem is a valuable character for these endemicspecies.

Lamiumarmenumsubsp.armenumand L. armenumsubsp.sintenisiiwhich
were included in sectLamium by Mennema (1989),have 23 layered
collenchymatous tissue at the corners of their stem. However, these two species are
morphologicdly very different from the members of secamium in which there
are 36 layers of collenchymatous tissue at the corners. In addition to the
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morphological charactersstem anatomical data is a taxonomically significant

character for these two species

The structure of vascular bundles in the crosssection of the petiole in
Lamiaceae species may be important for taxonomy (Metcalfe & Chalk 1972). The
analysis of the petiole crosgction showed that 2 collateral vascular bundles were
present in the centand 1 bundle was present at each end of the-sexgion of all

investigated Lamium species. Our findings are consistent with some other

investigated members dmium( Bar an and ¥zdemir , 20009;

2011; Baran anp@l3¥zdemir, 2012

According to the transverse section of leaf and petiole parts, some characters
are found to be taxonomically informative. Regarding the shape of leaf midrip
tranversesection,L. cymbalariifoliumandL. sandrasicunhave rounded vascular
bundles in the midip of their leaves. They are distinguished from other members of
the species group on the basis of this particular character. The number of palisade
and spongy paranchyma layers in the leaf mesophyll tissue is not a taxonomically
informative character amgnthe investigated species. Regarding the transverse
section of the petiole anatomy, microphyllum L. cymbalariifolium and L.
sandrasicumhave round shaped petioles. In additidn, microphyllum L.
cymbalariifoliumand L. sandrasicundo not have colleshymatous tissue at the
corner of their petiolesCompared to thegarganicumcomplex’, hesethree
specieshave a rather distinct position with respect to this character. The petioles of
Lamium eriocephalum subsp. eriocephalum L. eriocephalum subsp.
glandulosidens, L. amplexicaule subsp. amplexicaule var. amplexicaule, L.
amplexicaule subsp. amplexicaule var. aleppicamd L. macrodondo not have
collenchyma at the petiole corners, thus, this chearas of taxonomic importance

for sect Amplexicaule

The anatomical properties &f orientale and L. multifidum support their

inclusion in the genusamium where they were previously assigned to genus
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WiedemannigFischer and Meyer, 1838). Later on, both were included in Lamium
(Krause, 1903; Ryding, 2008tarley, 2004; Govaerts et al., 2010). The anatomical
findings of the present study and a recent comparative study (Atasagun et al., 2015)
on the taxa are consistent however both species are includ&tedemannian

that study.

Gross morphology of amium galeobdolorsubspmontanunreveals that, the
transfer of the species to a separate genus seems to be legilihet@natomical
resultsmay support the inclusion df. galeobdolonsubsp.montanumin the genus
Lamium Moreover, he integration ofGaleobdolonand Lamium seems to be
legitimate by Bendiksby et al. @21b) and Krawczyk et al. (2013019 however its

taxonomic placement is not settled.

*In Tables 6-9, taxa in parenthesis are the synonynf the taxa written in red.
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Table 6 Charaterization of the root and stesomponents itamium

9.

Taxon Root Stem
Nb of Nb of
Peridermis Cell Cortex Cell pith Epidermis Cell Cortex Cell CoL VB
ray Layer (+
rows SVB)
L. lycium 36.32N6.53 (25.1850.89) | 48.81N9.50 (33.8662.53) | 1i3 20.74 N 45| 37.76 N w8@®p| 56 4 (+4)
L cariense 29.76N5.67 (22.4944.74) | 24.49N4.81 (18.9834.42) | 1i3 19.92 N 2448 | 29. 72 N @580 | 4i5 4 (+4)
(LL' 9;};?;25#1;'5““*’5"'““"‘ 25.85 RN @o®p|42. 13 N B258 12 16.03 KN i2144)5| 26. 96 N B384y | 4i5 4
'('L' %iﬁrl‘frann)sumps”'amm 30.12K5.78 (19.1847.78) | 37.11N6.67 (28.0851.72) | 1i2 23.08 RN ®92p| 35.38 N 9.3y | 3i4 4
L. garganicumsubspstriatum 30.57R3.88 (24.5934.19) | 30.12f17.27 (12.387.20) | 1i2 | 4 6. ®D10f17.3886.68) | 55. 23 (Boen®E73.82%9 | 1i2 4
(L. garganicunsubspreniforme)
L. garganicurmsubsp striatum . . . .
(L. garganicunsubsp. 20.18N5.05 (13.9031.12) | 23.49N5.55 (14.7035.71) 1i2 13. 71N 321833 25.28 N B5Wp 3i4 4
nepetifoliun)
L. garganicumsubsprectum 34.53 (N1B7.3BY |29. 16 N7is5QM)| 12 17.04 N 3209 | 34. 49 RN 44299 475 4 (+4)
L. garganicumsubsp.lasioclades 34.53N8.87 (27.1157.35) | 29.16N7.14 (22.1950. 11) | 1i2 17.04 N ®22MB| 34. 49 (Wom2.®P | 5i6 4 (+4)
L. garganicunsubsprectum o N . P N .
(L. garganicunsubsp. pulchrum) 39.92 N 162631 55. BON32.2687.34) | 1i2 24. 46 N 6i3498) 52. 70N 1172.69 1i2 4
) . 39.39 (2846%2.5% | 40. 05 NB8i4e58) | 1i3 29. 86 N7i4308) 61. 47 N1389.63] 2i3 4
L. garganicunsubsplaevigatum
L. garganicumsubsplaevigatum 27.72 N ®4e®P| 21. 78N 2i2050) | 1i2 30. 21K 9141398) 6 6. 7 4 (62.95 87603) 12 4
(L. veronicifolium)
L. microphyllum 31.65 N 54389 | 29. 43 N4 .14184)( 13 29. 94 N3 .i8518) 57.36N14i78%4) 1i2 4
- 41.04 N5i4819) | 61. 36N13i79.3)| 1i8 37 . 77 (28.9139053) 56. 75N5.i8%77) | Absent 4
L. cymbalariifolium
29.56 N 53832 | 36. 31N 9i5391)| 1i8 37. 18 N6i4603) 38. 53 N7i5%437) | Absent 4

L. sandrasicum




Table 6 (cont'd)

L

Taxon Root Stem
Nb of
pith CoL Nb of
Peridermis Cell Cortex Cell ray Peridermis Cell Cortex Cell Layer VB
rows (+;
SVB)
27.47 N w38B| 21. 25N 5i30148) 14 40.65 N1169.83) | 74. 92 N1 810a25) | 2i3 4
L. armenunsubsparmenum
o 34.51 N #wW®p| 41. 35N 1175945 1i3 31. 73N 5i4240) 53. 06N 128037 2i3 4
L. armenurrsubspsmtenlsu
L. purpureum & " o~ . P o )
(L. purpureunvar. purpureum) | > 5 29 N 1169.88)4 69 . T68RN47.59101.07) | 1i2 22.50 (1813B0.Y | 50. 06 N B7.24p | 3i4 4 (+4)
L. purpureum ) 37.77 N 344877 | 72. 25RN19i15565)( 12 28. 596 .iax23) 43.85N9.iB7195) 3i4 | 4(+4)
(L. purpureunwvar.aznavourii)
L. eriocephalumsubsp. 35.43 RN 284B)8| 22.29 N £119)2| 12 42.94N8.-868) (| 85. 76N11-1834)( Absent| 4
eriocephalum
Elairéiﬁii’iﬁi'ﬁ?“bsp' 70.20N117.68 (42.2693.00) | 79.3015.96 (55.26115.36) | 1i4 | 35.51K9.17 (19.9746.26) | 58.88 N10.91 (44.9871.54) | Absent | 4
L. amplexicaule subsp. ~ B ~ ~
amplexicaule var. amplexicaule] 38 . 16 N7 .-5847) (| 85. 19 N1 3-1542) 12 17.75N4.-284) (| 44.09N09 .-6681) (| 3i4 4
(L. amplexicaule)
L. amplexicaule subsp. ~ ~ ~ ~
amplexicaule var. aleppicum 37.56N7.-8808) ( 34. 9N6. 4&868)( 2 1i3 23. 85N3.-84) ( 30. 42N5 .-5123) ( 415 4 (+4)
(L. aleppicum)
L. macrodon & o . ~ o "
25. 14KN4 .-2B00) (| 20. 24N4 .-Z84) (| 12 19. 677 {©0625.24) 44.28KN9 .-8888) (| 4i5 4 (+4)
L. ehrenbergii 24.13RN5.i3%37) 39.94RN9.i%y8) (| 1.2 24.71RN5.i8883) | 29. 69 N4.i36069) 12 4
L. maculatum 25.53 RN @2908L| 26.98 N ®BI2ApP| 16 16.30 N m8mp| 25.70 N 4L | 4i5 4
(L. maculatunvar. maculatum)
L. villosifolium o o . o o .
(L. maculatunvar. villosifolium) 23.10 N @emp| 36.70 N w0.%BE | 15 20.69 N ®@®p| 50. 89 N w70.860 | 4i5 4
L. maculatum o o . o o "
(L. gundelsheimer) 38.14 N w8mep| 43. 43 N &6.0601 | 16 16.44 N ®09%p| 39.08 N B5@y | 3i4 4
L. maculatum 42.78N12-7468) 26.21RN7.-385) (| 14 2 3. 2 6([{«48032.29) 41.12N11-6882) 617 | 4(+4)

(L. truncatum)




Table 6 (cont'd)

8.

