Botanica Pacifica. A journal of plant science and conservation. 2024.

DOI: 10.17581/bp.2024.13202

WVIEW
PARER

A review of Labrador tea diversity in
Northeast Asia

Diana R. Tunusova & Maria A. Polezhaeva*

Diana R. Tunusova
e-mail: dianaiunusova@mail.ru

Matria A. Polezhaeva*
e-mail: polezhacvam@mail.ru

Institute of Plant and Animal Ecology,
Ural Division RAS, Ekaterinburg, Russia

* corresponding author

Manuscript received: 18.03.2024
Review completed: 05.06.2024
Accepted for publication: 13.06.2024
Published online: 15.06.2024

ABSTRACT

Labrador teas are a small but systematically complex group of species of the Erica-
ceae family. The group is represented by cold-resistant evergreen shrubs, common
in the boreal and subarctic zones of the northern hemisphere, both in Eurasia
and North America. Described historically as part of the distinct genus Ledum L.,
Labrador teas were later included in the genus Rhododendron as a subsection Ledum
in subgenus Rbododendron. The high variability of morphological characters, their
depengence on geographical and environmental factors, makes it difficult to clearly
distinguish from 4 to 9 described taxa. Labrador teas play a key ecological role as
dominants in damp communities of temperate and cold climates and are often
pioneers in successional communities of disturbed habitats. This species complex
1s also interesting as a model group for studying the processes of hybridization
and diversification, since different species tend to coexist in sympatry, especially
in northeast Asia. This review summarizes the results of studying the species di-
versity of Labrador teas, mainly in Northeast Asia, changes in their taxonomy and
hypotheses of origin.

Keywords: closely related species, hybridization, Ledun, Rhododendron tomentosum, sym-
patty, taxonomy

PE3IOME

FOnycosa A.P., IToaesxaesa MLA. 06308 pasHoobpasusa 6aryapHuKOB B CeBe-
po-Bocrounoii Asym. Baryabankn — HeOOABITIAA, HO CHCTEMATHYECKH CAOKHAS
Tpymma BIAOB cemetictsa Hricaceae. I'pyrima mpeacTaBAeHa XOAOAOCTONKIMI BE-
HO3EAEHBIMH KyCTAPHUKAMIH, PACIPOCTPAHEHHBIME B OOPEAABHOH H CyOapKTIYe-
CKOIT 30HAX CEBEPHOIO IOAYIIApHA, Kak B EBpasnu, Tak u B CeBe}iHon Amepuxe.
OmnmcanHble HCTOPUYIECKH KAK 9ACTh OTACABHOTO POAA Ledum L., Garyapnuku
To3AHee OBIAM BKAFOUEHBI B POA Rbododendron B kagectse moacexmmn Ledsm B IOA-
poae Rhbododendron. Bercokas m3meHInBOCTS MOPPOAOTMYECKIX ITPH3HAKOB, FX 32~
BUCHMOCTD OT TeOIPaPUIECKUX M 9KOAOIMIECCKUX (DAKTOPOB 3aTPYAHACT YETKOE
pasrpanmdeHne o1 4 A0 9 OIMCAHHBIX TAKCOHOB. DaryABHIKH HIPafOT KAFOYEBYIO
5KOAOIMYECKYFO POADb KaK AOMHHAHTBI BO BAQKHBIX COOOIIIECTBAX YMEPEHHOIO U
XOAOAHOTO KAUMATA M YACTO ABAAOTCH IHOHEPAMHI B CYKIIECCHOHHBIX COODIIIE-
CTBAX HAPYIIEHHBIX MECTOOOUTAHIHA. DTOT BUAOBOI KOMITACKC TAK/KE HHTEPECCH
KAK MOACABHAS IPYIIIA AASl M3YYCHUS IIPOLIECCOB IMOPHAMBALIMM U AUBEPCH-
uKaIH, ITOCKOABKY Pa3AHMYHBIC BHABI OOBIYHO COCYIIECTBYIOT B CHMIIATPHH,
OCOOEHHO B CeBEPO-BOCTOUHON Asui. B AaHHOM 0030pe 0000ILEHb! Pe3yABTATHL
M3yUCHNA BHAOBOTO PasHOOOpaswsA OAryAbHHKOB, I'AABHBIM 0Opasom, B Cesepo-
Bocrounoit Asnn, msmMenenns B nX TAKCOHOMUH F THITOTE3BI IIPOMCXOKACHIA.

KaroueBple cAOBa: OANZKOPOACTBEHHBIC BUABL, ruOpuAusanus, Ledun, Rbododendron to-
mentosnmt, CAMIATPUS, TAKCOHOMUSE

Recently, a special place in the focus of botanists has been
occupied by cold-resistant species, common in the boreal,
subarctic and arctic zones, as the most sensitive to global
climate change (Rantanen et al. 2022). The distribution and
diversity of these species largely depends on the dynamics
of their ranges, caused by climate fluctuations of the late
Pleistocene (Hewitt 2004). The vast treeless or sparse forest
spaces that emerged during the last phases of cooling were
populated by communities adapted to new environmental
conditions (Musil 1985). Species of the Ericaceae family
often dominate in such communities. Shrub and subshrub
growth forms, high reproductive characteristics, including
the ability for clonal reproduction, and ecological plasticity
provided them with an advantage in the spaces of the
Northern Hemisphere (Khokhryakov & Mazurenko
1986). In recent years, the taxonomy of genera including
complexes of closely related species has been interpreted
through biogeographic analysis of the formation of

the ranges of individual species and the history of their
postglacial migrations. This approach allows us to shed light
on the processes of microevolution in populations, identify
events of hybridization ot, conversely, the formation of
differentiation under conditions of long-term isolation, as
well as the paths of adaptive evolution of new taxa (Cubino
et al. 2021, Tkeda 2022).

