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Abstract

The phylogenetic relation of the poorly known Arctic genus Cryptocolea is clarified for the first

time from an integrative approach. It is shown that the genus belongs to the family Southbyaceae,
rather than Solenostomataceae, where it was placed earlier. Some morphological synapomorphies con-
firming the found relation are revealed including perianths totally hidden in the bracts, the character of
margin of female bracts, and the surface of spores. A detailed description of the genus based on mul-
tiple specimens from Eurasia is given, the variability of morphological features and three DNA loci
(ITS1-2 nrDNA, trnL-F and rbcL cpDNA) is discussed, and a new variety C. imbricata var. minima
Konstant., Vilnet & Mamontov is described. Ecology and distribution of C. imbricata in Eurasia are
clarified; the necessity of further studies of the genus is discussed, including molecular study of speci-
mens from North America, as well as collecting specimens from bare soil in the High Arctic.

Pesrome

BriepBble Ha OCHOBAHMU MHTEIPATUBHOTO ITOAX0/1A EPECMOTPEHO (PUIIOTCHETHYECKOE TTOI0KEHHUE
MaJIOU3y4eHHOro apkruueckoro pona Cryptocolea. TIokazaHo, 4TO poJ OTHOCHTCS K CeMeilcTBY
Southbyaceae, a re k Solenostomataceae, Ky/a ero nomerany paree. BoissieH psijx MOp(OIOTHUSCKHUX
cHHanoMopduii, MOATBEPKNAIOIINX OOHAPYKEHHOE POACTBO, B TOM YHCIIC MOJHOCTBIO CKPBITHIH B
HOKPOBHBIX JINCTBSX IEPHAHTHIL, XapaKTep Kpasi ePUXEINATBHBIX JIUCTHEB H CKYJIBIITYpPa HOBEPXHOCTH
criop. BeinmonHeHo moppoGHOE onmMcaHHe PoAa, pacCMOTpeHa BapuabeabHOCTh MOP(OIOTHYECKUX
npusHakoB 1 Tpex JokycoB JJHK (ITS1-2 an/IHK, #7nL-F n rbcL xn/IHK), onucana HoBast pa3HOBUIHOCTh
C. imbricata var. minima Konstant., Vilnet & Mamontov. YTounens! sxosorus u pacrnpoctpanenue C.
imbricata 8 EBpa3nu, oka3aHna HeoOX0IMMOCTb JIaJIbHEHIIIEro H3y4eHUs PO/ia, B TOM YHCJIE BKIIIOUCHHUE
B MOJICKYJIIPHO-TEHETHYECKHE UCCIIEI0BAaHUS 00Pa31ioB U3 AMEPHKHU U cOOp U KOMIUIEKCHOE H3YUCHHE
00pasIoB ¢ NATEH U3 MATHUCTHIX TYHAP APKTUKH.

KEYWORDS: liverworts, phylogeny, taxonomy, Cryptocolea, morphology, new variety, ITS1-2, trnL-
F, rbcL, distribution, ecology

INTRODUCTION

Cryptocolea is a monotypic genus which was de-
scribed by R.M. Schuster as “an isolated taxon of uncer-
tain phylogenetic relationships™ (Schuster, 1969: 889).
He repeatedly (Schuster, 1953, 1969) considered the sim-
ilarity of Cryptocolea with several families; in particu-
lar, he noted that the genus “shows superficial relation-
ships to at least three families of Hepaticae: the Plagio-
chilaceae, the Jungermanniaceae (s. str., as in Schuster
1951), and the Southbyaceae” (Schuster, 1953: 415). At
the same time, he placed the genus in Jungermanniaceae
close to Nardia (Schuster, 1969). Later Crandall-Stotler
et al. (2009) moved the genus to the Solenostomataceae
Stotler et Crand.-Stotl. In the world checklist of liver-

worts (Soderstrom et al., 2016), the genus keeps its posi-
tion in Solenostomataceae; however, it is emphasized that
this is done provisionally. As far as we know, the genus
Cryptocolea had never been involved in the molecular
phylogenetic studies. The aim of our study is primarily
to clarify the phylogenetic position of the genus, and sec-
ondarily to characterize the morphological and genetic
variability of species based on specimens from different
regions of Eurasia.

MATERIAL AND METHODS

Collections and morphological study
The morphological investigation is based on speci-
mens preserved in the herbarium of the Polar-Alpine
Botanical Garden Institute, Kirovsk, Russia (KPABG)
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and the herbarium of the Main Botanical Garden, Mos-
cow (MHA). Totally 20 specimens were studied using
stereomicroscope (Nikon SMZ 8007) and compound light
microscope Nikon Eclipse SOi with digital camera DS
Fil. The mats and isolated shoots of Cryptocolea were
photographed using an Olympus MVX-10 stereomicro-
scope equipped with a digital camera Lumenera Infinity
3-6, other photomicrographs were obtained using light
microscopes Nikon Eclipse 50i equipped with a Nikon
DS-Fil digital camera and Leitz Wetzlar Orthoplan
equipped with a digital camera Nikon D700. In order to
better illustrate the three-dimensional objects, photomi-
crographs were combined from several optical sections
using the stacking software Helicon Focus 8 (Kozub et
al., 2008).

Mapping

The locations on the map are placed according to the
coordinates available from the specimen vouchers, or
calculated from the description of the localities. All loca-
tions with coordinates from the information system L.
(CRIS) were automatically plotted on the map since they
were either checked by the authors, or their identifica-
tion is beyond doubt, such as the specimens identified by
V. Bakalin. The locations from the GBIF were critically
evaluated for the reliability of the data source before be-
ing transferred to the map. Different kinds of data are
marked on the map by different symbols.

Sampling for molecular analyses

The specimens of Cryptocolea imbricata from Sval-
bard (Norway), Kamchatka, Khabarovsk, Trans-Baikal
and Krasnoyarsk Territories of Russia were selected for
molecular study. The ITS1-2 ntDNA and #7nL-F cpDNA
were chosen as appropriate molecular markers. BLAST
search based on both sequenced loci did not provide high
similarity with the members of family Solenostomatace-
ae as was expected from the recently accepted taxonomic
position of the genus (Séderstrom et al., 2016). Two ac-
cessions of the genus Southbya (KJ802083, KF942954)
appeared to be the most similar to Cryptocolea imbrica-
ta with trnL-F sequence similarity up to 86-87%, and a
number of accessions of the families Gymnomitriaceae
and Jungermanniaceae with ITS1-2 sequence similarity
up to 84-86%. The low level of similarity suggests the
isolated phylogenetic position of Cryptocolea, and also
insufficient sampling of related taxa and absence of ap-
propriate DNA loci in GenBank, especially the ITS1-2
region for most genera of the Jungermanniineae. After
BLAST estimation we sequenced a part of rbcL. cpDNA
gene for three Cryptocolea specimens to estimate the
affinity of the genus, since this region was used in the
fundamental study of macroevolutionary history of bryo-
phytes (Laenen et al., 2014) and an expanded nucleotide
dataset for liverworts was deposited in GenBank. All three
nucleotide markers were also obtained for Arnellia fen-
nica, Southbya tophacea and Gongylanthus limbatus to
fill absent data for these taxa critical for current phylo-

genetic estimation. The ITS1-2 sequence data for 42 ac-
cessions, trnlL-F for 91 accessions, rbcL for 68 acces-
sions were downloaded from GenBank; they represent
taxa from the suborder Jungermanniineae, a sister relat-
ed Cephaloziineae and species from Myliineae placed in
the outgroup. The list of specimens sequenced in this
study with voucher details and GenBank accession num-
bers is shown in Table 1; the list of all specimens includ-
ed in the phylogenetic study is provided in Appendix 1
(supplementary material).