Taxon

Root

Stem

Nb of COL Nb of
Peridermis Cell Cortex Cell pith Peridermis Cell Cortex Cell Layer VB
ray +
rows SVB)
I(L a;?gju";f)“bsr’a'b“m 18.14N3.54 (13.6826.23) | 21.26N3.15 (14.2026.54) | 1i3 14.49 N m7zmB| 22.85 N wo.&p| 6i7 4
(LL ac'?i‘;?usr%”p”'”'t“m 20.84 R @e®mL| 39.49 RN ®H6WD| 12 22.90 RN @480 | 58. 67 83570157 56 | 4(+4)
L. tomentosumar. 5 . - .
tomentosum 45.68 N1065043 | 30. 87N 6i43025) 12 21. 27K 4i2668) 35. 03N 7i4a50) 3i4 4
L. tomentosumar.alpestre o & o . ~ o "
(L. sulfureum) 20.99 RN #4458 | 31. 581 (86.2439.40) 12 21.34 RN @58y | 47.27 N ©%83p| 34 4
L. moschatum B ~ ~ ~
(L. moschaturwar. 31.41 RN wealp| 20. 44 RN 0.y | 1i3 26.48 RN w3mp| 45.78 KN ®0.16p | 4i5 | 4(+4)
moschatum)
L. moschatum . 32.3313.98 (25.2237.89) | 21.27N5.09 (14.8831.22) 12 28. 11R 5i4838) | 49. 85 RN &BLEL| 45 | 4(+4)
(L. moschaturwar.rhodium) ) ) ) ) ) ) ) ) ) ) ) )
L. micranthum ~ B ~
(L. moschatum var. 31.22 RN 33641 | 21.27 RN 53103 | 12 27.17N 5i4383)( 48.33 N 76043 | 4i5 4
micranthum)
L. ponticumsubspponticum | 5 7 5§ § gyEramE 38. 71 N WOED | 13 21.44 RN 2466 | 54. 13 RN 3.3y | 4i5 | 4(+4)
(L. ponticum)
L. galactophylium 26.85 RN DBLBY| 40.29 RN 12028)¢ 16 17.68 N W@1®B| 29. 13 N ®3.68R | 3i4 | 4(+4)
| tschorochense 25.15 N ®741| 32.61 N wWL®p| 1lid4 14.54 N i23198| 41 . 454 (16.5863.62) 12 4
L. albumsubsperinitum 27.05 RN ¥9.8®yY| 35.66 N W5&EHY| 12 15.67 Ni25088| 44. 97K 2413062) | 56 | 4(+4)
(L. vreemanii)
L orientale 32. 34N 9i4%3a) 29 . 2 2@{ %27 3962) 14 32. 09N4.i8165) 54. 29 N5 .i8225) 213 4 (+4)
L multifidum 33.24 RN 94921 | 31.65 R4i4222) ( 13 33. 11RN4.7M834( | 55. 31RN4.i16232( { 45 | 4(+4)




Table 6 (cont'd)

Taxon Root Stem
Nb of
pith COoL Nb of
Peridermis Cell Cortex Cell ray Peridermis Cell Cortex Cell Layer VB
rows (+'
SVB)
Galeobdolon . . . .
(L. galeobdolorsubsp. 21.45 N R8®BNU| 24.85 N 540.01% li4 12.87 N il6.38)4 22.62 N BLHEB 3i4 4
montanum)
L. bilgili 39. 14 KN6i48.B) 59. 36N11i76.®) / 23.16N4.-®284) (1 39.18 N /B3.Wwy| 34 4 (+4)
L. ponticumsubsp. 43.68 NO9is193) 29. 80N 6i42478) 1i3 24.26N4.-289) (1 40.85 N 85595 4i5 4 (+4)
anatolicum
~ ~ ) s Y - 'Y o "
© | | cappadocicum 30.22 N 33544 | 20.27 N 53023 1i2 26. 17N 5i4718) (| 46. 33 N ©8.38 2i3 4
L. amplexicaulesubsp. 40. 14 (3.8642.2) 55. 36 N1 01i80.1) 1i2 21.55 N #30.26) 48.67 N 16.137 12 4
vanense

COL: Collenchyma, VB: Vascular Bundle, SVB: Subsidary Vascular Bundle




Table 7 Characterization of the leaf componenttamium Column headings MBumber, MB shapesorrespond to the midrib of leaf

and PPL, SPL to its lamina, /; no data.

08

Taxon Midrib parenchyma Midrib Trachea VB number VB shape PPL SPL
L. Iycium 21.05K14.98 (16.1824.47) 7.82N0.83 (6.339.21) 1 Rounded U 2 12
. 19.35N3.96 (12.9729.43) 8.77N0.90 (7.2110.34) 1 Open U 2i3 12
L. cariense
L. garganicumsubsp striatum 25.02 RN w3@p ( 9.10 N m055R 1 Open U 2i3 2i4
(L. pisidicum)
L. garganicunmsubsp striatum 29.72K6.22 (22.7740.47) 9.65K11.60 (7.6713.50) 1 Rounded 2i3 1i2
(L. tenuiflorum)
L. garganicumsubsp striatum 21.64 Nimo®31| 7. 17 RN1i1002) 1 Open U 2i3 2i3
(L. garganicunsubspreniforme)
L. garganicunsubspstriatum / / / / / /
(L. garganicunsubsp nepetifolium
L. garganicunmsubsprectum / / / / / /
L. garganicunsubsp. lasioclades 22.47 N wo®pB ( 11.13 KN 713.58)1 1 Open U 2 12
L. garganicunsubsprectum 22.47N4.68 (16.6429.95) 11.13N1.41 (8.2813.50) 1 Open U 2 2
(L. garganicunsubsp.pulchrum)
L. garganicumsubsplaevigatum 21.15 Ni32598 ( 6. 79 N Moy 1 Open U 213 3i4
L. garganicumsubsplaevigatum 26. 02 (185843310 10.34 R i2.6736 1 Open U 2 3i4
(L. veronicifolium)
L. microphyllum 29.43 N ®2378 ( 8.81 N m1Bp 1 Open U 2i3 2i3
L. cymbalariifolium 26.42 N ®5%B ( 9.07 N ©1.20P 1 Rounded 34 2i3
21.48 N Boap ( 6.73 N 14826 1 Rounded 2i3 2i3

L. sandrasicum




Table 7 (cont'd)

T8

Taxon Midrib parenchyma Midrib Trachea VB number VB shape PPL SPL
28. 48 N ®3.Mp 8. 75 N 23.my 1 Open U 213 2
L. armenunsubsparmenum
N 47.17 N ¥9.48p 9.10 N 10.%pB 1 Rounded 34 34
L. armenunsubspsintenisii
L. purpureum 21.37 N 24616 9.69 N m2=p 1 Open U 2 1i2
(L. purpureunvar. purpureum)
L. jpurpureum i 28.74 N BALEDP 9.68 RN1i1788) ( 1 Open U 1i2 1i2
(L. purpureumvar.aznavourii)
L. eriocephalunsubsperiocephalum 22.12N2.i36568) (1 8.81N0.i80®5)( 6 1 Open U 34 24
L eriocephalunsubspglandulosidens 23.62N3.45 (18.9529.96) 10.15N1.43 (7.9713.40) 1 Open U 34 2-3
L. amplexicaule subsp. amplexicaule vg
amplexicaule 24.33N4.-3588) (1 8. 91N1.-B.47) ( § 1 Open U 2-3 2-3
(L. amplexicaule)
L. amplexicaule subsp. amplexicaule vg
aleppicum 26.12N5.-4483) (1 11.52N1.-845) ( 1 2-3 2-3
) Open U
(L. aleppicum)
35.66 N &1.23 12.88N1.-%87) ( 1 Rounded 1-3 2-4
L. macrodon
L. ehrenbergi 21.33 N #1.B3B 6. 93 N 18.16) 8 1 Rounded 213 213
Continuous arc
L. maculatum 26.65 N ¥36.348 9.87 N 0L1.818 1 with incurved ends| 1 1i2
(L. maculatunvar. maculatum)
Continuous arc
L. villosifolium 21.14 N 26. 2% 7.95 N 19.30 4 1 with incurved ends| 1i2 112

(L. maculatunvar. villosifolium)




Table 7 (cont'd)

Z8

Taxon Midrib parenchyma Midrib Trachea VB number VB shape PPL SPL
Continuous arc with
L. maculatum 40.08 N i57.58 13.79 N m7.ep 1 incurved ends 1 12
(L. gundelsheimeri)
Continuous arc with
L. maculatum 36. 42N10-596B) (| 13.69N3-1927) 1 incurved ends 12 2i3
(L. truncatum)
Continuous arc with
L. albumsubspalbum 23.98N5.42 (14.8337.66) 7.25N0.83 (5.659.07) 1 incurved ends 1i2 2i3
(L. album)
L. albumsubspcrinitum o o
. 537. . .
(L. crinitum) 27.32 N B7.R8p 11.26 N i13.25 4 1 Open U 2 2
L. tomentosumar.tomentosum 18.87 N #5.200 8.18 N i111.%3% 1 Open U 2i3 2i3
L. tomentosurmar. apestre 32.75 N ®4%B | 10.85 N 113453 1 Open U 34 2i3
(L. sulfureum)
L. moschatum ~ o . "
(L. moschatunvar. moschatum) 32.16 N BA7.05p 9.14 N W0l1.12p 1 Open U 1i2 2i3
L. moschatum -~ ~ . .
(L. moschatuwar. thodium) 33.06N6.12 (20.2648.22) 8.64N0.86 (7.2710.50) 1 Open U 1i2 1i2
Continuous arc with
L. micranthum 34.06N6.32 (21.3248.22) 8.65N0.71 (7.7610.34) 1 incurved ends 1 12
(L. moschatum var. micranthum)
L. ponticumsubspponticum 25.63 N W5my | 11.31 KN i12.903 1 Open U 2i3 2
(L. ponticum)
L. galactophyllum 24.54 N ®9.5p 6.99 N W3®4 1 Rounded 1i2 1i2
L. tschorochense / / / / / /
Continuous arc with
L. albumsubspcrinitum 26.58 N ®01Rp 9. 25 (A.16314.99D 1 incurved ends 1 12