Historically, Labrador teas were described as a distinct
genus Ledum of the family Ericaceae by Carl Linnaeus in
his 1753 work "Species Plantarum" (Linnaeus 1753). They
are evergreen shrubs and subshrubs, represented by both
spreading and erect forms up to 1.2 m in height. Commonly
Labrador teas grow on nutrient-poor acidic soils in
humid areas of the boreal zone, as well as in subarctic
communities. Labrador teas occupy a wide range in the
northern hemisphere from Chukotka around 72°N to the
mountainous habitats of Europe, reaching their southern
limit approximately in the Czech Republic in Europe and
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North East China and Japan in Asia (Hultén & Fries 1986,
Radomefsky et al. 2023). In North America, they advance
southward to nearly 35°N, growing especially massively in
northern Alaska, and in Canada (Hultén & Fries 1986, Judd
& Kron 2009). In the boreal zone of North America, Lab-
rador teas are often associated with forest phytocenoses do-
minated by black spruce forest stands (Calmes & Zasada
1982); in north-eastern Eurasia, usually grows in association
with larch (Wang et al. 2001); in the Furopean part — with
light pine forests (Mucina et al. 2016), or on sandstone areas
and peatlands with birch (Mofikoya et al. 2018, Radoméisky
et al. 2023). Due to their ability to spread vegetatively by
broodstock and efficient nitrogen assimilation through
mycorrhiza (Malloch & Malloch 1981), Labrador teas often
aggressively take over territory in open disturbed commu-
nities and in post-fire succession, slowing the regeneration
of complete forest communities (Thiffault & Jobidon 2000,
Hébert & Thiffault 2011).

Labrador tea shoots contain an essential oil with a high
content of ledol and a number of other secondary meta-
bolites, and are used in medicine as an antimicrobial and
anti-inflammatory agent (Tanasienko 1982). From ancient,
Ledum, which has a folk name “Bog Labrador tea”, has
been used in traditional medicine, by aboriginal people both
in Eurasia and in North America (Blondeau & Roy 2004,
Dampc & Luczkiewicz 2013, Rapinski et al. 2015). In Russia,
some species of Labrador teas are included in the official list
of pharmacy plants that are commercially harvested from
the wild and widely used in folk medicine (Belousova et al.
1990, 1999). There is a lot of works investigating the con-
tent, composition and biological activity of metabolites of
Ledum in different areas of its growing range (Belousova et
al. 1990, Dampc & Luczkiewicz 2013, Rapinski et al. 2015).

In spite of the resource importance of Labrador teas,
there is still no clear view on the taxonomic content of this
group. Due to the high polymorphism of vegetative organs
and the ability to hybridize, it is difficult to establish species
boundaries, especially in the southern part of Northeast
Asia, which makes Labrador teas an interesting model object
for studying speciation. Labrador teas includes 4 to 5 or more
species distributed in Eurasia and 2 to 4 species distributed in
North America (Hultén 1930, 1948, Ohwi 1965, Savile 1969,
Viereck & Little 1972, Khokhryakov 1991, Harmaja 1990,
1991, 1999, 2002, Judd & Kron 2009, Usenko 2010).

BOTANICAL FEATURES

All Labrador teas species are evergreen shrubs from
spreading to erect from 0.2—1.2 m tall. Shoots of all Labra-
dor teas species are often densely pubescent at first, balding
with time. Leaves are perennial, linear, entire, with deve-
loped cuticle at upper side, with rolled at edges in varying
degrees; lower side with pubescence and glandular. The
leaves vary in length from 0.8 to 7 cm. The pubescence of
both shoots and leaves varies from species to species and
may be white, reddish-brown or mixed. Numerous flowers
in umbrella-shaped inflorescences are collected on shoot
tips. Corolla white or slightly pinkish 10-15 mm, deeply in-
cised of five elements, calyx five-toothed. Each flower has
5-10 stamens longer than the pistil. The pistil contains a

compound seedpod and a single column retained by the
fruit. The species blooms in May—August. The fruit is a dry
clongated elliptic capsule opening into five segments from
below. The fruit persists through the winter (Hultén 1930,
1948, Khokhryakov 1991, Harmaja 1990, 1991, 1999, 2002,
Judd & Kron 2009).