DNA isolation, PCR amplification and DNA se-
quencing

DNA from dried liverwort shoots was extracted with
DNeasy Plant Mini Kit (Qiagen, Germany) according to
the manufacturer’s protocol. The ITS1-2, trnL-F and rbcL
loci were amplified and sequenced with pairs of primers
described in White et al. (1990), Taberlet et al. (1991)
and Kress & Erickson (2007). PCR was carried out in 20
pl volumes with the following amplification cycles: 3
min at 94°C, 30 cycles (30 s 94°C, 40 s 56°C (ITS1-2,
trnL-F) or 52°C (rbcL), 60 s 72°C) and 2 min. of final
extension time at 72°C. The amplified fragments were
visualized on 1% agarose TAE gels by EthBr staining,
purified using the Cleanup Mini Kit (Evrogen, Russia),
and used as a template in sequencing reactions with the
ABI Prism BigDye Terminator Cycle Sequencing Ready
Reaction Kit (Applied Biosystems, USA) following the
standard protocol provided for 3100 Avant Genetic Ana-
lyzer (Applied Biosystems, USA).

Phylogenetic analysis

The newly sequenced data were assembled and align-
ments were produced with the program BioEdit 7.0.1
(Hall, 1999). From the available sequence data two
datasets were produced: ITS1-2+trnL-F and rbcL+trnL-
F. The combination of the three DNA loci into a single
alignment was inappropriate due the absence of speci-
mens with all three sequenced loci, with exception of
those obtained in this study. The species in ITS1-2+#nL-
F and rbcL+trnL-F alignments are represented by differ-
ent specimens that have an appropriate combination of
DNA data from a single specimen. Cryptocoleopsis im-
bricata, Endogemma caespiticia and Southbya topha-
cea are represented by the same single #7nL-F accession
in the both alignments. The specimens of Southbya ni-
grella and Geocalyx graveolens were included in the
combined ITS1-2+#nL-F with trnL-F only and in
rbcL+trnL-F with both chloroplast loci. Seven specimens
with only t7nL-F sequences were placed in ITS1-2+#nL-
F alignment, 18 specimens with rbcL only and eight spec-
imens with #7nL-F only data were included in 7bcLA+trnL-
F alignment. Totally, the ITS1-2+#7nL-F dataset has 58
specimens, rbcL+trnL-F — 82 specimens. All positions
were taken into account and absent data and loci were
coded as missing in both alignments.

The maximum likelihood analysis (ML) was per-
formed with IQ-TREE (Nguyen et al., 2015) and the
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I 0.1 i
100/1.00 |Solenostoma fusiforme Russia: Kamchatka Terr.GQ220773/GQ220757
S. handelii Japan GQ220772/GQ220756
9811.00 (= S. pseudopyriflorum Russia: Buryatia Rep. GQ220775/GQ220759
ﬂE& sphaerocarpum Russia: Karachaevo-Cherkesia Rep. GQ220776/GQ220760
S. confertissimum Russia: Karachaevo-Cherkesia Rep. GQ220774/GQ220758
Plectocolea subelliptica Russia: Kamchatka Terr. GQ220768/GQ220752 Solenostoma-
P. obovata Russia: Perm Terr. GQ220771/GQ220755 taceae
P. obovata Russia: Kemerovo Prov. GQ220769/GQ220753
P. obovata Russia: Murmansk Prov. GQ220770/GQ220754
P. obovata Russia: Buryatia Rep. GQ220767/GQ220751
Plectocolea sp. Russia: Murmansk Prov. GQ220777/GQ220761
Plectocolea sp. Russia: Karachaevo-Cherkesia Rep. GQ220778/GQ220762
Gymnomitrion pacificum Russia: Commander Islands, |. Bering EU791835/EU791713
G. concinnatum Russia: Murmansk Prov. EU791832/AF519202
G.verrucosum China: Yunnan Prov. -/KJ802102
G. commutatum Buryatia Rep. EU791828/EU791707
Prasanthus suecicus Norway: Svalbard EU791825/EU791704
69/0.93 — 8ryptocoleopsis imbricata Russia -/KJ802098
Marsupella funckii Russia: Karachaevo-Cherkesia Rep. EU791820/EU791700
M. aquatica Russia: Murmansk Prov. EU791813/AF519201
M. arctica Norway: Svalbard EU791815/EU791695
Nardia insecta Belgium EU791836/EU791714
N. compressa Canada: British Columbia EU791837/AF519188
) b N. assamica Russia: Kuril Islands, I. lturup EU791838/EU791715
70 Endogemma caespiticia Russia: Murmansk Prov. -/JF421605 I Endogemmataceae
Arnellia fennica Russia: Buryatia Rep. K372-1-17 OR611950/0R604343* I Arnelliaceae

1001.00 (= Mesoptychia badensis Russia: Amur Prov. EU791842/EU791718
sio s_ls |:M. badensis Russia: Komi Rep. EU791841/EU791717
7€/0.99 M. sahlbergii Russia: Chukotka A.O. EU791840/AF519189

100/1 ool:Liochlaena sichuanica China: Sichuan Prov. MH703731/MH686187
L. lanceolata Russia: Vladimir Prov. KF516120/KF516228 Jungermannia-
1001.00f Jungermannia cf. exsertifolia Russia: Kamchatka Terr. GQ220780/GQ220764 | ceae
J. cf. exsertifolia Russia: Karachaevo-Cherkesia Rep. GQ220779/GQ220763
J. borealis Russia: Buryatia Rep. GQ220781/GQ220765
J. atrovirens Russia: Karachaevo-Cherkesia Rep. GQ220782/GQ220766
Eremonotus myriocarpus Russia: Karachaevo-Cherkesia Rep. EU791839/EU791716

1001.00 = Hygrobiella laxifolia Russia: Murmansk Prov. JX629931/JX630054
Hygrobiella nishimurae Japan MH580594/MH580592
Calypogeia vietnamica Viet Nam: Lao Cai Prov. MK335824/MK336253 | Calypogeiaceae
Cryptocolea imbricata Russia: KamchatkaTerr. OR664123+OR611952/0OR604346*
C. imbricata Norway: Svalbard OR664122/0OR604345*

C. imbricata Russia: Khabarovsk Terr. OR611955/0R604349*
100/1.00 C. imbricata Russia: Trans-Baikal Terr. OR611954/OR604348*
C.imbricata Russia: Krasnoyarsk Terr., Taimyr OR611957/OR604351* Southbya-
C. imbricata Russia: Krasnoyarsk Terr., Khatanga OR611956/0R604350* | ceae