(L. vreemanii)




Table 7 (cont'd)
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Taxon Midrib parenchyma Midrib Trachea VB number VB shape PPL SPL
L orientale 27.67 N 18B3.8)p 9.89 N 111.38%4 1 Open U 1i2 2
L multifidum 28. 66 N3.T8¥48B4) (20 10. 02N1ilRp3) 1 Open U 1i2 1i2
Galeobdolon 24.57 N E33.8y 7.83 N 19782 1 Open U 1i2 2i3
(L. galeobdolorsubspmontanum) ' ' ' . P
L. bilgili 32.06N6.12 (22.2650.11) 8.72N0.68 (7.2510.78) 1 Open U 2 2i3

Continuous arc with
25. 41 N u4sarp 11.78 Ni131D1 1 incurved ends 2i3 2

L. ponticumsubsp.anatolicum
L. cappadocicum 23.54 N 8B8Yp 7.12 N 1B9®7 1 Open U 2i3 2i3
L. amplexicaulesubspyanense 20. 33N4 .-3124) (1 7. 96N1.-854) ( 1 Open U 1i2 1i2

VB: Vascular Bundle, PPL: Palisade Parenchyma Layer, SPL: Spongy Parenchyma Layer




Table 8 Characterization of the petiole componentsEamium /; no dataTS shape Transverse Sectighape of the petioles

¥8

Taxon TS shape Adaxial epidermis Abaxial epidermis Cortex cell Trachea cell

L. lycium U-shaped 19.92N5.24 (12.3632.88) | 21.01N3.72 (14.9827.56) | 44.53N8.20 (30.2655.93) | 9.61N1.40 (7.3312.29)
L. cariense U-shaped 13.86N2.00 (11.6616.79) | 16.78N2.24 (13.3620.31) | 26.01N5.14 (18.4235.62) | 13.31N1.57 (10.415.95)
'(‘L g;;?;gf;m“bs'osmat“m Vshaped | 21.49 R wrBp| 18.52 N @268 |34.56 RN 64617)| 11. 40 N i13.88)C
(LL gt:ﬁ"’i‘frl‘('frﬂf)“bs"smat“m U-shaped | 15.68N3.45(9.5622.05) | 16.64K3.35(11.2722.18) | 25.40K6.58 (16.6834.87) | 10.73N1.35 (8.7612.95)
L. garganlgunsubspstrlgtum U-shaped / / / /
(L. garganicunsubspreniforme
L. garganicunsubspstriatum
(L. garganicunsubsp nepetifolium U-shaped / / / /
L. garganicunmsubsprectum Ushaped | 18. 71 N 325816| 14. 15 N %2214 | 30. 98 N #W0.®p| 11. 014881 13.13)
L .garganicunsubsplasioclades U-shaped 18.71N3.66 (13.6925.91) | 14.15N4.19 (11.7722.14) | 30.98N4.66 (21.9940.22) | 11.04N1.11 (8.8113.13)
L. garganicunsubsprectum ~ - < o
(L. garganicumsubsp. pulchrun) U-shaped | 27.88 N 56| 25.90 KN #33320 | 6 1. 25008 (84.7197.25)| 8. 96 N 113.40p
L. garganicurrsubsplaevigatum U-shaped 27.08 N ®2@y| 23.10 N ®B.&®L|51.28 N oimp| 14. 11 N i30.18)(
L. garganicunsubsplaevigatum o o - . N
(L. veronicifoliun) Ushaped | 20.27 N ®88p| 22.10 RN 2669 | 443N 10. 4866482 8. 45 N 1DI1.MB
L. microphyllum U-shaped 18.59N3.80 (11.5824.36) | 16.05N3.03 (11.9122.80) | 31.84N5.79 (22.3844.17) | 8.23N1.03 (6.539.54)
L. cymbalariifolium U-shaped 26.79 N #3484 27.45 N ®B5my | 50. 80633 @7.5R60.16) | 11. 69 N 126.1@ 6
L. sandrasicum U-shaped 22.21 N ®2m®p] 20.96 N #WB0.BB|39.46 N msme| 9. 74 N ©2.8Y
L. armenunsubsparmenum U-shaped 28.21 N7i4#41%) | 32.90 N w®p | 61.42 RN 7w2®mp| 9. 68 N m2.mn
L. armenunsubspsintenisii U-shaped 21.54 N ®76)y| 28.95 N ®B780|[31.83 N @32 7. 73 N (111538
L. purpureum Ushaped | 17.47 RN m@omp| 15.11 RN MOmMp | 34. 6.66(2R4942.87) | 10. 70 K 113.18
(L. purpureunmvar. purpureum
L. purpureum < T . .

. Ushaped | 28. 67 N ®02Z2p| 25.77 KN #3816Q | 57 . 95337 (43.4095.04) | 1 4 . B85 [11.6221.16)
(L. purpureumvar. aznavouri)
L. eriocephalunsubsp. U-shaped | 22. 76RN4.-2887) (| 25. 92N4.3689) (| 35. 96K5.-834) ( 11.71RK2-1a48)
eriocephalum
L -eriocephalunsubsp. U-shaped | 24.67R4.25 (18.0929.38) | 29.78K3.35 (25.1837.25) | 50.25R12.27 (33.6486.02) | 13.49N2.58 (8.1317.31)

glandulosidens




Table 8 (cont'd) TS shape Transverse Sectighape of the petioles
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Taxon TS shape Adaxial epidermis Abaxial epidermis Cortex cell Trachea cell
L. amplexicaule subsp.
amplexicaule var. amplexicaule U-shaped 21.51N4.-3236) (| 19.62K4.-2865)( 18.03N3.-2882) (| 10. 12KN1-1D73)
(L. amplexicaule
L. amplexicaule subsp.
amplexicaule var. aleppicum U-shaped 23.51N5.-3584) (| 21.62N3.-2689)( 34.54N5.8284) (| 10. 62N1-1%563)
(L. aleppicun
L macrodon U-shaped 24.40N3.94 18.0032.71 26.58N3.55 21.7532.65 52.57N15.66 31.6597.89 | 11.82N1.79 8.4815.45
L. ehrenbergii U-shaped 21.71 N ®8@p |20.48 N ®27BB| 32.56 N ®2%R | 6. 74 N 179493
L. maculatum S o . N
(L. maculatumvar. maculatuny U-shaped 14.17 N @7mp | 11.59 N i1459p0 34.87 N ®©38p | 9. 87 N i12.94p
L. villosifolium - o o o
(L. maculatumvar.vilositolium) U-shaped 18. 507 (f922629) | 19. 43 N @4aWP| 42.39 N ©2308 | 9. 08 N m2oup
L. maculatum ~ o ~ o "
(L. gundelsheime)i U-shaped 17.74 N @388 |21.12 N @5Hp| 42.59 N106723 | 16. 74KN1.i71%2)
L. maculatum U-shaped 20.31R3.-2672) (| 19.58RN2.-2880)( 32.92RN12-63%) ( 17. 19 N2 .-2848)
(L. truncatum
(LL a;?;ﬁ“bs'oa'b“m U-shaped | 14.90K2.25(10.9721.75) | 14.07R1.10 (12.2715.25) | 24.58K3.51 (16.0030.09) | 8.75K1.35 (6.3510.45)
L. albumsubspcrinitum Opensickle | 1 ¢ 95  Rimipd 19.68 N wsmi| 28.75 N ®@aWB |12. 60 N 1486
(L. crinitum) shaped ' ' ' ' ' o ’ ’
L. tomentosurwar. tomentosum U-shaped 19.73 N #5%K [ 29.28 N B9208 55. 08 N1279383 [10. 06 N i12.6%
L. tomentosumar. alpestre U-shaped | 18.68 N D42 | 20. 47 N ®5@p| 46.05 N116575 |13. 37 ({097 88@9)
(L. sulfureun
L. moschatum o o oo N .
(L. moschatunvar. moschatuih U-shaped 18.92 KN @2mp | 19.21 N @4amp| 45. 78 N8ieq1d) (14. 78KN1.i%054)
L. moschatum - . . .