A specific feature of Labrador teas species is that stable
systematic characters related, for example, to the structure
of generative organs, do not play a major role in the sys-
tematics of these species. At the same time parameters
of vegetative organs (leaf size, branch size, direction of
growth, degree of wrapping of leaf margin, degree and co-
lor of pubescence), on the basis of which different species
of Labrador teas are distinguished, vary greatly and may
be related to the habitats. Ledum subsection species differ
from representatives of other subsections of the genus
Rhododendron by both generative and vegetative characters.

SYSTEMATICS

One of the most widespread representatives of the
Labrador teas was described as a highly polymorphic Hol-
arctic species Ledum palustre 1.. (Linnaeus 1753). For a long
time it was considered that only this species grows on
the territory of the whole Eurasia. Therefore, the species
characteristics of L. palustre were identified with those of
the whole genus Ledum. Species L. groenlandicum Oeder.,
L. glandulosum Nutt. and L. columbianum Piper. were described
later in North America (Miller 1771-1777, Nuttall 1843,
Piper 1906). However, the high variability of morpho-
logical traits over time has led to the designation within
L. palustre of a large number of separate taxonomic units
of different ranks from races to subspecies and species.
N.A. Busch in "Flora of Siberia and the Far East" (Busch
1915) distinguished some different forms in the status of
varieties: large and broad-leaved Ledum palustre var. dilatatum
Wahlb., narrow-leaved Ledum palustre var. angustum E. Busch
and prostrate Ledum palustre var. decumbens Ait. later,
VL. Komarov in his “Identifier of plants of the Far East
Territory” (Komarov 1932) first divided L. palustre sl. into
four species: L. palustre s. str. L., L. decumbens (Ait.) Lodd.,
L. hypolencum Kom. and L. dilatatum (Wahlb.) Kom. One of
the largest revisions of the composition of the genus on
the territory of Eurasia was carried out by A.I. Tolmachev
in his work “Towards the cognition of Furasian species
of the genus Ledum 1. (Tolmachev 1953). He proposed
his interpretation of the taxonomy of wild Labrador teas
on the territory of Russia, also proposing four species:
L. palustre s. str. with two vatieties — var. dilatatum and var.
angustum, L. decumbens, L. hypoleucum, and also included a new
species — L. macrophyllum Tolm. Tolmachev categorized the
entire diversity of Ledum species from North America and
Eurasia into 4 morphological series. The Glandulosa series
represented by the North American species L. glandulosum
Nutt., which includes large shrubs with long-petioled leaves
that are whitish on the underside (young ones are green on
both sides). The Hypolenca series comprises medium-sized
shrubs, white pubescent underneath and is represented
by the North American species L. columbianum Piper. and
the Far Fastern species L. hypoleucum Kom. The Latifolia
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series includes medium-sized shrubs, reddish pubescent
underneath, represented by the North American L. lazifolium
Jacq. (= L. groentandicum), Far Eastern L. macrophyllum Tolm.
and Japanese species L. unipponicum Nakai. The Palustria se-
ries includes small shrubs with slender branches and li-
near reddish-pubescent leaves and includes the wide-range
Eurasian species L. palustre L. and L. decumbens (Ait.) Lodd.
Subsequently, his approach was revised by a number of
botanists, so V.N. Voroshilov distinguished three species in
the “Identifier of plants of the Far East of the USSR” (1982):
L. palustre 1. with subspecies L. palustre subsp. angustissinum
Worosch., L. decumbens (Ait.) Lodd. and L. hypolencum Kom.
(citing L. macrophyllum Tolm. as a synonym) with the variation
L. hypolencum var. palustriforme (Tolm.) Worosch.