C. imbricata var. minima var. nov.
Russia: Krasnoyarsk Terr., Taimyr OR611953/OR604347*

100 r S. tophacea Russia: Krasnodar Terr. OR611951/OR604344*
Southbya tophacea ltaly -/KF942954
S. nigrella Italy -/KJ802083
Gongylanthus limbatus Ecuador OR611958/0OR604352*
Geocalyx graveolens China: Yunnan Prov. -/Kj802067 | Geocalycaceae
Anastrepta orcadensis Russia: Buryatia Rep. DQ875126/DQ875088
Vietnamiella epiphytica Viet Nam: Lao Cai Prov. MK277316/MK290984 Anastrophyllaceae
Trilophozia quinquedentata Russia: Kareliya Rep. EU791804/AY327786
Cephalozia bicuspidata Russia: Kemerovo Prov. JX629821/JX629938
Odontoschisma elongatum Norway: Svalbard JX629870/JX630001
Mylia taylorii Russia: Primorsky Terr. MF989964/MF989972
Leiomylia anomala Russia: Magadan Prov. MF989962/MF989970

90/1.00

99/-

59/0.92

Gymnomitriaceae

57/-

62/0.88

-10.94

80/1.00

68/0.95 | 99/1.00

Hygrobiellaceae

Jungermanniineae
78/1.00
94/1.00

100/1.00

100/1.00

100/1.00

82/1.00

| Cephaloziaceae
Cephaloziineae

| Myliaceae
Myliineae

Fig. 1. Phylogram obtained by maximum likelihood for the suborder Jungermanniineae based on ITS1-2+#nL-F dataset.
Bootstrap supports from maximum likelihood and Bayesian posterior probabilities more than 50% (0.50) are indicated. GenBank
accession numbers are provided, accessions obtained in this study are marked with asterisk.

Bayesian analysis (BA) with MrBayes v. 3.2.1 (Ronquist ~ bootstrapping procedure (Hoang ef al., 2018) with 200
et al.,2012). The ModelFinder (Kalyaanamoorthy et al.,  replicates was used. The obtained ML tree topologies were
2017) resolved the GTR+FO+G4 model as the best fit ~ redrawn in NJplot (Perricre & Gouy, 1996). For the Baye-
evolutionary model of nucleotide substitutions for both  sian analysis both datasets were assigned the GTR+I+G
ITS1-2+trnL-F and rbcL+trnL-F datasets. The ultrafast =~ model as recommended by the program’s creators; gam-
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I 0.05 i
Solenostoma appressifolium China: Yunnan Prov. KF943570/KF943010
S. inundatum New Zealand KF943596/KF943058
100/1.00 S. confertissimum Norway KF943601/KF943065
68/0.78} S. sphaerocarpum Norway KF943618/KF943086
S. orbiculatum New Zealand KF943583/KF943036 Solenostoma-
Plectocolea obovata Russia KF943552/KF942974 taceae

Solenostoma crenuliforme USA: North Carolina KF943617/KF943085
S. montanum Australia KF943564/KF942987

S. rosulans China: Yunnan Prov. KF943574/KF943026

S. gracillimum Austria KF943614/KF943082

Gymnomitrion pacificum USA: Alaska KF943591/KF943050

G. alpinum UK: Scotland KF852406/KJ802101

G. verrucosum China: Yunnan Prov. KF852409/KJ802102
G. concinnatum Norway: Svalbard KF943557/KF942980
Prasanthus suecicus Norway: Svalbard KF852304/KJ802074
Cryptocoleopsis imbricata Russia -/KJ802098

Marsupella arctica Norway: Svalbard KF852300/KJ802072

M. aquatica UK: Scotland KF943544/KF942959

M. funckii Russia KF943562/KF 942985

Nardia succulenta Colombia KF943622/KF943094

N. scalaris Russia KF852307/KJ802077

N. compressa Russia: Kamchatka Terr. KF943556/KF942978
Endogemma caespiticia Russia: Murmansk Prov. —/JF421605| Endogemmataceae

Harpanthus flotovianus Norway KF852272/KJ802065 | Harpanthaceae

.:Saccogyna viticulosa Portugal KF852385/- | Saccogynaceae
100/1.00 r Armnellia fennica Russia: Buryatia Rep. OR604353/OR604343* .
. fennica Finland KF852402/KJ802096 Ameliiaceae
Jungermannia exsertifolia subsp. cordifolia USA: Alaska KF943592/KF943051

J. pumila Norway KF943603/KF943070

J. atrovirens Switzerland KF852398/KJ802093

Eremonotus myriocarpus UK: Scotland KF852354/KJ802082 .
Jungermannia-

Delavayella serrata China: Yunnan Prov. KF852269/KJ802066
871094 ] 95/1.00 Liochlaena lanceolata USA: Oregon KF852381/KJ802091 ceae

99/1.00 Mesoptychia rutheana Canada KF943573/KF943025
ME|_— M. polymorpha USA: California KF943581/KF943034
M. sahlbergii Russia KF852310/KJ802078
Mizutania riccardioides Malaysia AB476582/-

66/0.97
Gymnomitriaceae

-10.71
~

100/1.00

68/0.67

0524 C. imbricata Russia: Trans-Baikal Terr. -/OR604348*

52/0.74
L Mnioloma fuscum Fiji KF852404/KJ802100 Calypogeiaceae
Calypogeia muelleriana USA JF316291/-
Metacalypogeia alternifolia Bhutan KF852276/KJ802068
Hygrobiellaceae

1 100/1,00 [ Hygrobiella laxifolia Russia KF852320/-
— H. nishimurae Japan -/MH580592
I_Anthe/ia julacea UK: Scotland KF852280/KJ802070 | Antheliaceae
Cryptocolea imbricata Russia: Krasnoyarsk Terr., Taimyr -/OR604351*
C. imbricata Russia: Krasnoyarsk Terr., Khatanga -/OR604350*
C. imbricata Russia: Khabarovsk Terr. -/OR604349*

C. imbricata Russia: Kamchatka Terr. OR604356/OR604346*
C. imbricata Norway: Svalbard OR604355/0R604345*

C. imbricata var. minima var. nov. Southbya-
Russia: Krasnoyarsk Terr., Taimyr OR604357/OR604347* ceae

971100 Southbya tophacea Italy -/KF942954
—@S. tophacea Russia: Krasnodar Terr. OR604354/OR604344*
S. nigrella Italy KF852355/KJ802083

100/~

100/1.00 I Gongylanthus ericetorum Portugal JX305547/-
G. ericetorum Greece AM392303/-
G. limbatus Ecuador OR604358/OR604352*

G. himalayensis Bhutan JX305548/-
ﬂLGeocalyx caledonicus New Zealand KF943584/- I
G. graveolens China: Yunnan Prov. KF852271/KJ802067 | ceocalycacea
Gyrothyra underwoodiana Canada DQ268970/KF942997 | Gyrothyraceae
| Calypogeiaceae

99/1.00

95/1.00

_r| Eocalypogeia quelpartensis Japan AB476566/-

0% Jackiella curvata New Zealand DQ787461/- | Jackiellaceae
Isotachis lyallii New Zealand KF852343/AY608130
Neesioscyphus argillaceus Brazil DQ312509/-
Balantiopsis diplophylla Australia KF852348/-