U-shaped 19.92N2.37 (15.3023.09) | 19.12N2.07 (16.6023.09) | 47.30N9.63 (32.0265.44) | 15.40N1.84 (13.4220.13)

(L. moschatunvar. rhodium)




Table 8 (cont'd) TS shape Transverse Sectighape of the petioles
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Taxon TS shape Adaxial epidermis Abaxial epidermis Cortex cell Trachea cell
L. micranthum
L. moschatum var. U-shaped 20.54N2.43 (15.45 23.12) 19.42N2.34 (16.5423.39) 46.43KB.65 (33.12 64.40) | 15.20\1.54 (14.1221.33)
micranthum
L. ponticumsubsp.
ponticum U-shaped 19.13 N @245 20.59 N 23721 43, 781 ($8.9858.43) | 13. 6 0 N1 .i#584)
L. ponticum
L. galactophyllum U-shaped 19. 07 N 88181 17.69 N ®2R1LAPp 33.86 N ih7.8) 8.70 N 10942
Open sickle < - ~ ~

L tschorochense shaped 18.17 N #7400 16. 29 (1R.45x0.a21 30. 33 N ©4.HB 8.66 N 10.up
L. albumsubspcrinitum Opensickle |5 4 g1 RN ®2mp| 19.25 N WiBB | 42.11 N1887949 | 13. 36N 32336
L. vreemanii shaped
L orientale U-shaped 22.25 N ®7408 | 20.27 N @4y | 44.27 N116082 |13.66 N i89.99

o U-shaped 23.55N2.138314) ( 21. 47RN2.i2584) (| 46. 77N10i6366) ( 14. 64 N3i26.%)
L. multifidum
Galeobdolon
L. galeobdolorsubsp. U-shaped 12.65 N 11585 13.41 Ni2Z199| 30. 70 KN w®&7.07pD 7. 13N1.i9.08) (
montanum
L. bilgil U-shaped 23.51N2.i3774) ( 22.47NR2.i2489) (| 62.72 N W57 | 9. 62 @1212.210
L. ponticumsubsp. U-shaped 21.14 N @342 21.36 N wm4xmp | 31.72 N m8ere | 8. 78 N 110.06D
anatolicum
L. cappadocicum U-shaped 25.51N5.-3634) ( 24.65N3.-31.89) ( 34. 77 @515 .24) 10. 17 N1-1871)
L. amplexicaulesubsp. U-shaped 22.18NK5 .-38335) ( 22.77RK3.-®824) ( 32.55N5.-9%4) (| 11.62N1-1418)

vanense




Table 9 Characterization of the petiole componentsamium MB: Medianbundle, LB: lateral bundle, COL: Collenchymé&,no data.

Taxon MB MB shape LB COL COL
number number (corners) Layer
L. lycium 2 Open Ushaped with incurved ends 2 + 1-2
L. cariense 2 Open Ushaped with incurved ends 2 + 1-2
I(_I;.g;g;zljrl:)nsubsr)stnatum 3 Oven Ushaned ; . -
I(_I;.g:&el;gueilfr;cl)cntjrr:)subspstnatum 2 Open Ushaped 2 Absent Absent
L. garganicunsubsp striatum /
. . / / / /
(L. garganicunsubspreniforme
® L. garganicunmsubsp striatum / / / / /
L. garganicunmsubsp nepetifolium
L. garganicunsubsprectum 2 Open Ushaped with incurved ends 2 + 1
L. garganicunsubsp.lasioclades 2 Open Ushaped with incurved ends 2 + 1-2
L. gargamgumsubsprectum 2 Round Ushaped 5 . 12
(L. garganicunsubsp. pulchrun)
L. garganicunmsubsplaevigatum 2 Open Ushaped with incurved ends 2 + 1-2
L. gargar_m?urr_subsplaewgatum 2 Open Ushaped 2 Absent Absent
(L. veronicifolium
L. microphyllum 2 Open Ushaped + rounded 2 Absent Absent
L. cymbalariifolium 2 Round Ushaped 2 Absent Absent
L. sandrasicum 2 Round Ushaped / Absent Absent
L. armenunsubsparmenum 2 Open Ushaped 2 + 1-2
L. armenunsubspsintenisii 2 Open Ushaped 2 + 1-2
L. purpureum 2
(L.ppurppureum/ar.purpureun) Open Ushaped 2 " 1




Table 9 (cont’d)MB: Median bundle, LB: kteral bundle, COL: Collenchym&,no data.

Taxon MB number MB shape LB number COL (corners) COL Layer
L. purpureum ) 2 Rounded 2 + 1.2
(L. purpureunvar. aznavourii)
2
L. eriocephalunsubsperiocephalum Open Ushaped 2 Absent Absent
2
. . h 2 A A
L .eriocephalunsubsp glandulosidens Open Ushaped bsent bsent
L. amplexicaule subsp. amplexicaule v 2
amplexicaule Open Ushaped 2 Absent Absent
(L. amplexicaule)
@ L. amplexicaule subsp. amplexicaule v 2
aleppicum Open Ushaped 2 Absent Absent
(L. aleppicum)
L. macrodon 2 Open Ushaped 2 Absent Absent
L. ehrenbergii 2 Rounded 2 + 1-2
L. maculatum 2 Open Ushaped with incurvednds 2 + 1-5
(L. maculatumvar. maculatum)
L. villosifolium e 2 Open Ushaped with incurved ends 2 + 1-2
(L. maculatunvar. villosifolium)
L. maculatum 2
L h ith i q 2 + 1-2
(L. gundelsheimeri) Open Ushaped with incurved endg
L. maculatum 2 Open Ushaped with incurved endg 2 + 1-2
(L. truncatum)
L. albumsubspalbum 2 Open Ushaped with incurved ends 2 + 1-3
(L. album)
L.al ini 2
a b_u.msubspcrlnltum Open Ushaped 2 + 1-4
(L. crinitum)




Table 9 (cont’d)MB: Median bundle, LB: kteral bundle, COL: Collenchym&,no data.
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Taxon MB number MB shape LB number | COL (corners) | COL Layer
L. tomentosumubsptomentosum 2 Open Ushaped with incurved ends 2 + 1-3
L. tomentosumar. alpestre 2 Open Ushaped 5 + 1.2
(L. sulfureum)
L. moschatum 2
0] Ushaped 2 + 1-2

(L. moschaturwar. moschatum) pen Lshape
L. moschatum 2
(L. moschatunvar. rhodium) Open Ushaped 2 * 13
L. micranthum 2

. h ith i 2 + 1-2
(L. moschatum var. micranthum) Open Ushaped with incurved ends
L. pontlt.:umsubspponncum 2 Open Ushaped with incurved ends 2 + 1-3
(L. ponticum)
L. galactophyllum 2 Rounded 2 + 1-2
L. tschorochense 2 Round Ushaped 2 + 1-2
L. albumsub§pcrlnltum 2 Open Ushaped / + 1.3
(L. vreemanii)
L. orientale 2 Open Ushaped 2 + 1-2
L. multifidum 2 Open Ushaped 2 + 2-3
Galeobdolon 2 .
(L. galeobdolorsubspmontanum) Open Ushaped with incurved ends 2 + 1-2
L. bilgilii 2 Open Ushaped 2 - -
L. ponticumsubsp.anatolicum 2 Open Ushaped 2 + 1-2
L. cappadocicum 2 Open Ushaped 2 Absent Absent
L. amplexicaulessubspvanense 2 Open Ushaped 2 Absent Absent




Table 10Voucher specimens diie genusLamiumexamined for their anatomical

properties
Taxon Locality
lycium Tur key, Muj | a, Fet hiye, Bat
. cariense Turkey, AntalyaE | mal &, F.Celep 179
. pisidicum Turkey, Isparta, Davramountain, F.Celep 1914 01.06.2013
. tenuiflorum Turkey, Karaman, Ermenek, F.Celep 1819 21.04.2013

. garganicumsubspreniforme

Tur key, Ka hr a mdn FGeleml845 282013 |

. garganicumsubspnepetifolium

Turkey, Adana, SaimbeylF.Celep 1847 25.04.2013

. garganicumsubsprectum

Turkey, Kahramama r a kK , S E.Cetep 38156120.05.201

.garganicumsubsplasioclades Turkey, Kahr a ma&.Ceep 184%24.04R018 i
garganicunsubsp pulchrum Tur key, Nijde, Al adajl ar, i
. garganicunmrsubsplaevigatum Turkey, Bursa, Uludag, F.Celep 3756, 24.4.2014

. veronicifolium Tur key, Bur sa, Uludaj, BB ]
. microphyllum Tur key, Muj | a, Fet hiye Babag
. microphyllum Turkey, Denizli, Honaz Mountain, F.Celep, 2014

. cymbalariifolium Tur key, Ant al ya, El mal e, F.
sandrasicum Tur key, Mu fndumtain, BB892H, 12208.2013
armenunsubsparmenum Tur key, Erzur um, Akkal e, F.

armenunsubsp sintenisii

Turkey, Kastamonu, llgaz ME.Celep 2002 30.07.2013

purpureumvar. purpureum Tur key, Ké z é It,¢.Edlep 18841 2.051218 k
. purpureunvar. aznavourii Turkey, I stanbul, Beykoz,
. eriocephalunsubsperiocephalum | Tur key, Nijde, Al adajlar |,
.eriocephalunsubspglandulosidens | Turkey, Antalya, Alay a, G° kbel F. Cel e
. amplexicaule Tur key, Muj | a, Fet hiye, Batl
. aleppicum Turkey, Kahramanmar ak AhEér ¢
macrodon Tur key, Ant al ya, Al anya, G
. ehrenbergii Tur key, Ant al ya, El mal e, F.
. maculatunvar. maculatum Tur key, Trabzon, Ma - k a, F.

maculatunvar. villosifolium

Turkey, Amasya] a v K g R.CeMjp 1856 13.05.2013

. gundelsheimeri Turkey,Ri z e, ¢aml éhemkin, F. Ce
truncatum Turkey, Hat ay, Kskender un,
albumsubspalbum Turkey, Mer sin, Féndékpéna
crinitum Tur key, A ma s, ¥.Gelep IB85V1R.G5.201M t
tomentosurwar. tomentosum Turkey, Van, OT 8581, 2013
sulfureum Tur key, Bayburt, taykar a, f

moschatunvar. moschatum

Turkey, Antalya, Olimpos, F.Celep 1798 17.04.2013

moschaturvar. rhodium

Turkey, Denizli, F.Celef780, 16.04.2013

moschatunvar. micranthum

Turkey, Hatay, F.Celep 3829, 21.05.2015

ponticum

Turkey, Giresun, Tamdere, F.Celep 187114.05.2013

. galactophyllum

Turkey, Erzurum, Tortum, F.Celep 1896 17.05.2013

. tschorochense

Turkey, Artvin, Yusufeli, F.Celep 1886 17.05.2013

vreemanii

Turkey, Erzurum, Tortum, F.Celep 1989 28.07.2013

. orientale

Tur key, Nevkehir, G°r e me, B

. multifidum

Turkey: Erzurum, Pazaryoll,Celep,2015

galeobdolorsubspmontanum

Tur key, Ri ze, ¢aml éhemki n,

ponticumsubspanatolicum

Turkey, Kastamonu, Kure, F.Celep 3840, 01.05.2015

bilgili

Turkey, Burdur, Altinyayla, F.Celep 3860, 05.06.2015

. cappadocicum

Turkey, Hasan mountain, F.Celep 3629,07.2014

. amplexicaulesubspvanense

Turkey,Van, G¢zel HGelep20%e - i di
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3.4 Trichome Micromorphology

Different types of observed trichomes and their distributionLamium
species are provided in Table.13elected SEM micrographs of various trichome
types are illustratedn Figures 3440. In general, two types of trichomes are
observed on leaf blades, calyces and stemsglerular and glandular trichomes.