The ambiguity of interpretation of the taxon volume is
related to the great variability of morphological characters
of different Labrador teas species. High variability of leaf
anatomical and morphological characters, as well as che-
mical composition, was observed for the European wide
spread L. palustre (synonym of Rbododendron tomentosum),
which is due to the influence of geographical and ecological
factors (Belousova et al. 1990, Krylova & Proksheva 1995,
Jesionek et al. 2019). At the same time, polymorphism
of vegetative organs and diversity of transitional forms
between numerous species of ILedum, widespread in the
Russian Far East and North America, are more often ex-
plained by the processes of interspecific hybridization
(Hitchcock 1956, Mazurenko & Khokhryakov 1986). For
example, the differences between the North American
L. glandulosum Nut. and L. columbianum Piper. were limited
only to different leaf morphology, so it was decided to
combine them (Hitchcock & Cronquist 1978). The status
of some species in the Russian Far East is still ambiguously
interpreted by botanists, either towards enlargement or
fragmentation of taxa. A significant contribution to the
study of the biology of Labrador teas in the Russian Far
East was made by M.T. Mazurenko and A.P. Khokhryakov
(Mazurenko & Khokhryakov 1986, Khokhryakov & Ma-
zurenko 1987). They applied an ecological approach to
describe the diversity of morphological forms of Labrador
teas. Studying the features of biomorphs (plant life
morphs), they showed that each species has a number of
biomorphs, depending on the stage of ontogenesis and
growing conditions, which have ovetlaps in morphological
variability in different species. Thus, they confirmed the
invalidity of distinguishing taxonomic units on the basis of
only morphology. The authors also emphasized the parallel
coexistence of broad-leaved forms of ILedum in Eurasia
— L. bypolencum, 1.. macrophyllum, L. nipponicum and, in a
similar setting, on the opposite side of the Pacific Ocean
in California, Oregon, British Columbia — L. columbianum,
L. glandulosum, 1. californicum Kellogg 1863 (= L. glandulosum),
highlighting the key speciation function of Beringia in the
history of formation of the Ledum species complex. The
northern border of the Asian and North American group
of tall broad-leaved wild Labrador teas is located at app-
roximately the same latitude (50°N), and smaller narrow-
leaved forms L. groenlandicum and L. decumbens are distributed
further north (Mazurenko & Khokhryakov 1986).
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All the above-mentioned contradictions with the syste-
matics of Labrador teas began back when they were consi-
dered representatives of the independent genus Ledum. The
situation changed after the work of Kron & Judd (1990), who
revised phylogenetic relationships within the tribe Rbodorea
with the use of cladistic methods to analyze a number of
phylogenetically significant morphological characters. As
a result, the authors proved the inclusion of ILedum in the
genus Rhododendron as part of the subgenus Rbododendron,
section Rhododendron, in the status of subsection (Kron
& Judd 1990). The features on the basis of which the
association of Ledum and Rhbododendron is monophyletic in-
clude leathery leaves, scales (glandular multicellular peltate
trichomes). To the section Rbododendron Labrador teas are
included because they have non-lacerate scales and simple
trichomes in the border of the peltate scales. To (or in the
status of sister group) subsection Edgeworthia (Hutchinson)
Sleumer — on the basis of presence of long multicellular
trichomes on stem and abaxial side of leaf, and unicellular
(papillose) pubescence of leaf epidermis (these two synapo-
morphic characters leaving azaleas as outgroup), the same as
absence of radiate fringed cells within peltate scales, revo-
lutionary arrangement of leaves in the bud and also the he-
terogeneous medulla and bilateral vascular bundle in petiole.
Many of the autopomorphic traits of Ledum species are the
result of adaptation to a forest lifestyle. Since both, Rbodo-
dendron and Ledum, were described by Linnaeus in his Spe-
cies Plantarum (1753), the authors proposed two new com-
binations for Labrador teas: Rhododendron palustre (1..) Kron
& Judd and Rboedodendron groentandicun (Oeder) Kron & Judd.

Later, the inclusion of Ledum in the genus Rhododendron
was confirmed at the molecular genetic level on the basis
of nuclear DNA marker — ITS1-1TS2, where Iedum and the
lepidote group of rhododendrons formed a monophyletic
group (Gao et al. 2002, Kutsev & Karakulov 2010). The
analysis of variability in the nuclear RPB2-I gene (Goetsch
et al. 2005), showed that Ledum species (R. tomentosum and
R. hypolencum) belong to the subgenus Rhododendron of the
section Rbododendron. However, a study of chloroplast
DNA (cpDNA) markers (Kurashige et al. 2001) combined
R. tomentosum and R. albrechtii together into a low-supported
sister group to the subgenera Rhododendron and Hymenanthes.
Despite the noncongruence of phylogenies constructed
using nuclear and chloroplast markers, the Ledun branch is
always placed strictly within the genus Rbododendron.

Although the fact of including Ledun in the genus Rho-
dodendron is accepted by the botanical community, most
Russian botanists use outdated nomenclature. This is not
surprising, as the transfer of Ledum to the genus Rhododendron
has only increased confusion with species names.

Following the publication of the study by K. Kron and
W. Judd, new combinations were proposed by Harmaya
(1990, 1991, 1999, 2002). Below we present Harmaja's
nomenclature together with outdated synonyms, which
are widely used by botanists in Russia. We do not give de-
scriptions of the taxa themselves, which can be found in
Harmaja's publications, but we give the ecology and dist-
ribution of the selected species, according to Russian-lan-
guage botanical literature for Far Eastern species (from
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Mazurenko & Khokhryakov 1986, Khokhryakov &
Mazurenko 1987, Khokhryakov 1991, Usenko 2010) and
for North American species according to Savile (1969) and
according to information in the worldwide database Global
Biodiversity Information Facility (GBIF 2023) (Table 1).
Distribution patterns and photos of some Labrador tea
species are given in Figures 1 and 2. However, it should
be kept in mind that the species in consideration have a
characteristic habitus in the most favorable environmental
conditions. When conditions change, plants begin to take
transitional forms and become difficult to identify.

1. Rhododendron tomentosum Harmaja, 1990 (R. palustre
(L.) Kron & Judd, 1990; Ledum palustre 1.. var. dilatatum
Wabhlenb., 1812; L. palustre 1., 1753)

Hypoatcto-boreal Holarctic species, preferring peaty soils.
Shrub with erect branches 0.3—1 m high. Young shoots with
rather dense reddish pubescence. Leaves are linear, 25-45
mm long, 2.5-3.5 mm wide on a short petiole, wrapped along
the edge, but with a well visible underside. The fruit capsules
are about 5 mm, on straight or almost straight pedicels.