Acroscyphella phoenicorhiza New Zealand KF852339/-
Trichotemnoma corrugatum New Zealand AY462333/AY463591 | Trichotemnomataceae

Balantiopsidaceae

Jungerm

80/-}

Clandarium gottscheanum Chile KF852329/- Blepharidophyll
Blepharidophyllum vertebrale New Zealand KF852363/KJ802086 epharidophyliaceae
Tylimanthus laxus Ecuador JX461053/JX461095

100/1.00.

anniineae o8r1.00
._|85’° = EAcrobolbus ochrophyllus Chile KF852285/KJ802071
Goebelobryum unguiculatum New Zealand KF852375/- Acrobolbaceae

99/1.00

Lethocolea glossophylla Ecuador DQ439692/KJ802080

-l— Saccogynidium decurvum Australia KF852389/-

Anastrepta orcadensis China: Yunnan Prov. KF852268/-
Vietnamiella epiphytica Vietnam: Lao Cai Prov. MK290986/MK290984

Trilophozia quinquedentata Russia KF852302/-
| Cephaloziellaceae

Anastrophyllaceae

Cylindrocolea recurvifolia Japan KF852297/-
Odontoschisma elongatum Portugal KX098925/KX099007 | Cephaloziaceae

Cephalozia bicuspidata Dominican Rep. KX098877/KX098955

Cephaloziineae

Mylia taylorii China: Yunnan Prov. KF852277/- | Myliaceae

Myliineae Leiomylia anomala Canada KF852367/KJ802088

Fig. 2. Phylogram obtained by maximum likelihood for the suborder Jungermanniineae based on rbcL+trnL-F dataset. Boot-
strap supports from maximum likelihood and Bayesian posterior probabilities more than 50% (0.50) are indicated. GenBank

accession numbers are provided, accessions obtained in this study are marked with asterisk.
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Table 1. The list of specimens sequenced in this study with voucher details and GenBank accession numbers.

Taxon Specimen voucher

Arnellia fennica

Russia: Buryatia Rep., Konstantinova

GenBank accession number

& Savchenko K372-1-17 (KPABG-122033)

Cryptocolea imbricata ~ Norway: Svalbard, Frisvoll 732314
(KPABG-122667)
Cryptocolea imbricata
(KPABG-120389)
Russia: Khabarovsk Terr., Bakalin

Kh-36-56-13 (KPABG-119106)

Cryptocolea imbricata
Cryptocolea imbricata

Cryptocolea imbricata  Russia: Krasnoyarsk Terr., Taimyr,

Fedosov G107969 (KPABG-107969)
Russia: Trans-Baikal Terr., Mamontov

Cryptocolea imbricata
YuSM-524-3-6 (KPABG-119564
Cryptocolea imbricata  Russia: Krasnoyarsk Terr., Taimyr,
var. minima
Gongylanthus limbatus

Southbya tophacea

Russia: Kamchatka Terr., Bakalin K-66-5-15 OR664123/

Russia: Krasnoyarsk Terr., Khatanga Settl.,
Fedosov 13-3-0382 (KPABG-116993)

Lapshina 213E/4-3-21 (KPABG-124714)
Ecuador, Schaefer-Verwimp 24463 (MO)
Russia: Krasnodar Terr., Konstantinova

ITS1-2nrDNA  #rnL-F cpDNA rbcL cpDNA
OR611950 OR604343 OR604353
OR664122 OR604345 OR604355
OR604346 OR604356
OR611952
OR611955 OR604349 -
OR611956 OR604350 -
OR611957 OR604351 -
OR611954 OR604348 -
OR611953 OR604347 OR604357
OR611958 OR604352 OR604358
OR611951 OR604344 OR604354

& Savchenko K312-4-11 (KPABG-122707)

ma distributions were approximated with four rate cate-
gories. Two independent runs of the Metropolis-coupled
MCMC were used to sample parameter values in propor-
tion to their posterior probability. Each run included three
heated chains and one unheated chain, and the two start-
ing trees were chosen randomly. The number of genera-
tions was one million for the ITS1-2+#rnL-F dataset and
five millions for the rbcL+trnL-F dataset. Trees were
saved every 100th generation. The average standard de-
viation of split frequencies between two runs in the ITS1-
2+trnL-F analysis was 0.005607 and 0.006173 in
rbcL+trnL-F. For the ITS1-2+trnL-F calculations the first
2500 (25%) trees were discarded in each run, and 15000
trees from both runs were sampled after burn-in, for
rbeL+trnL-F 12500 (25%) trees were discarded in each
run, and 75000 trees from both runs were sampled after
burn-in. Bayesian posterior probabilities were calculat-
ed from trees sampled after burn-in. The FigTree v.1.3.1
was used to visualize Bayesian phylogenetic tree (http://
tree.bio.ed.ac.uk/software/figtree/).

The sequence variability was estimated as the aver-
age pairwise p-distances for ITS1-2, ##nL-F and rbcL loci
of the genus Cryptocolea and related taxa in Mega 11
(Tamura et al., 2021) using the pairwise deletion option
for counting gaps.

RESULTS

Newly generated sequence data were obtained for ten
specimens tested in the current study, ten ITS1-2 and
trnL-F and six rbcL accessions were deposited into Gen-
Bank. The ITS1-2+#7nL-F alignment has a total length
of 1620 positions, among them 1049 positions belong to
ITS1-2 and 571 — to trnL-F. The total length of the
rbcL+trnL-F alignment has 1954 positions, among them
1343 positions belong to rbcL and 611 — to trnL-F.

The single tree obtained in the ML calculation of the
ITS1-2+trnL dataset has an arithmetic mean of Log like-

lihood -18009.90, both runs sampled in the BA analysis
have the means of Log likelihood -17688.73 and -
17686.93, respectively. The single ML tree calculated on
rbcL+trnL-F dataset has an arithmetic mean of Log like-
lihood -20834.75, both runs sampled in the BA analysis
have the means of Log likelihood -20556.77 and -
20554.46. Tree topologies reconstructed for each dataset
in both analytical procedures are congruent, thus Fig. 1
demonstrates the topology received in ML analysis of
ITS1-2+#rnL dataset, Fig. 2 —the topology from ML anal-
ysis of rbcL+trnL-F dataset, with indication of bootstrap
support (BS) values from ML calculation and Bayesian
posterior probabilities (PP) from BA.

Despite the different taxon sampling, the backbone
topologies of the trees constructed from the combined
nuclear and chloroplast loci and from two chloroplast
loci are similar and agree with previously published to-
pologies for Jungermanniales reconstructed from differ-
ent combination of chloroplast markers (De Roo et al.,
2007; Gailliau et al., 2013) and combined chloroplast,
mitochondrial and nuclear markers (Shaw et al., 2015).
Seven specimens of Cryptocolea form a clade robustly
supported in the analyses from ITS1-2+#nL dataset
(BS=100%, PP=1.00), and less supported in the analy-
ses from rbcL+trnL-F dataset (BS=81%, PP=0.99). In
both trees the remote affinity of the Cryptocolea-clade to
the terminal Solenostomataceae-clade, as well to the gen-
era Nardia and Arnellia, is evident. The Cryptocolea-
clade reveals a sister affinity (BS=100%, PP=1.00) to a
clade composed by the genera Southbya and Gongylan-
thus (BS=82%, PP=1.00) in ITS1-2+trnL topology, and
unsupported relation to these genera in rbcL+trnL-F to-
pology. Molecular phylogenetic estimation suggests tax-
onomical changes in the Jungermanniineae by transfer-
ring the genus Cryptocolea from the family Solenosto-
mataceae to the family Southbyaceae.
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Table 2. The values of p-distances (%) for the family Southbyaceae, calculated from a) ITS1-2 and #nL-F, b) rbcL nucleotide

sequence data.