These two type can further be divided into subtypes.

Non-glandular trichomes (NG) can be categedzs; short (NG1) andng
(NG2). Glandular trichomes (G) can be categorized as; capitateG@%3) and
peltate (G4) trichomes. Subsessile or sessile YGdhort stéked (G2) and long
stalked (G3) are thresubtypes bcapitate glandular trichome¥he most common
type of trichomes in studied speciesstsort (NG1) and long (NG2) nonglandular

trichomes and short stalked (G2) capitate glandular trichomes.

3.4.1Nonglandular Trichomes

Among nonglandular trichomes, size, cell number and presence of papillae
on trichome surface are considered as valuable charé€igr84). In terms of size,
simple norglandular trichomes are either short (NG1; from &0min L.
microphyllum Fig. 34 A to 10000 min L. tomentosunvar. alpestrd, long (NG2
from 15000 min L. tomentosunvar. tomentosumFig. 36 C&D, L. eriocephalum
subspglandulosidensFig. 37 C&D andL. orientale Fig. 38 C&D to 20000 min L.
bilgilii ; Fig. 39.

Simple nonglandular trichomes have some characteristic featuréiseon
surfacesuch as they have papillate surfaces (e.garganicumsubsp.lasioclades
andL. ponticumsubsp.anatolicum Figs.34 F and 40respectively. Detailed SEM
analysis revealed that, in all examined specimens, NG trichomes have papillate

surfaces.
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Figure 34. Scanning electron micrographs of nonglandular trichomesetscted
Lamiumtaxa A, L. microphylum. Simple short nonglandular trichomes on calyx
(scale 200 M B, L. album subsp.album Long and short uniseriate nonglandular
trichomes at adaxial leaf surface (scale ZDf. C, L. lycium Long nonglandular
trichomes on the apex of calyx (scale 2@ D, L. amplexicaule subsp.
amplexicaulevar. aleppicum Simple long nonglandular trichomes on calyx (scale
5000 nu. E, L. cappadocicumLong uniseriate nonglandular trichome at adaxial leaf
surface (scale 500 m. F, L. garganicum subsp. lasioclades Simple short

nonglandular trichomes on the apex of calyx (scal® 2
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3.4.2Glandular Trichomes

Analysis of LM and SEM studies revealed three types of capitate glandular
trichomes inLamiumspeciegFig. 35). The first type (G1lyepresents the subsessile
and sessile capitate glandular trichomes, with a basal cell, a stalk cell and a
unicellular head (e.d.. armenunmsubsparmenumFig. 35A) The second form (G2)
respresents the short stalked capitate glandular trichomes (tdrigthstalk up to 20
O me.g.L. cymbalarifolium Fig. 35D andL. garganicumsubsprectum Fig. 35G).

The third form (G3) is of long stalked glandutachomes which aréound only in
the new taxorflength of the stalk up to 200 me.g. inL. bilgilii , Figure 39. Peltate
glandular trichomes (G4) consist of a basal cell, a short stalk cell and a multicellular

head (e.gL. maculatumFig. 35B).
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Figure35. Scanning electron micrographs of glandular trichomes of geaosum

A, L. armenumsubsp.armenum Short stalked capitate glandular trichomes on the
calyx (scale 2@ . B, L. maculatum Short stalked capitate glandular trichomes on
the abaxial leaf surface (scale D C, L. maculatum Short stalked capitate
glandular trichome on the abaxial leaf surface (scaleC2f. D, L. cymbalarifolium

Short stalked capitate glandular trichomes at abaxial leaf surface (scAle)2(E,

L. albumsubsp.album shortstalked capitate glandular and nonglandular trichomes
on the abaxial leaf surface (scale 200 F, L.microphyllum Simple short
nonglandular and short stalked capitate glandular trichomes on the apex of calyx
(scale 2000 M G, L. garganicumsubsp.rectum Short stalked capitate glandular

trichomes on the apex of calyx (scale@@)
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3.4.3Systematic Implications of Trichome Morphology

Trichomes can be of great systematic significance and various trichome types
are used for diagnostic purposes in asgmmn with other characters (Khokhar et
al., 2012). Mennema (1989) have reported that glandular hairs are not observed
on the leaves of the genuamium According to the morphological description
of various species otamium by Mill (1982), the calyx is reported to be
glandular. According to the detailed investigation of the indumentum, various
types of trichomes are found to be taxonomically informative in the genus
Lamium Basically, there are two types of trichomes, asgtardular and
glandular trichomes. These two types can be further divided in subtypes
however; nonglandular and glandular hairs are found on stems, upper and lower
side of the leaves and calyces. Such thath nonglandular anglandular hairs

are found gprticularlyatthe tip of calyces.

The anatomical observations on variouamium species showed that
glandular hairs are present on the stem, petiole, leaf, bract, bracteole, calyx,
corolla and even generative organs of the investigated taxa, whichalgere
indicated previously,L( lycium Baran and Ozdemir, 2009 ahd moschatum
var. rhodium Baran and Ozdemir, 2011). Two main types of glandular hairs,
peltate and capitate, can be distinguished by head size and stalk length (Abu
Asab & Cantino, 1987)Also, L. pisidicumbears capitate and peltate hairs as
lately reported in som&alvia species in the literature (Baran et al., 2010a, b;
Baran and Ozdemir, 2013; Kahraman et al., 2010). Peltate glandular hairs with a
four-celled head were reported fbamium galeobdolon(Uphof and Hummel,
1962). In addition, peltate glandular hairs which are more thaelldd and long
stalked were reported In pisidicum(Baran and Ozdemir, 2013).

Lamiumlyciumbearsboth capitate hairs amkltate hairs (Baran & Ozdemi
2009) while L. moschatunwvar. rhodium bears capitate glandular hairs which
have cupshaped head and both the peltate hairs (Baran & Ozdemir, 2011). The
most common structure of peltate hairs of Lamiaceae is a secretory head of four

central cells and-@4 peripheral cells (Werker 1993).
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Scanning electron microscopyvestigations revealed that, the new taxa;
bilgilii bears the long neglandular trichomes, which is observed only in this
particular speciesThe nonglandular trichomes on the stem asxdnomically
informative particularly at the species level; such as, L. garganicum subsp.
laevigatum do not bear nonglandular trichomes on the stem. However, other

members of thegarganicumcomplex’ have nonglandular trichomes on their

stem.

Figure 36. SEM micrographs of trichomes o&&B, L. villosifolium, nonglandular
trichomes on the stem (A) and nonglandular and capitate glandular trichomes the
calyx (B) (scale 5000 m 100 O mrespectively) C&D, L. tomentosumvar.
tomentosumlong nonglandulatrichomes on the calyx (C) and the adaxial leaf

surface (D) (scale 200 m5000 nrespectively)
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Figure37. SEM micrographs of trichomes o4, L. lycium nonglandular trichomes

on the abaxial leaf surface (scale 2@0m B, L. armenum subsp.armenum
nonglandular and capitate glandular trichomes on the abaxial leaf surface (scale 100
Om C&D, L. eriocephalumsubsp. glandulosidens.Nonglandular and capitate
glandular trichomes on the calyx (C) and the abaxial leaf surface (D) (scaler00

50 O nrespectively)
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Figure38. SEM micrographs of trichomes o&, L. micrantum peltate trichomes on

the abaxial leaf surface (scale @ B, (GenusGaleobdoloh L. galeobdolon
subsp.montanumnonglandular and peltate trichomes on the calyx (scaleD10p
C&D, L. orientale Nonglandular trichomes on the stem (C) peltate trichomes on the

abaxial leaf surface (D) (scale 200m200 nrespectively)
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Figure 39. SEM micrographs of trichomes of;. bilgili. A; long nonglandular
trichomes on the stem, B; short stalked capitate glandular trichomes on the calyx, C;
long nonglandular trichomes on the calyx, D; long stalked capitate glandular
trichomes on the calyx, E; long nonglandular amart stalked capitatglandular
trichomes on the adaxial leaf surface, F; long nonglandular and peltate glandular
trichomes on the abaxial leaf surface (scale bars: A2a0B; 500 mC; 5000 m