Narrow-leaved and broad-leaved forms are distinguished
throughout the species' range. Narrow-leaved var. longifolium
Freyn, 1902 was described in Amur Region, var. angustum
E. Busch in Siberia, 1915, ssp. angustissimum Worosch. — in
the Far East. The broad-leaved form var. dilatatum Wahlb. is
described for Northern Europe and Altai. These forms can
hardly be distinguished as independent species, as they often
grow in a mixture with the common form (Khokhryakov &
Mazurenko 1987).

2. Rhododendron subarcticum Harmaja, 1990. (R. tomento-
sum ssp. decumbens (Aiton) Elven & D.E. Murray, 2008; K. -
mentosum Harmaja ssp. subarcticum (Harmaja) Wallace, 1992;
Ledum palustre 1. ssp. decumbens (Ait.) Hultén, 1930; L. decum-
bens (Aiton) Lodd. ex Steud, 1841)

Mainly hypoarctic Asian-American circumpolar species.
Widespread in Arctic tundra, southward occurring in alpine
and subalpine mountain belt. Usually prostrate with stalked
branches, but sometimes an ascending shrub with height
up to 30 cm. Young shoots with very dense dark reddish-
brown pubescence. Leaves are smaller than in other Ledum
species, 8—20 mm, 1.5-3 mm wide, oval-long or linear in
shape with a strongly curved margin. The Fruit capsules are
3-3.5 mm long with abruptly bent stalks at the apex.

3. Rhododendron subulatum (Nakai) Harmaja, 2002. (L. su-
bulatum (Nakai) A.P. Khokhr. & Mazurenko, 1991; L. palustre
L. ssp. angustissimum Norosch., 1978; L. palustre 1.. var. angus-
tum BE.. Busch.; L. palustre 1. var. subulatum Nakai, 1917)

Far Eastern species. It differs from other species by its al-
most needle-shaped leaves. Leaves are 10-50 mm long and
1-3 mm wide with dark hairs on the underside of the leaf.
Flowers may have a pale pinkish tint.

4. Rhododendron tolmachevii Harmaja, 1990 (L. macro-
phyllum Tolm., 1953; L. palustre 1. var. yesoénse Nakai, 1922;
L. maximum (Nakai) A.P. Khokhr. & Mazurenko, 1991;
L. palustre var. maxinum Nakai, 1917).

Okhotsk-Amur-Japanese swamp species. Erect large shrub up
to 1.2 m with thick branches. Leaves oblong-oval flat or weak-
ly involute with reddish pubescence to 8 cm, 1.5 cm wide.
Flowers are 6—8 mm long, on straight or slightly bent pedicels.

The name L. maximum (Nakai) A.P. Khokhr. & Mazurenko
was proposed by A.P. Khokhryakov and M.T. Mazurenko
to be hybridogenic: by the character of pubescence it has all
transitions to the Amur—Japanese species R. hypolencum, and
by the size and shape of leaves — to the Eurasian species
R. tomentosum (Probatova et al. 2007).

5. Rhododendron hypoleucum (Kom.) Harmaja, 1990
(L. hypolencum Kom., 1916)

Amur—]Japanese species, inhabits shady and thin places,
damp mixed and dark coniferous forests. Quite a large
shrub up to 1.2 m with straight thick branches. Leaves are
oblong-oval flat or weakly wrapped whitish-oblong from
below to 8 cm, 1.5 cm wide. Flowers 6-8 mm long, on
straight or slightly bent pedicels.

6. Rhododendron diversipilosum (Nakai) Harmaja, 1999.
(L. palustre 1. ssp. diversipilosum (Nakai) H. Hara, 1956; L. pa-
lustre L. var. diversipilosum Nakai, 1917; L. nipponicun (Nakai)
Tolm.)

Japanese—Sakhalin species. The species is found in bogs,
in the undergrowth of subalpine forests and in the alpine
shrub zone. The species is characterized by a "compressed”
arrangement of leaves at the ends of twigs, their small
size and ovate-lanceolate shape. The pubescence on the
underside of the leaves is dense dark reddish. It differs from
R. tolmachevii and R. hypolencum by the sharper form of leaves
with long mixed white-red pubescence on the underside of
the leaf. The plant is 30—70 cm tall, with elliptical leaves and
inflorescences with many white flowers.

7. Rhododendron groenlandicum (Oecder) Kron & Judd,
1990 (L. palustre L. ssp. groenlandicum (Oeder) Hultén, 1948;
L. latifolinm Jacq., 1789; L. groenlandicum Oeder, 1771)

North American arctic and subarctic shrub. Grows predo-
minantly on sphagnum bogs throughout Canada and also
in the northwestern USA, where it moves southward as far
south as northwestern Oregon. A 30—120 cm tall shrub
with densely pubescent young shoots that become glabrous
over time. Leaves are pubescent with white hairs on the
underside, which redden on ageing leaves. The edges of the
leaves are strongly curved inward.

8. Rhododendron neoglandulosum Harmaja, 1990 (L. glan-
dulosum Nutt., 1843)

Grows in moist coniferous forests in the Cordillera region
on the border with southern British Columbia and south-
western Alberta. An erect shrub 100—200 cm tall. Leaves
are pubescent with white hairs on the underside, leaves
straight or with a slightly wrapped margin.