Specimen Kamchatka

Terr. 120389 107969 Terr. 119106 Terr. 119564 116993

Cryptocolea imbricata

Kamchatka Terr.
120389

C. imbricata

Taimyr 107969

C. imbricata

Khabarovsk Terr.
119106

C. imbricata 119564

Trans-Baikal Terr.
C. imbricata

Khatanga 116993
C. imbricata
Svalbard 122667

C. imbricata

Taimyr 124714

Southbya tophacea

Krasnodar

S. tophacea

Italy 35466

S. nigrella

Italy 621
Gongylanthus

limbatus Ecuador

24463

1.0/0.2

0.8/0.2 0.5/0.0

1.0/0.2 0.6/0.0 0.4/0.0

0.8/0.2 0.2/0.0 0.2/0.0 0.4/0.0

1.1/0.0 1.9/0.2 1.5/0.2 1.1/0.2

7.6/2.0 7.4/2.1 7.4/2.1 7.6/2.1

122707 25.6/11.3 22.1/11.3 22.4/11.3

-/11.3 -/11.6 ~ -/11.6 -/11.6

-/12.6 <123 -/12.3 -/12.3

28.2/8.1 23.7/8.0 23.6/8.0 23.6/8.0

Specimen
Kamchatka
120389

Svalbard
122667

Krasnodar
122707

Taimyr
124714

Cryptocolea
imbricata
Kamchatka

120389

C. imbricata 0.2
Svalbard 122667
C. imbricata
Taimyr 124714
Southbya 5.4 5.2 5.6

tophacea

Krasnodar122707

S. nigrella 6.1 5.9 5.9 5.1
Italy 621

Gongylanthus 4.6 4.4 4.2 6.3
ericetorum 36610

Portugal

G.ericetorum 4.7 4.5 4.4 6.3
6335

Greece

G. limbatus 33 3.1 3.1 5.9
Ecuador 24463

G. himalayensis 3.6 34 34 6.9
28706 Bhutan

0.7 0.9

Taimyr Khabarovsk Trans-Baikal Khatanga Svalbard Taimyr Krasnodar Italy

C. imbricata C. imbricata C. imbricata Southbya tophacea S. nigrella Gongylanthus

Ecuador
24463

Italy

122667 124714 122707 35466 621

1.1/0.2

7.4/2.1 7.1/1.9

22.3/11.3 22.1/11.3 15.3/11.223.5/10.8

-/11.6 -/11.2 -/11.1 -/0.2

-/12.3 -/12.0 -/11.8  -/7.6 -/7.0

23.6/8.0 30.4/7.6 22.9/9.221.4/104 -/10.1 -/12.2

G.ericetorum G. limbatus G. himalayensis
Greece Ecuador  Bhutan
6335 24463 28706

ericetorum
Portugal
36610

Italy 621

6.7

6.5 0.0

6.4 6.1 6.1

6.7 6.1 6.1 2.4

MORPHOLOGY

In general, morphological variability of the specimens
studied by us is quite low and is mainly in the intensity
of color, plant size and leaf shape. Some of the most vari-
able features are considered below.

Color. The species was described as “bright pellucid
green with the older leaves becoming a light yellowish
brown” (Schuster, 1969:890). In the material studied by
us the color of plants varies greatly from bright green to

golden-brown, bronze and dark bronze. In some speci-
mens plants are fully green, but more often the upper
leaves are green or just with golden-brown or chestnut-
brown colored margins, whereas lower leaves are mostly
brown to dark brown. In some specimens all plants are
bronze or even dark bronze-brown, but the inner parts of
leaves covered by a lower leaf are always bright green or,
in old material, pale green. Fig. 3
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Fig. 3. Cryptocolea imbricata var. minima (A, C, D, G, I — from holotype). Cryptocolea imbricata var. imbricata (B, E, F, H,

J — from Fedosov 13-3-0382): A, B: habit of plants in cushions; C—E, G: female shoots; F: sterile shoot; H-I: male shoots.

Size of plants vary greatly from just 0.4 mm wide
and just 1.5-2 mm long on spots of bare soil in Taimyr
Peninsula (KPABG-124714) to 1-1.3 mm wide and 12—
15 mm long in specimens from the Kamchatka Peninsu-
la. Fig.3

Rhizoids are described by Schuster (1969) as spo-
radic, rarely numerous, but in many studied specimens
rhizoids were numerous. Moreover, the rhizoids are very
dense and very long in the specimen KPABG-124714
from Taimyr.
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Fig. 4. Cryptocolea imbricata var. minima (G—J — from holotype). Cryptocolea imbricata var. imbricata (K, P — from Bakalin
Kh-36-56-13; O — from Mamontov 537-3-1): A-J, L-N: leaves; K: median leaf cells; O: basal leaf cells with oil-bodies; P: basal
leaf cells.

Shape of leaves varies from almost round to broadly
ovate or transversely elliptical (KPABG 124714, 116993),
but leaves are always broadly rounded at apex and most-
ly with margin folded inwards. Fig.4

Leaf cells in most specimens are smaller in the up-
per part of the leaf and along margins, gradually increas-
ing in size towards the middle of leaf, and are the largest
in the lower part of leaf. Cells are more or less elongate
in the distal part of leaves and distinctly elongate, up to
2-2.5(-3) times as long as wide, at the base of leaves. In
one specimen from Taimyr Peninsula (KPABG-124714),
in which the leaves are very small, cells are large through-
out the leaf, only slightly larger and more elongated at
the base. Fig.4

Sexuality. The species is described as dioicous and
in most specimens we found either antheridia or arche-
gonia. But in Fedosov’s specimen from Dickson (KPABG-
107969), one antheridium was found on a plant with
characteristically ventricose male bracts and with arche-
gonia in terminal position on the same plant. This sug-
gests that at least in some areas the species may have
protandria.

Papillae clearly visible both on the outer and inner
female bracts in some specimens, but in other specimens
with young archegonia they may be completely undevel-
oped and appear only as separate larger marginal cells
with colorless walls.

Spores. In the only specimen with sporophytes stud-
ied by us spores wee somewhat larger (20-23 wm in diam.)
than it was described by Schuster (1969), 14-16(17-19)
pm. At the same time, the sculpture of the surface corre-
sponds exactly to Schuster’s description. Fig.5

TAXONOMICAL TREATMENT

The description of Cryptocolea imbricata provided
below is based on specimens preserved in KPABG and
MHA. Some of the characteristics described by Schuster
(1969), but not found by us, are given in brackets.