D; 500 mE; 1000 mF; 2000
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Figure 40. SEM micrographs of trichomes off; ponticumsubsp.anatolicum A;

long nonglandular and short stalked capitate glandular trichomes on the calyx teeth,
B; short stalked capitate glandular trichomes on the calyx, C; peltate glandular
trichomes on the abaxial leaf surface, D; long nonglemdtichomes on the adaxial

leaf surface (scale bars: A; 2G0mB; 100 mC; 200 mD; 5000 m

*In Table 11, taxa in parenthesis are the synonymsf the taxa written in red.
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Table 11 Charazterization of the trichome componentsamiumspecies

TOT

Leaf
Abaxial surface Adaxial surface Stem Calyx
NG G PELT | NG G PELT | NG G PELT | NG G PELT
(G1+ | AT (G1+G2 | AT (G1+G | AT (G1+ | AT
(NG1+ | G2+G | (G4) | (NG1+ | +G3) (G4) | (NG1+ | 2+G3) | (G4) | (NG1+ | G2+G | (G4)
NG2) 3) NG2) NG2) NG2) 3)
L. lycium +++ - - +++ - - +++ + +++ + -
L. cariense +++ ++ + +++ - - + - - ++ + -
L. garganicunmsubsp striatum
L + - + + - - - - - ++ + +
(L. pisidicum)
L. garganicurnrsubsp striatum
. +++ - - +++ - + +++ - - +++ + +
(L. tenuiflorum)
L. garganicurrsubsp striatum
- . + - - + - - + - - + + +
(L. garganicunsubspreniforme
L. garganicunmsubsp striatum
(L. garganicurnrsubsp. + - + + - - + - - ++ + ++
nepetifoliun)
L. garganicurrsubsprectum
+++ - + +++ - - + - - ++ + +
L. garganicunsubsplasioclades
+++ - ++ +++ - - ++++ - - +++ + +
L. garganicunsubsplaevigatum i i ot i i N i i . o i ot
L. gargar.n?urr_subspJaewgatum " i i et i i i i i et + +
(L. veronicifolium)




Table 11 (cont’d)NG: Nonglandular, G:

[40)

Glandulaf;++, dominant; ++, present; + rarely presengbsent

Leaf
Abaxial surface Adaxial surface Stem Calyx
NG G PELTA | NG G PELT | NG G PELT | NG G PELT
(NG1+ | (G1+ | T(G4) | (NGl | (G1+ | AT (NG1 | (G1+ | AT (NG1 | (G1+ | AT
NG2) G2+G + G2+G | (G4) + G2+G | (G4) + G2+G | (G4)
3) NG2) | 3) NG2) | 3) NG2) | 3)
. + - + ++ - + - - - + + +
L. microphyllum
- - - - - + + - - - +++ ++ +
L. cymbalarifolium
. + - ++ + - + + - + +++ +++ ++
L. sandrasicum
++ - ++ ++ - - - - + +++ +++ -
L. armenunsubsparmenum
. . ++ - + ++ - ++ - - - + ++ -
L. armenunsubspsintenisii
. ++ - + ++ - - + - - +++ + +
L. ehrenbergii
L. purpureum
++ - - ++ - - + - - ++ + +
(L. purpureunvar. purpureum)
L. purpureum
. + - - ++ - - + - - +++ + +
(L. purpureumnvar. aznavourii)
. . +++ - ++ +++ - - + - - ++++ +4++ +
L. eriocephalunsubsp eriocephalum
L. eriocephalunsubspglandulosidens N ) * N i * * i i LA I *




Table 11 (cont’d)NG: Nonglandular, G:

€0t

Glandulaf;++, dominant; ++, present; + rarely presengbsent

Leaf
Abaxial surface Adaxial surface Stem Calyx
NG G PELTA | NG G PELT | NG G PELT | NG G PELT
(NG1+ | (G1+ | T (G4) (NG1 | (G1+ | AT (NG1 | (G1+ | AT (NG1 | (G1+ | AT
NG2) G2+G + G2+G | (G4) + G2+G | (G4) + G2+G | (G4)
3) NG2) | 3) NG2) | 3) NG2) | 3)
. . +++ - + +++ - + + - - ++++ +++ +
L. eriocephalunsubspglandulosidens
L. amplexicaule subsp. amplexicaule var.
amplexicaule + - - ++ - - + - - +++ + +
(L. amplexicaule)
L. amplexicaulesubsp. amplexicaule var.
aleppicum ++ - + ++ - + +++ - - ++++ + +
(L. aleppicum)
L. maculatum
+ - - ++ - - ++ - - +++ + +
(L. maculatunvar. maculatum)
L. villosifolium
N Acifnli + - + + - - + + - ++ + +
(L. maculatunvar. villosifolium)
L. maculatum +++ ++ +++ + ++ + ++ + +
(L. gundelsheimeri)
L. maculatum
+++ - + +++ - ++ ++ - + ++ ++ +
(L. truncatum)
L. albumsubspalbum
++ - + ++ - + ++ - + ++ + ++
(L. album)
+++ - ++ +++ - + + - + ++++ + +
L. tomentosumar. tomentosum
L. tomentosurmar. alpestre
++ ++ +++ - - - - - +++ + +
(L. sulfureum)




Table 11 (cont’d)NG: Nonglandular, G: Glandulat;++, dominant; ++, present; + rarely presengbsent

v0T

Leaf
Abaxial surface Adaxial surface Stem Calyx

NG G PELTA | NG G PELT | NG G PELT | NG G PELT

(NG1+ | (G1+ | T(G4) | (NG1 | (G1+ | AT (NG1 | (G1+ | AT (NG1 | (G1+ | AT

NG2) G2+G + G2+G | (G4) + G2+G | (G4) + G2+G | (G4)

3) NG2) | 3) NG2) | 3) NG2) | 3)
L. moschatum +++ ++ + +++ + +++ + +
(L. moschatunvar. moschatum)
L. moschatum o ot . . o .
(L. moschaturwvar. rhodium)
L. micranthum ++ ++ ++ + +++ ++ +
(L. moschatunvar. micranthum)
++ - - + - - + - - +++ + -
L. galactophyllum
L. tschorochense i i i i ) i * ) i i o *
L. albumsubsp crinitum
(L. vreemanii) + - - ++ - - +++ + + ++ + +
L orientale + - + ++ - - +++ - + +++ ++ +
L multifidum + - - + - + +++ - - ++++ + +
GenusGaleobdolon o N ot . ot . . .
(L. galeobdolorsubsp montanum)
L. bilgili ++ - ++ ++ - ++ ++++ + ++ ++++ +++ +
++ - - +++ - - +++ - - +++ + +

L. ponticumsubspanatolicum
L. cappadocicum ++++ - + ++++ - - + - - ++++ ++ +




Tablel12. Voucher specimens tiiegenusLamiumexamined for their trichome

properties
Taxon Locality
Lamium lycium Tur key, Muj | a, Fet hiye, Baba

. cariense Turkey, Karaman, Ermenek, F.Celep 1820, 21.4.2013
. pisidicum Turkey, Isparta, Davraz mountain, F.Celep 1914, 1.6.2013
. tenuiflorum Turkey, KaramanErmenek, F.Celep 1819, 21.4.2013

. garganicunsubspreniforme

Turkey, Trabzon, Macka, F.Celep 1880, 15.5.2013

. garganicunmsubspnepetifolium

Turkey, Adana, Tufanbeyli, F.Celep 1849, 25.4.2013

. garganicunsubsprectum

Turkey, Kahramanmaras, Benitountain, F.Celep 3556, 5.7.2007

. garganicunsubsplasioclades

Turkey, Adiyaman, Golbasi, F.Celep 2271, 26.4.2014

. garganicumsubsp pulchrum

Turkey, Nigde, Aladaglar, F.Celep 3746, 22.06.2014

. garganicurmsubsplaevigatum

Turkey, Bursa, Uludagd;.Celep 3756, 24.4.2014

. veronicifolium

Turkey, Bursa, Uludag, F.Celep 3756, 24.6.2014

. microphyllum

Turkey, Denizli, Honaz mountain, F.Celep 3769, 26.6.2014

. cymbalarifolium

Turkey, Antalya, ElImali, F.Celep 3780, 27.6.2014

. sandrasicum

Turkey, Denizli, Sandras mountain, F.Celep 3773, 26.6.2014

. armenunsubsparmenum Turkey, Erzincan, Sakaltutan, F.Celep 2001 29.07.2013
. armenunsubspsintenisii Turkey, Kastamonu, llgaz mountain, F.Celep 2002 30.07.2013
. ehrenbergii Turkey, Analya, Elmali, F.Celep 1926, 2.6.2013

. purpureunvar. purpureum

Turkey, Anla r a , Kéz el c alhCelepal@bd 12105 DK

. purpureunvar. aznavourii

Tur key, Il stanbul , Beykoz, G°

. eriocephalunsubsp.eriocephalum

Turkey, Adana, Pozanti, F.Celep 3635, 12.7.2014

. eriocephalunsubspglandulosidens

Turkey, Antalya, Sariveliler, F.Celep 3644, 13.7.2014

. amplexicaule

Turkey, Ankara, METU campus, Z.Atalay 1001, 16.4.2014

. aleppicum

Turkey, Kahramanmaras, Ahir motain, F.Celep 1836, 24.4.201

. macrodon

Turkey, Erzurum, F.Celep 1900, 17.5.2013

. maculatunvar. maculatum

Turkey, Trabzon, Sumela, F.Celep 1881, 15.5.2013

. maculatunvar. villosifolium

Turkey, Anlara, Kizilcahamam, Isik mt.F.Celep 185312.5.2013

. gundelsheimeri Tur key, Ri z e, ¢aml Eéhemki n, F
. truncatum Turkey, Keldagi, F.Celep 1834, 23.4.2013
album Turkey, Rize, Camlihemsin, F.Celep 1979, 24.7.2013
. crinitum Turkey, Sivas, Kosedag, F.Celep 1903, 18.5.2013
. tomentosumar. tomentosum Turkey, Van, OT 7993, 2013
. sulfureum Tur key, Bayburt, taykar a, F.