9. Rhododendron columbianum (Piper) Harmaja, 1990
(L. columbianum Piper, 1906; L. glandulosum Nutt var. colum-
bianum (Piper) Hitchc.)

North American swamp species. Grows in moist habitats
at altitudes from sea level to 3500 m. Grows up to 2 m in
height. Leaves grow close to the stem, with white hairs on
the lower leaf surface. It is considered a hybrid between
R. groenlandicum and R. neoglandulosum species (Savile 1969).

PLOIDY

For Eurasian Labrador tea species, polyploidy is shown
in most cases in contrast to North American ones. At the
same time, for other few species of rhododendrons widely
distributed in the boreal and mountain zones of Eurasia,
mainly in Russia, such as R. aureums Georgi, R. dauricum 1.
s, R. parvifolinm Adams, R. adamsii Rehder. polyploidy is ab-
sent or extremely rare (Aleksandrova 1975). Regarding the
chromosome numbers of Labrador tea species there is ra-
ther scarce and contradictory information in the literature.
Both the diploid 27 = 26 chromosome number, basic to
all thododendron species, and the tetraploid 27 = 52
are found in Labrador tea species. We summarized the
available data on chromosome number measurements of
different species of Labrador teas species (Table 2). Only
diploid chromosome number is known for the American
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Figure 1 Distribution pattern of some Labrador tea species compiled from GBIF (2024), Dudov & Seregin (2024) and iNaturalist (2024)

Table 1. Comparing of distribution for different species from the genus Rhododendron subsection Ledunz.

Species

Range extent

Distribution

Rhbododendron tomentosum

Rhododendron subarcticum

Rhododendron subulatum

Rhododendron tolmachovii

Rhbododendron hypolencum

Rhododendron diversipilosum

Rhododendron groenlandicum

Rhododendron neoglandulosum

bianum

Rbododendron coll

From Chukotka to the Czech Republic

West Greenland, North America (from Baffin Land to Alaska),
Northeast Asia (Hokkaido, Russian Far East, Northern Siberia
cast of the Yenisei River).

Eastern Asia (except in the north) mainly in Russia but also
extending to NE China, North Korea and Japan

Sakhalin Island, in the Amur River area, in the Sikhote-Alin
Mountains, along the coast of the Sea of Okhotsk, in the
basins of the Aldan and Anadyr rivers, in North Korea, on
Hokkaido Island.

North of Sakhalin Island, northern Sikhote-Alin to Sovetskaya
Gavan settlement (KChabarovsk Territory), lower reaches of the
Amur River

Japan, Sakhalin Island, Kuril Islands
Canada, from northwestern USA to Oregon on the East Coast

In the western USA to southern British Columbia, east of
the Cascade Mountains to southeastern British Columbia and
southwestern Alberta in the Rocky Mountains.

the western United States and in western Canada

Eurasian species

Arctic or subarctic circumpolar species

Amur-Japanese species

Okhotsk-Amur-Japanese swamp species

Amur-Japanese species

Japan, Sakhalin Island, Kuril Islands
North American Arctic and subarctic
species

North American swamp species

North American swamp species
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Figure 2 Some species of Labrador teas from Northeast Asia. A — Rbododendron tomentosum, Khabarovsk Territory, surroundings of Kom-
somolsk-na-Amure, from understory; B — R. hypolencum, Khabarovsk Territory, surroundings of Sovetskaya Gavan’, from understory; C —
R. wolmacheviz, Primorye Territory, surroundings of Terney, understory; D — R. diversipilosum, Kuril Islands, Shikotan Isl., forest margin; E —
R. subarcticum, Kamchatka Peninsula, surroundings of Esso, on the top of ridge; F — the taller form of R. subarcticun forms the patches at
the beginning of the ascent to the ridge. It grows together with Siberian dwarf pine and larch. Kamchatka Peninsula, surroundings of Esso

hypoarctic species R. groenlandicum. The boreal Asian species
R. tometosum, R. tolmachovii and R. diversipilosum are tetraploids.
For the hypoarctic circumpolar species R. subarcticun, both
diploid and tetraploid chromosome number are defined,
while no data are available for the other species. These data

are mostly old, and their scarcity is probably due to the very
small size of chromosomes in Rhododendron representatives,
which makes it difficult to use the Folgen staining technique,
especially in polyploids. However, the modern method of
flow cytometry will probably change the situation in the near
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Table 2. The chromosome numbers for different species of Labrador teas.

New name Old name Nen

Location

Reference

L. decumbens (Aiton) Small 26

L.decumbens (Aiton) Small
L.palustre subsp. decumbens
(Aiton) Hultén 52

L. palustre subsp. decunibens
(Aﬁon) Hultén 52

L. palustre subsp. decunibens
(Aktom) Haltén 26

L. palustre 1.. ssp. decumbens
(Afi.) Hultkn 26

L. palustre 1. ssp. decunibens
(A etk 26

R. subarcticum

West Greenland

Southern Chukotka, Rarytkin -~ b 5 190
Ridge

52 Western Chukotka, Rauchua
polar station, Wrangel Island

Canada, Churchill, Manitoba

Zhukova P. G., PetrovskyV.V. 1976.
Love A., Love D.. 1982.