Cryptocolea imbricata R.M. Schust., Amer. Midl.
Nat. 49(2): 417, fig. 7:7, pl. 34, 1953.

Plants with a subtle pleasant smell of essential oil
after soaking, (0.4)0.8—1.3 mm wide and 2—15 mm long,
growing as isolated plants or in dense turfs or mats with
admixture of other liverworts, not branched apart the
innovation under gynoecium or single short branch near
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B

Bakalin K-48-4-15; E, 1 — from Bakalin K-66-5-15): A: calyptra; B: spore; C: two elaters; D: capsule wall; E, F, G, I, L: female

bracts margins; J, K: male bracts margins.

apex; branches lateral, intercalar or of Frullania type.
Plants green to golden and copper-bronze, or dark brown,
often bright or glistening, deep brown along margins of
leaves and gradually becoming green in the inner parts
of leaves, or with copper-bright and deep brown color of
the whole plant. Stem fleshy, cross section ellipsoidal,
(175)200x250-300(325) um, as wide as long, cells of
medulla thin-walled, almost isodiametric or wide ellipti-
cal, 20-25%20-30 pum, with small trigones; cortical cells
smaller, elongated along the margin, slightly thick-walled
with brown walls, 13—17x17-20 um, mycorrhizae not
found. Ventral stem sectors not expressed at all or even
the attachment lines of opposite leaves come one after
the other (especially below) or near apex 1-2 cells wide;
underleaves absent; cells on ventral side of stem 17—
20x25-37 wm; cells on dorsal side larger, 25-30x50-75
wm. Rhizoids sporadic to numerous, very long, colorless
or light brown, 10-13 um in diameter. Leaves closely
imbricate, slightly decurrent on densely leaved shoots to
long decurrent on loosely leaved shoots, both on ventral
and especially on dorsal side, where long, 1-2 cells wide

strips can reach a leaf below; leaves saucer-shaped, con-
cave, broadly ovate or almost orbicular, from 400 (in var.
minima) to 750-800 pum, to slightly elliptical and then
750-900x900—-1100 um, rarely transversely elliptical.
Cells along the margins of leaves from almost isodia-
metric to slightly elongated, 20-25%(20)-25-30 um in
upper part, just slightly larger below and in the middle;
smaller, isodiametric. 20-25%20-25 pum, mixed with
elongated, (20)25-30x25-30-35(38) um and more dis-
tinctly elongated towards the base, and at base (25)30—
38(40)x35-50(65) wm, thin-walled, with straight to
slightly wavy walls, with small, but distinct trigones. Oil
bodies light to dark grey, (3)5-7(9) per cell, 5-9 um of
many, relatively large, uneven segments, spherical or wide
ellipsoidal, to (3)4-8x7-10 (12) wm, more or less persis-
tent. Gemmae absent.

Dioicous or heteroicous. Male plants in separate mats
(in most collections only male plants are present), small-
er than female plants, often 0.5 mm wide and just (1)2
mm long in the same mats as female, androecia com-
pressed laterally, terminal, but then became intercalary,
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Fig. 6. Worldwide distribution of Cryptocolea imbricata. Squares - specimens revised by the authors; triangles - sequenced

specimens; circles - literature and GBIF data

so there are often 2-3 androecia alternating with sterile
leaves, each androecium consists of 3—4 pairs of bracts
inflated at the base. Bracts distinctly ventricose, with
marginal cell walls rounded, wave-like at the edges of
margin. Bracts almost orbicular to broadly transversely
elliptical, ca. 650-950 um wide, to 650—800 um long;
antheridia 1-2 per bract, large, filling ventricose base of
bract, 200 pm wide and 250 um long, stalk biseriate.

Female plants with perigynium more or less low;
perichaetial leaves at apex of shoot, very closely attached,
nested one into the other in 3—6 (7) pairs, forming char-
acteristic bilobate structure, outer bracts clearly ventri-
cose, often reflexed in distal part, large, subquadrate or
with length slightly exceeding the width or vice versa,
ca. 700900 (1300) um wide and (700) 800-1350 um
long, gradually decreasing in size, with young innermost
colorless scale-like bracts, almost twice as small as outer
bracts. Bracts along margins with slime papillaec some-
times mixed with one-celled teeth or some kind of in-
dentations formed on the site of destroyed papillae. Small
bracteoles sometimes present. [Perianth rudimentary, to-
tally hidden in bracts, with wide mouth, but orifice re-
duced by extensive plication, shallow plurilobulate, lob-
ules blunt, with few slime papillae interspersed, devel-
oped after fertilization]; shoot calyptra with numerous
sterile archegonia at the base was found in a single stud-
ied specimen with sporophyte (KPABG 120385). Cap-
sule wall with numerous nodular thickenings in external
cell layer, inner layer with more or less complete semi-
annular bands. Spores brown, with a peculiar worm-like
sculpture of the surface, 14-20 (23) um in diam., elaters
bispiral, (6) 7-10 um wide, with 2-3 um band. Fig. 5.

Type. Near Grand Portage, Minnesota, USA, R.M.
Schuster 18592, 1950.

Specimens examined. RUSSIA: Far East, Kamchatka Ter-
ritory, East Kamchatka: Pinachevsky Pass,53°26'56"N,
158°38'17"E, 1280 m a.s.l. 18.VIIL.2015 V. Bakalin [KPABG-