. moschatunvar. moschatum

Turkey, Antalya, Olimpos, F.Celep 1798 17.04.2013

. moschatunvar. rhodium

Turkey, Denizli, F.Celed780, 16.04.2013

. moschatunvar. micranthum

Turkey, Hatay, F.Celep 3829, 21.05.2015

. ponticum Turkey, Giresun, Tamdere, F.Celep 1871, 14.5.2013
. galactophyllum Turkey, Erzurum, Tortum, F.Celep 1896, 17.05.2013
. tschorochense Turkey, Artvin,Yusufeli, F.Celep 1886, 17.5.2013

. vreemanii Turkey, Erzurum, Tortum, F.Celep 1989, 28.7.2013

. orientale Turkey, Sivas, Imrali, F.Celep 1904, 18.5.2013

. multifidum Turkey, Erzurum, Pazarygl.Celep 3611, 2015

. galeobdolorsubspmontanum

Turkey, Rize, Camlihemsin, F.Celep 1882, 16.5.2013

. ponticumsubspanatolicum

Turkey, Kastamonu, Kure, F.Celep 3840, 01.05.2015

_ bilgili

Turkey, Burdur, Altinyayla, F.Celep 3860, 05.06.2015

. capadocicum

Turkey, Hasan mountain, F.Celep 3629,07.2014
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3.5Palynology (Pollen Micromorphology)

The investigated pollen morphologiaziaracters are given in Tables-148
LM photos and SEM micrographs are given in Figu4ést2 and Figuregt3-71,
respectively.The palynologicatharacters are explained in sepamatbtitles below.

Voucher information for the present palynological study is given in Table 16.
3.5.1Size and Shape

The pollen grainsaare monads. In equatorial view, the shape of the pollen
grains ranges frorauboblateo subprolate (P/E = 0.91.18) The polar axis ranges
from 21.65 O min L. tomentosumvar. tomentosumto 39.96 O min L. orvala,
subgenusOrvala and the equatorial diameteanges from 22.54 min L. album
subsp.crinitumto 4 0 . 1 8n LOemocephalumsubsp.eriocephalum (Table 13.
Most taxa studiedre prolate spheroidal §ble 13. However, shapelasses can vary
within taxa.The amb shape is trianguland circularin the studiedtaxa (Figs. 48
71).

3.5.2Apertures

Pollen grains are radially symmetrical, isopolar and tricolpate in all taxa.
Simple colpi are elongated and narrowing at the pdedpus length varies from
14.420m, L.ilyoum t o 3 2 .L9ntltifi@um, Colpus width ranges from
2. 96 0O macrodonto 12.430 min L. garganicumsubsp striatum They have
granulate, granulatscabrate, scabrate and baculate membraféess. (43-71).
Mesocolpial area varies from 7.53 m, L. moshatumto 1 8. 7 2 in ©.m
cymbalariifolium Apocolpium diameter ranges from10 O m, L.ienocephalum

subspglandulosidenso 7.220 min L. tomentosunvar. tomentosungTable14).
3.5.3Exine Ornamentation

The exine sculpturingpattern investigated with SEMeveals three distinct
types of surface ornamentations as reticulate, granulate and microreticulate
respectively (all SEM micrographs of pollen grains, see Figsi31Based on the

detailed configuration of the exine ornamentation pattern, reticulategemulate
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sculpturingpatternscan be subdivided into subtypes. The rangesxofe and intine
thicknessare 0.641 . 91 Omila.n0d6 00M,9 r e sPeTheprevieus y ( T a
taxonomic treatments (Mill, 1982; Mennema, 1989) and pollen sculpturingrmpatt

variations are given in Tablb.
Reticulate Exine Sculpturing?attern

The reticulate sculpturing pattern is observe@@taxa(see Table 18and
can be divided into subtypes based on various features, i.e. in the shape and
perforations of théumina and the characteristics of the muri. Type 1a and Type 1b
are charactarized with angular primary lumina and-motulate muri, which only
differentiate by the number of perforations they possess. The number of perforations
is observed and indicateda t he number of 2phendnberadt i ons
perforations is <5 imeticulateType 1la in 17 taxa (Figd3d, e, f;44d, e, f;45d, e,
f;46a, b, ¢46d, e, f; 474, b, c47d, e, f;484a, b, c48d, e, f;494a, b, /494, e, f;
50a, b, ¢50d, e, f;514d, e, f;544a, b, ¢c;54d, e, f;59a, b, ¢ Table 13).The number
of perforations is >5 imeticulate lypelb in 5 taxaFigs.43a, b, c;444a, b, ¢45a,
b, c;514a, b, c;714a, b,Table 13). Reticulate Typkc is charactarized with prolonged
primary lumina without perforations, and long and undulate muri, which is observed
in 5 taxa (Figs52a, b, ¢;52d, e, f;534a, b, ¢;53d, e;53f, Table13).

Granulate Exine Sculpturing Pattern

The granulatesculpturing patterns observed in 1%axa (Tablel3) andis
charactarized by small, more or less spherical supratectal processes. This sculpturing
pattern carbe further divided into subtypes based on the presence or absence of
perforationsGranulate salpturing pattern with perforation3ype 2a) is observed in
15 taxa(Figs.554a, b, ¢;55d, e, f 564, b, ¢;56d, e, f;57a, b, ¢;57d, e, f;584a, b,
c;60a, b, c6la, b, c6ld, e, f;61qg, h,i;62a, b, c;65a, b, c66a, b, c67a, b, ¢
Table 13). Psilatdike, smooth granulate surfaces without perforations (Types2b)
observed in 4axa(Figs.63a, b, ¢;63d, e, f;64a, b, ¢ 71c, d,Table13).

Microreticulate Exine Sculpturing Pattern
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The microreticulate sculpturing pattern, which is charactarized with more or
lessroundeand di amet er s mlanina,esrobserved il tada;L.Om o f
galeobdolonsubsp.montanum, L. galeobdolasubsp flavidum,L. flexuosunmandL.
orvala(Type 3,Figs.68a, b, c;68d, e, f;69a, b, c;704a, b, c,Table 13.

3.5.4Systematic Impliactions of Pollen Morphology in the genukamium

The observed exine sculpturing patterndéamiumare defined as reticulate,
granulate and microreticulate. Reticulate and microreticulate exins are present in the
majority of the species belonging to subfamily Lamioideae and in other Lamiaceae
genera (Wagstaff, 1992; AbAsab and Cantino, 1992, 1994;1&w et al., 2008a, b;
Moon et al ., 2008 a, b, C; ¥zl er et al
pattern is observed in a few genera includiagnium Suprareticulate (referred to as
bireticulate by some authors; Demissew and Harley, 1992; Harkdy 4992) exins
are apomorphic in Lamiaceae as a whole but it is rather a plesiomorphic condition in
subfamily Lamioidae (Cantino, 1992a). Derived states as psilate, granulate, rugulate
and suprareticulateugulate forms of sculpturing pattern and biseat columellae
occur in some members of Lamioids. Similar pollen features suggest relationships
within and between certain genera in Lamioidae (Alsab and Cantino, 1994). The
palynological data of species examined are comparable to previously conducted
study. Palynological work including various species Lafmium Abu-Asab and

Cantino (1994) placedamiumwithin subfamily Lamioideae, with tricolpate pollen.

The present study indicates that all examined taxa possess tricolpate pollen
grains, which is alpsiomorphic state in subfamily Lamioidae. On the other hand,
derived states as tetracolpate anpa@tocolpate pollen grains also occur in some
members of the subfamily. Among the investigated taxa, palynological properties of
L. album, L. flexuosum, L.ateobdolon, L. garganicum, L. moschatum, L.
purpureumandL. orientale(as Wiedemannia oriental)sare provided by Abiisab
and Cantino (1994). Most of the taxa they investigated correlate with our current

results, except for the P/E ratios. The slightiateons in measurements are likely
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due to differences in preparation. Recent palynological study (Firdous et al., 2015)
on some species dafamiumrevealed fossualtel( album) and microreticulatel(

amplexicaulg ornamentation.

Infrageneric delimitation, systematic and phylogenetic implications of exine

sculpturing pattern

Abu-Asab and Cantino (1994) supported N
Galeobdolon in the genisimiumsinceLamiumgaleobdolorandL. flexuosumhave
similar sculpturing pattern (microreticulatepccording to their nuclear data
(Bendiksby et al.,, 2011b), morphologically very distinict galeobdolon (=
Galeobdolon, forms a sister group to the remainibhgmium species. However,
Lamiumtaxa did notftorm a monophyletic clade and no such distinction was found
bet ween the genera in Krawczykos nucl eal
cpDNA tree of Bendikshy et al. (2011b) is not congurent with the nuclear trees, thus
L. galeobdolon is not evaluated a seperate genus. The similar results found by
Krawczyk et al. (2013, 2014) in their cpDNA tree. Thus, the integration of
Galeobdolonand Lamiumseems to be legitimate by Bendiksby et al. (2011b) and
Krawczyk et al. (2013, 2014). Our pollen morphologisesults may support the
inclusion of L. galeobdolon subsp. montanum hAndaleobdolorsubsp flavidumin
the genusLamium However, the taxonomic placement is not settlea@mium
orientaleandL. multifidumwith reticulate sculpturing pattern supporgithinclusion
in the genud_amiumhowever the phylogenetic placement of the species remains
uncertain (Bendiksby et al., 2011b).