Jorgensen C. A. 1958.

géggfuk Creek, northwestern 1000 A. W, Packer J. G. 1968,

Sondre Stromfjord, West
Greenland

Lantai K., Kihlman B. 1995.

Tardoki-Yani Mountain,
Sikhote-Alin, Russia

L. palustre L. s. str. 52
R. tomentosum
L. palustre 1. 52

Lumen, Uppsala, Sweden
Czech Republic

Lantai K., Kihlman B. 1995.
Mésicek J. 1992.

R. groenlandicum L. groentandicnm Oeder 26

R. tolmachevii L. macrophyllum Tolm. 52

R. diversipilosum 52

North America

Sakhalin Island, Aniva District,
Novo-Alexandrovsk settlement

Japan, Hokkaido

Love A., Love D. 1982,
Gurzenkov N. N. 1973.
Wakui A. 2021.

future, as it is now being used extensively on heath species
(Wakui & Kudo 2021, Redpath et al. 2022). It is known that
the presence of diploid and polyploid races is common for
cold-loving heath species. For example, Iaccininm uliginosum
L. and V7 vitis-idaea, have high-altitude arctic diploid races
and low-elevation boreal polyploid races. At the same time,
polyploid races, as a rule, are distinguished morphologically
by larger sizes, greater ability to hybridization and clonal
reproduction (Jacquemart 1996, Wakui & Kudo 2021). In
natural conditions of northeast Asia (according to personal
observations of the authors in Kamchatka and Sakhalin),
Ledum also shows a gradual decrease of individuals
when climbing from low-elevation to high-elevation and
during the transition from swampy to afforested areas. In
Hokkaido this phenomenon was thoroughly studied on the
example of R. divesipilosum (= L. palustre ssp. diversipilosum),
which is widespread there in subalpine to alpine regions,
in coniferous forests and coastal grasslands, and plants
from alpine locality are smaller than from forest habitat
types (Wakui 2021). Based on flow cytometry results, the
authors found that all populations studied appeared to be
tetraploid. No genetic differences between populations of
differnt habitat types were also detected based on nuclear
microsatellite marker variability (SSR) data.

Thus, it can be concluded that for the Labrador teas
species complex, mixed ploidy is not a characteristic of
altitudinal races, but rather reflects the division into boreal
and high-mountain arctic species that are in succession
relationships on a larger geographic scale. This is most
pronounced in the mountainous regions surrounding the
North Pacific — North America with the Cordilleras exten-
ding meridionally from south to north and Asia with a chain
of mountains along the east coast. In this area, the distri-
bution of Labrador teas species reflects the migration of
floras between the two continents.

The presence of polyploid closely related species or
races is characteristic of evolutionarily young taxa, as poly-
ploids are thought to have a number of advantages in terri-
tory occupation under unstable conditions. If we accept the
secondary nature of polyploid boreal species of Labrador
teas from Asia (R. fomentosum, R. tolmachovii, R. hypolencum,
R. diversipilosum) telative to the diploid hypoarctic North
American R. groenlandicum, we can assume that modern
Labrador teas spread to Eurasia from North America.
Khokhryakov & Mazurenko (1986) suggest that as early
as in the Late Oligocene — Middle Miocene, Labrador teas
spread from North America to Asia through Beringia as part
of coniferous-broadleaved forests. Then, during the glacial
periods of the Pleistocene, when coniferous-broadleaved
forests in Beringia were destroyed, broadleaved Labrador
teas disappeared as well (the modern northern limit of
its distribution is at rather low latitudes — not higher than
50°N). Later, the species returned to North America over
the same bridge, but already in the form of R. subarcticunm,
a circumpolar hypoarctic species adapted to the harsh
conditions of the Arctic. The mixed ploidy of R. subarcticum
in northeastern Asia and North America may indicate the
existence of both diploid (Johnson & Packer 1968, Zhukova
1980, Lantai & Kihlman 1998) and tetraploid (Jorgensen
1958, Zhukova 1976, Love & Love 1982) populations in
these regions, indicating the existence of gene flow through
Beringia until recently. The older origin of R. subarcticum,
which also has diploid populations in Asia, is questioned
by Mazurenko & Khokhryakov (1987), who suggested a
possible secondary diploidization of this species.