120389], moist cliffs, N-facing rocks, with Frullania subarcti-
ca; Ganalsky Range, 53°54'34"N, 158°03'39"E, 1330 m a.s.l.
06.VII1.2015 V. Bakalin [KPABG-120385, spor!], with Trilo-
phozia quinquedentata; ibid., 53°54'34"N, 158°03'35"E, 1450
m a.s.l. 07.VII1.2015 V. Bakalin [KPABG-121576, MHA-
9091828]; Khabarovsk Territory, Tardoki-Yani Range,
48°53'N, 138°03'E, 2010 m a.s.l. 22.VII1.2013 V. Bakalin
[KPABG 119106]; Trans-Baikal Territory, Stanovoye Nagor’e
Uplands, Kodar Range, 56°53'40"N, 117°19"21"E, 2000 m a.s.1.
10.VI.2015 Yu. Mamontov 524-3-6 [KPABG-119564], on base
of moist rock, mixed with Pseudotritomaria heterophylla, Gym-
nomitrion revolutum, Frullania subarctica, Herbertus adun-
cusy ibid., 56°44'54.9" N. 117°21'39.0" E, 1644 m a.s.l.
15.V1.2015 Yu. Mamontov 537-3-1 [KPABG-119573], on moist
soil of a late snow bed, mixed with Trilophozia quinquedenta-
ta, Scapania hyperborea and Fuscocephaloziopsis pleniceps;
ibid., 56°44'54.9" N. 117°21'39.0" E, 1644 m a.s.l. 15.V1.2015,
Yu. Mamontov 537-3-6085 [MHA-9087205], on moist soil of
a late snow bed, mixed with Mesoptychia heterocolpos; ibid.,
56°55'39.0" N. 117°42'32.8" E, 1755 m a.s.1., 03.VIL.2013, Yu.
Mamontov 351-3-2 [KPABG], on rock ledge moistened with
dripping water, mixed with Anastrophyllum assimile, Marsu-
pella arctica, Odontoschisma macounii, Radula prolifera; ibid.,
03.VIIL..2013, Yu. Mamontov 351-3-5 [MHA], on rock ledge
moistened with dripping water, mixed with Anthelia juratzka-
na, Fuscocephaloziopsis pleniceps, Gymnomitrion revolutum,
Odontoschisma macounii; Kalar Range, 56°10'57.1" N,
117°20'03.9"E, 1756 m a.s.l. 20.VII1.2014 Yu. Mamontov 493-
1-8981 [MHA], on soil-covered boulders, mixed with Fusco-
cephaloziopsis albescens, Marsupella emarginata, Radula pro-
lifera, Schistochilopsis incisa; ibid, 20.VII1.2014 Yu. Mamon-
tov 493-1-8983 [MHA-9088476], on soil-covered boulders,
mixed with Calycularia laxa, Scapania crassiretis, Trilopho-
zia quinquedentata; ibid., 56°14'36.4" N, 117°26'23.8" E, 1516
ma.s.l. 26.VII1.2014 Yu. Mamontov 506-1-1 [MHA], on moist
rock surface, mixed with Cephalozia bicuspidata, Gymnomi-
trion concinnatum, Sphenolobus saxicola, Tetralophozia set-
iformis; Udokan Range, 56° 40' N, 118° 22' E, VIIL.1987 A. Ko-
zhevnikova & V. Filin [LE], on rocks, mixed with Anastrophyl-
lum assimile, Calycularia laxa, Marsupella emarginata, Sphe-
nolobus minutus. Krasnoyarsk Territory: Ereechka River,
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71°02'00"N, 105°08'00"E, 22.VI1.2013 V.E. Fedosov [KPABG
119106] with Trilophozia quinquedentata, Aneura pinguis,
Scapania crassiretis, Calycularia laxa; Dikson district, “Le-
dyanaya bukhta”, 74°28'50" N, 99°45'24" E, 20.VII.2004
V.E.Fedosov [KPABG 107969] with Pseudotritomaria hetero-
phylla, Blepharostoma brevirete, Mesoptychia heterocolpos,
Trilophozia quinquedentata; Dolgano-Nenets Autonomous
Okrug, foothills of Byrranga Mountain Ridge, boulder fields
of dolerite shales, on fine earth under rock, 74°27'59" N,
99°47'25"E, 30.VIL.2004 V.E.Fedosov [KPABG 107960] with
Anthelia juratzkana, Blepharostoma brevirete; Pseudotritomar-
ia heterophylla; the slope in Kotuy River lower course, near
Khatanga settlement, 71°12'00"N, 102°37'00"E, 24.VIII.2013
V.E. Fedosov [KPABG 117025] with Blepharostoma brevirete,
Republic of Sakha (Yakutia), Lena River Delta, near Bragi-
no Village, left bank of Olenekskaya bayou, polygonal tundra-
boggy complex, 20. VIII.1979 V.R. Filin [KPABG 124398, gyn.],
with Mesoptychia sahlbergii, Blepharostoma brevirete, Aneu-
ra pinguis; ibidem, in cracks between polygons, 20. VIII.1979
V.R Filin [KPABG 124397, andr.], NORWAY: Svalbard, Dick-
son Land, 79°2'16" N, 15°35'20"E, 04.VIIL.1973 A.A. Frisvoll
[KPABG 122667 duplicate from TRH 732314] mixed with Ble-
pharostoma brevirete, Mesoptychia collaris.

Variation. The nucleotide sequence variability is quite
low in all studied specimens of Cryptocolea. It does not
exceed 1.9% in ITS1-2, 0.2% in trnL-F and 0.2% in rbcL
(Table 2a, b). The only exception is the specimen from
Taimyr (KPABG 124714), which differs from others in
7.1-7.6% in ITS1-2, 1.9-2.1% in trnL-F and 0.7-0.9%
in rbcL, which is significantly lower than in the phylo-
genetically close genera Southbya and Gongylanthus. The
species divergence within Southbya and Gongylanthus
is more evident from both chloroplast loci, than the di-
vergence of one Taimyr specimen (KPABG 124714) of
Cryptocolea imbricata from the other six specimens gath-
ered in remote localities. The rate of mutations varied in
nuclear and chloroplast genome, the data concerning vari-
ability in the phylogenetically closed taxa are fragmen-
tary, thus the taxonomical separation of the Taimyr spec-
imen (KPABG 124714) from molecular evidence appears
to be premature.

Morphologically, the specimen from Taimyr KPABG
124714 differs in very small size, just 0.4—-0.5 mm wide
and 1-1.5 (2) mm long; numerous very long and dense
rhizoids throughout the length of plant; minute trigo-
nes; transversely elliptical, much smaller than in other
studied specimens leaves which are 600-550 um wide
and 400—450 um long; and almost not differentiated cells
of leaves that are quite large from the margin to the mid-
dle, ca. (25) 32x(30) 35-37 um, and just slightly larger
at base where single cells can be 25-30x37—45 um.

At this stage, we are reluctant to describe a new spe-
cies based on one, quite poor specimen. Nevertheless,
we consider it necessary to pay attention to such deviant
forms by describing them as a separate variety based on
both molecular and morphological differences.

Cryptocolea imbricata var. minima Konstant., Vil-
net et Mamontov, var nov.

Diagnosis. Cryptocolea imbricata var. minima is
characterized by very small size of plants, numerous very
long and dense rhizoids, transversely elliptical leaves with
cells of leaves almost not differentiated, female bracts
not reflexed, and in differentiation in ITS1-2, trnL-F and
rbeL nucleotide sequences.

Holotype: RUSSIA: Krasnoyarsk Territory, Taimyr
Peninsula, Bataika river valley, spotty Carex arctisibiri-
ca-lichen moss tundra, 71°12'48"N, 92°41'26"E, 29 July
2021, with Trilophozia scitula, Anthelia juratzkana, E.D.
Lapshina 213E/4-3-21 [KPABG 124714]. Other speci-
mens examined: Yamalo-Nenets Autonomous Okrug
(Yugra), Nadymskiy District, dwarf shrub-lichen spotty
tundra, on clay spot, 66°32'25"N, 73°52'9"E, 06.VII1.2019,
E.D. Lapshina 385E/3-4-19 [KPABG 124450].

Etymology. The name reflects the very small size of
plants.

The variety can be separated by the key below:

1. Plants medium-sized, shoots (0.7)0.8—1.3 mm wide
and more than (4)5 mm long; leaves orbicular to
broadly ovate, cells along margins and in upper part
of leaf 20-25 um, smaller than mid-leaf cells. ......