The variation in the shape of primary lumina and muri and number of
perforations within the general class of reticulate souilpg, further lead to the
division of this type of exine sculpturing pattern to subtypes. Exine having angular
primary lumina and non undulate muri, with or without perforations, exist in the
majority of investigated.amiumspecies, especially in the secamium(Table 2),
specifically inLamium garganicuntomplex which includes many endemic species
and subspecies distributed in Turkey that were previously regarded as synonyms or

infraspecific taxa by Mennema (198%or example,Lamium lycium, L. cariense, L.
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garganicumsubsp striatum,L. garganicumsubsp.reniforme, L. garganicursubsp.
rectum, L. garganicunsubsp.lasioclades,were regarded as a synonym bf
garganicumsubsp.striatum var. striatum by Mennema (1989). hmorphological
characters of the taxa are mostly overlapping and are delimiting the taxa to some
degree. Moreoverpollen morphological characters are not strongly delimiting taxa

from each other in this particular complex.

L. microphyllum, L. cymbaldolium and L. sandrasicumwith reticulate
sculpturing pattern, are all endemic to Turkey and they were regarded as a synonym
of L. garganicumsubsp.striatumvar. microphyllumby Mennema (1989). Based on
our field and morphological observations, these talkauld be treated as valid
species however, pollen morphology does not provide support for delimiting the taxa

in this particular complex.

Turkish endemic taxa (Mill, 1982). armenumsubsp.armenumand L.
armenumsubsp sintenisiithat have granulate sipturing pattern were regarded as a
synonym ofL. garganicumsubsp.striatum (Sibth. & Smith) Hayek vararmerum
(Boiss.) Mennema, and were included in sdcamium by Mennema (1989).
However, Krawczyk et al. (2013, 2014) found a strongly supported relation between
L. moshatum(sect. Lamiotypu$ and L. armenumsubsp.armenum(seen asL.
garganicumvar. armenumin their tree) (sectLamium according to Mennema,
1989) in their moleculaphylogenetic trees. In addition, based on our palynological
results,L. armenunshould be excluded fron. garganicumcomplex and should be

treated as a valid species as Krawczyk et al. (2013b) stated.

Crossings betweeh. amplexicauleand L. purpureumresulted in hybrid
plants that were morphologically highly similarltoconfertum(Bernstrom, 1955). It
is also confirmed by Bendiksby et al. (2011b) thatonfertumis an allotetraploid
hybrid betweenL. amplexicauleand L. purpureum The species haveeticulate
sculpturing pattern that falls within setiamiumand its sculpturing is much more

similar to that olL. purpureunrather tharl.. amplexicaule
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Reticulate sculpturing pattern is observed in the majority of @rhium
members, with the excaph of L. eriocephalunmsubsp.eriocephalumbelonging to
sect. Amplexicaulg shows a rather distinct ornamentation from the other members of
sect. Amplexicaule(Table 3). Gross morphological features of the species and
palynological data may support its segregation from geciplexicaulehowever,
together withL. aleppicum L. macrodon they represented a strongly supported
group in nuclear phylogenies (Bendyset al., 2011b).amiumbifidum assigned to
sect.Lamiumby Mennema (1989), has similar sculpturing pattern with the members
of sect. Amplexicauleather than the members of the seketmium moreover a close
relationship betweerlL. amplexicaulevar. amplexicaule and L. bifidum were
identified in the latest phylogenetic studies (Bendiksby et al., 2011b; Krawczyk et
al., 2014). Thus, pollen morphology lof bifidumprovides support for its transfer to
sect.Amplexicaule

Species with granulate sculptugi pattern fall only within sect.amiotypus
(Table 4).Lamium gundelsheimeri and L. truncatumave granulate sculpturing
pattern, were regarded as synonyms lof maculatum (Mennema, 1989).
Morphological characters are not strongly delimiting the taxa.eb\r, pollen
morphology does not provide evidence for their separation from each otieer.
album- tomentosunandL. moshatungroup that have granulate sculpturing pattern,
fall within sect. Lamiotypus which was also reported by AfAsab and Cantino
(1994). Moreover, thalbum- tomentosungroup were placed in the same clade with
a high resolution in all phylogenetic studies (Bendiksby et al., 2011b; Krawczyk,
2014). But pollen morphology does not strongly separate the infraspecific taxa both
in thealbum - tomentosunandL. moshatungroup (Table 4). One distinction df,
albumsubsp.barbatumhas reticulate sculpturing pattern, which is not observed in

any members of sectidramiotypugTable 4).

Monophyly of the subg.amium(including sectLamium sect. Amplexicaule
and sect.Lamiotypu$ is cladistically supported by morphology (Ryding, 2003).
However, monophyly of the subgamiumis neither contradicted nor supported by
Bendi ksby et al. (2011b) . Accor(89% g t

111

0]



three sections within the subgamiumare paraor polyphyletic in the molecular
trees and his infrageneric classification better to be abandoned. In our results, three
different sculpturing pattern observed in the subgerammium partly supported

Mennema'’s infrageneric classification.

Lamium orvala (subgenusOrvala) possess microreticulate sculpturing
pattern which is similar to the members of the subg&ualsobdolon Moreover, the
close relation ot.. orvalab el ongi ng t o Menniesuhgisvalgd 1 989) mon
with subg. Galeobdolon members, is supported by molecular tree topologies
(Bendikshy et al., 2011b; Krawczyk et al., 2013).

A recent work orL. orientale and L. multifidumindicated that, two species
have reticulate exine sculpturing pmatt(Atasagun et al., 2015). Their finding is
supported by the present study and the inclusiorLarhium orientale and L.
multifidumin the genud.amiumis supported however; the phylogenetic placement

of the species remains uncertain (Bendiksby et al., 2011b).

Morphologically distinct Lamium galeobdolon subsp montanum has
microreticulate exine ornamentation, which shows rather a distinct sculpturing
pattern compared to the remainibgmiumspecies. The palynological results neither
support nor decline the inclusion lofgaleobdolonin the genud.amium Regarding
the gross morphology of the spcecies, it would seem legitimate to include the species
in the genusGaleobdolonin the final taxonomic treatment, however; the integration
of Galeobdolonand Lamium seems legitimate by Bendiksby et al. (2011b) and
Krawczyk et al. (2013, 2014).

*In Tables 13 and 14 taxa in parenthesis are the synonymaf the taxawritten

in red.
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Table13. Pollen morphological data die Lamiumspecies.

€Tl

Sculpturin
Taxon P (Om) E (Om) Shape g SEM
type Fig.
SO | OS S PS | SP
L. lycium 28.23 N 0300%) [27.23 N 122| - =+ | 4+ |+ |+ Ret 1b 84 a,b,c
L. cariense 30.15 N 13209 [27.46 N 12048 - - - ]+ Ret 1a 84d,e,f
L. garganicunsubsp striatum 28.64 RN 1313 |28.32 N 13138 | - | ++ |+++ | +++| - | Retlb | 85ab,c
(L. pisidicum)
L. garganicurrsubsp striatum 32.25 RN 033BD |32.03 N 03364 - | ++ | + |+++| - Retla | 85d,e, f
(L. tenuiflorum)
L. garganicurrsubsp striatum 27.97 N 02026 | 29.80N 1. 227 3(&y| + |+++| + | - - Retla | 86d,e, f
(L. garganicunsubspreniforme)
L. garganicurrsubsp sriatum 27.20 N 02889 |29.07 RN 131BR| + |+++| + | + | - Retla | 87a,b,c
(L. garganicunrsubsp nepetifolium)
L .garganicunsubsp.rectum 31.84 (N67234®® |[31. 18 N 13345 - ++ + | 4+ | - Ret 1a 87d,e,f
L .garganicunsubsp. lasioclades 29.20 N 030%3 (30.52 N 0327@)| - | +++ | + + - Retla | 88a,b,c
L. garganicunsubsplaevigatum 26,89 N 02832 (28.28 N 029243 - +H+ |+ - - Ret 1la 89a,b,c
L. garganicumsubsplaevigatum 28.73 N 03094 [28.81 RN 03026 | - |+++| + | ++ [ - | Retlb |86ab,c
(L. veronicifolium)
L. microphyllum 28.32 N 0279 [(29.66 N 03190 - +H+ |+ + - Ret 1la 89d,e,f
L. cymbalariifolium 33.36 N 13503 [32.60 N 13486 - + ++ | 4+ | - Retla | 90a,b,c
L. sandrasicum 28.91 N 03078 [31.48 N 13443 | ++ | +++ | + - - Ret 1a 90d,e,f
L. armenunsubsparmenum 31.51 N 032%8 [32.07 N 03320 ++ | +++ | + + - Gr 2a 96a, b, c
L. armenunsubspsintenisii 32.72 N 13400 [32.63 N 1344 - | A | 4+ - Gr2a 96d, e, f
L. purpureum 28.23 N1i3.22) (|30.23 N 132®@B| ++ | +++ | + + - Retla | 91a,b,c
(L. purpureunvar. purpureum)
L. purpureum iy 27.96 N 02958 [30.85 N 03285)| - | + | - |+++]| - Retla | 91d,e,f
(L. purpureunvar. aznavourii) _ _
L. eriocephalunsubsperiocephalum| 35. 21 N 138®B |33.22 N 24028 | - + - +++ - Ret 1b 92a, b, c
L -eriocephalunsubsp. 32.07 N 13558 [32.53 N L135®A)| - |+++| + | ++ | - Retla | 92d,e,f
glandulosidens