ORIGIN

The question about the origin of Labrador tea species re-
mains open and requires the study of ploidy of large-leaved
boreal North American species, as well as comparison of
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the genetic structure of Asian and North American species.
The occurrence of a common ancestor of species and their
diversification on the North American continent (as sug-
gested by Mazurenko & Khokhryakov 1986, 1987) is not
typical for the genus Rhododendron and much less for the
section Rhododendron. The genus Rhododendron is thought to
have originated in the early Paleocene about 50—68 million
years ago (Irving & Hebda 1998, Shrestha et al. 2018, Xia
et al. 2022). The evolutionary outburst and divergence of
the four sections Tsutsusz, Schistanthe, Rhododendron (to which
Ledum belongs) and Ponticum is dated to the Miocene. Regar-
ding the place of origin of the genus, many authors agree
that it was the northern latitudes occupied by boreal forests
in eastern Asia (Milne 2006). From here, there was a mig-
ration to Europe, North America, and also to the south,
where large-scale processes of mountain formation and
strengthening of monsoon climate became powerful fac-
tors of speciation (Khan et al. 2021, Xia et al. 2022). In-
terestingly, in a recent study of the phylogeny of the genus
Rhododendron (Xia et al. 2022), it was shown that in the
subgenus Rbododendron, Labrador tea species (R. hypolencum
and R. tomentosum) separated first (about 27 million years
ago, in the late Oligocene), forming an external sister
clade to species of section Schistanthe, distributed mainly
in the Malay Archipelago, and section Rbododendron, inclu-
ding Asian species as well as R. ferrugineunz and R. birsutum
from Furope. Thus, Labrador tea species are the only
representatives of their subgenus Rhododendron distribu-
ted in North America. In addition, Labrador tea, always
considered one of the youngest groups of the genus
Rhododendron in evolutionary terms, due to their adaptation
to cold conditions and wide range, according to recent data,
may have an older origin. Apparently, the dispersal of Ledum
ancestor to North America occurred before the beginning
of active diversification within the subgenus Rbododendron
(in the second half of Miocene), and their evolution initially
occurred either only in North America or in parallel from
both sides of the North Pacific Ocean. At the same time,
when the most active processes of speciation of other Rho-
dodendrons occurred when moving southward from the bo-
real zone to the regions of the Himalaya—Hengduan Moun-
tains and the Malay Archipelago — the centers of modern
diversity of the entire genus Rbododendron, the evolution
of the Ledum group developed in the northern direction,
towards to the harsh regions of the Arctic and Subarctic.
The first attempt to clarify phylogenetic relationships
directly within the Ledum subsection using molecular gene-
tic markers was made by Hart et al. (2017) using chloroplast
and nuclear DNA variability data on 8 herbarium specimens
representing different species from Asia and North Ame-
rica. In this work, the authors identified incongruence bet-
ween phylogenetic trees based on markers from different
genomes. Phylogeny based on nuclear markers (ITS1 and
GBSS-1/waxy) indicated a monophyletic origin of the sub-
section, combining the sequences of all specimens into a
single clade with high support, distinguishing them from
rhododendrons of other sections, but with low resolution
between different Ledum species. Data on variability of
cpDNA markers (p/32-trul., trnS-trnG, truN-ndhC) showed

that all Ledum species are divided into Asian and North
American clades, in each of which Ledum species are more
related to other rhododendron species than to each other.
Thus, it surprisingly appeared that the North American spe-
cies of Ledum species R. columbianum, R. neoglandulosun, and
R. groenlandicum form a common clade with R. hippophaeoides,
R. orbiculatum, sister to R. albiflornm, the only American re-
presentative of the subgenus Hymenanthes. The authors in-
terpret these results as consequences of the hybrid origin of
modern Labrador teas, which captured chloroplasts from
rhododendrons from other sections. It should be noted that
it is currently known about the possibility of intersectional
crossing of Labrador tea species both in cultural (Theqvist
2013) and in natural conditions (Dalgaard & Fredskild 1992),
which indicates a decrease in reproductive barriers between
representatives of different sections of rhododendrons.
We recently attempted to analyze the genetic structure
of Labrador tea species on Sakhalin Island based on
cpDNA (Iunusova et al. 2023). We analyzed four sympatric
Labrador tea species (R. tomentosum, R. subarcticum, R. tolma-
chevii and R. hypolencum) from 18 populations, 94 individuals
for five markers (#rnH-psbA, peB-peD, 3'truN (UAC)-ndhC,
K2R-K707, atpB-rbel)). The results showed high variability
and high differentiation between populations. However,
genetic variability corresponded not to the species distin-
guished, but to the geographic structure, which fell into
northern Sakhalin and southern Sakhalin groups. The se-
paration between groups roughly corresponds to the phy-
togeographic boundary of the island, south of which the
North Japanese type flora predominates and the presence
of northern boreal species decreases. The unresolved star
pattern in the haplotype network suggests that rapid diver-
sification of Labrador teas with ongoing genetic exchange
has occurred on Sakhalin, so the cutrrent taxonomic treat-
ment does not reflect cleatly defined taxonomic units. This
unexpected result indicates that when analyzing such a poly-
morphic group with a complex history, it is important to
use genetic markers with different types of inheritance and
dense samples of each species across the distribution area.

CONCLUSION

Since species of the section Ledum have in their dis-
tribution an intercontinental disjunction between Eurasia
and North America, as well as a specific pattern of distri-
bution both in the southern part of North Asia with high
biodiversity and tend to be more older and younger circum-
boreal distribution, this group is of interest for understan-
ding speciation processes in the Northern Hemisphere. To
capture the whole complexity of the Ledun’s genetic land-
scape we need to analyze its genetic structure properly for
revealing patterns, explaining (1) evolution of subsection
Ledum species from boreal to subarctic, (2) hybrid processes
between them and (3) the migration history of these species
in the Pacific region as a whole.
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