.......................................................... var. imbricata

—  Plants small, shoots 0.4-0.5 mm wide and 1-2 mm
long; leaves, transversely elliptical up to 0.5-0.6 mm
wide and just 0.4 mm long; leaf cells not differenti-
ated, large, ca. 25-32%(30) 35-37 wm, including leaf
F1F: 41 s DS var. minima

Differentiation. Cryptocolea imbricata is a quite
distinct species. Female plants of the species differ from
all other species with rounded, non-serrated leaves in
having characteristic inflorescences, which form com-
pact heads of closely imbricate, concave leaves, with the
apical and marginal part of bracts often patent to reflexed.
One of the most important features distinguishing this
genus from the species of other genera with undivided
leaves is the rudimentary perianth completely hidden in
the bracts. Oil-bodies are quite characteristic, composed
of many granules that never occur in any species of Sole-
nostomataceae. It is more difficult to distinguish male
plants; they are often differing, having quite specific
bright golden brown to bright or dark bronze color, sau-
cer-shaped, concave leaves, relatively large leaf cells, and
pleasant smell of essential oil and relatively long persis-
tent oil bodies composed of granules of various size. For-
tunately, female plants occur in many specimens.

Ecology. The species occurs in wet calcareous sites
both in lowland and mountain tundra belt. In the alpine
belt of northern mountains the species grows on humus-
covered or calcareous moist basic rocks, at base or in
crevices of rocks where it occurs mostly mixed with oth-
er bryophytes, but can sometimes form almost pure mats,
as e.g. in the Kamchatka Peninsula and the mountains
of South Siberia. Its associates are other not common
liverworts like Gymnomitrion revolutum, Radula prolif-
era, Pseudotritomaria heterophylla, Frullania subarcti-
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ca, or in moist calcareous sites in northern regions wide-
spread and more or less common Calycularia laxa, Me-
soptychia heterocolpos, M. sahlbergii, Scapania cras-
siretis, Trilophozia quinquedentata, Blepharostoma
brevirete, etc. In “difficult” habitats such as spots in spot-
ted dwarf shrub-lichen or moss lichen tundra with low
moisture the species occurs as the small dwarf variety
minima. In such sites the described variety occurs as iso-
lated scattered shoots among other bryophytes, e.g., Tri-
tomaria scitula, Anthelia juratzkana, and Jungerman-
nia sp.

Distribution. Cryptocolea imbricata was described
by Schuster (1969) from an isolated location in Minne-
sota and then recorded by him from one station in Mich-
igan and many localities in Ellesmere Island and Green-
land (1. c.). The species was later found in Alaska (Steere
and Inoue, 1978), Northwest Territories of Canada (Dam-
sholt, 2007), a single locality in Europe (northern Swe-
den, Schuster & Martensson, 1978), one in Svalbard (Fris-
voll & Elvebakk, 1996) and many localities in Asia, in-
cluding its northern part (Konstantinova et al., 2009,
Schuster & Konstantinova, 1996; Fedosov ef al., 2015;
Fedosov et al., 2020; Konstantinova et al., 2023), moun-
tains of Yakutia (Sofronova, 2018), South Siberia (Ma-
montov, 2013), and Far East of Russia (Bakalin, 2010,
2015, Bakalin et al., 2021) ( Fig. 6). The species occurs
from almost sea level in the tundra zone, e.g. in the Ya-
mal Peninsula (Potemkin, 1993) up to 2000 m alt in the
Kodar Range and Tardoki-Yani Mountains (South Sibe-
ria, Bakalin, 2015) or Kamchatka Peninsula (see speci-
mens examined).

Thus, Cryptocolea imbricata can be characterized as
an arctomontane, almost circumpolar species.

DISCUSSION

Cryptocolea imbricata was described relatively re-
cently, in the middle of the 20th century, and was for a
long time known only from the north of North America,
Greenland and Ellesmere Island (Schuster, 1969). Like
a number of other liverworts described by Schuster from
North America and Greenland (e.g. Pseudotritomaria
heterophylla (R.M. Schust.) Konstant. et Vilnet, Lophozi-
opsis polaris (R.M. Schust.) Konstant. et Vilnet, Frulla-
nia stylifera (R.M. Schust.) R.M. Schust., etc.), Crypto-
colea imbricata turned out to be widespread in northern
Asia what has been revealed in the course of intensive
collecting liverworts in the last 40 years. The results ob-
tained in this molecular study had shown the artificiality
of placing the genus in the family Solenostomataceae and
directed our attention to a number of morphological fea-
tures that had been overlooked earlier. Meanwhile, these
features are obviously important, since they are associat-
ed with the protective organs of archegonia, as well as
with the sculpture of spores. Thus, in the Solenostomata-
ceae to which Cryptocolea was previously assigned, the
perianthium is always well developed and more or less
protruding from bracts. In Cryptocolea, the perianthium

is rudimentary and totally hidden in the bracts. Schuster
(1969: 895) stressed the “rather complex” development
of gynoecia and noted that “no trace of any structure that
can be certainly identified as the perianth is evident at
the time of fertilization”. We did not find structures sim-
ilar to perianths either in the only specimen with mature
sporophyte we examined, or in the studied specimens
with unfertilized archegonia. This is completely unlike
the well-developed, more or less long perianths inserted
from bracts in Solenostomataceae; however, it is quite
similar to the perianths of Southbyaceae, which are poorly
developed, mostly bilobiate, shorter than bracts. Anoth-
er feature never found in the Solenostomataceae, but char-
acteristic of the Southbyaceae is the peculiar margin of
female bracts. In Cryptocolea female bracts bear slime
papilla and sometimes single one celled teeth along mar-
gins; this places it closer to Southbya with its dentate
margin of female bracts. In our opinion a very important
feature is the surface of spores, in particular, the combi-
nation of worm-like and granular surface both in South-
bya (compare, Paton, 1999: 430, Fig.212) and Crypto-
colea; it is quite different in Solenostomataceae with its
minutely papillose spores. All these morphological fea-
tures confirm the unnatural position of Cryptocolea in
the Solenostomataceae and are consistent with the re-
sults of molecular phylogeny.

The main drawback of our study is that we have not
been able to obtain fresh material of this species for se-
quencing from America, from where the species was de-
scribed. Given the characteristic appearance of the spe-
cies, its generally insignificant morphological variabili-
ty, it can be neglected at this stage. However, it is neces-
sary to keep this in mind and molecular study of speci-
mens of Cryptocolea from America is necessary. Anoth-
er, no less interesting area of future study is the purpose-
ful integrative study of Cryptocolea specimens from bare
soil in spotted tundra. Apart of type, one specimen from
Nenets Autonomous Okrug [KPABG 124450] was re-
ferred by us to var. minima but on the basis of morpho-
logical features only. This specimen contains just several
very small plants mixed with other species and very tight-
ly pressed to the substrate, so we have not sequenced it.
Apparently, the spots in the spotted tundra are quite a
characteristic habitat for var. minima. And perhaps also,
given the level of genetic divergence, the variety deserves
to be separated into a distinct species. However, further
research is needed to verify this idea. In general, the di-
versity of liverworts on spots in spotted tundra is greatly
underestimated; it concerns species of the genera Nar-
dia, Solenostoma, and Marsupella. In the specific con-
ditions of such habitats, species often have an extremely
uncharacteristic appearance. The question is how much
it is fixed genetically. The problem lies in the complexity
of studying such habitats, both due to the inaccessibility
of these locations, and in huge diversity of such sites, as
well as a significant variability of conditions even within
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one area. It would seem that molecular genetic methods
can solve at least some of these problems, however, the
use of an integrative approach is very much limited by
the lack of verified data of the most Arctic and Arctic-
montane species.
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