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Abstract

Branch primordia of Leucodon and Pterogoniadelphus are studied, and their
structure is found to be very similar to that of Brachytheciaceae and Meteoriaceae.
The first branch leaf points downwards, although the first division of the branch
initial cell cuts off the first merophyte in the “four o’clock” position, i.e. in the same
way as in other mosses. One difference from Brachytheciaceae is that the first branch
leaf is often split into a number of lobes in some species, including the widespread
Leucodon sciuroides, obscuring the specific position of this leaf. Possible reasons
of this anomalous pattern are discussed.

Pesiome

VI3y4eHbl paHHHE CTaUH Pa3BUTHS BETOUYEK ponioB Leucodon n Pterogoniadelphus,
y KOTOPBIX BBISBIEH aHOMAJIGHEIN THII, paHee H3BECTHBII ToNbKO y Brachytheciaceae
Meteoriaceae. [1epBbIii pa3BUTHIH JINCT pacHoaraeTcst BBIIIE 3a4aTKa BETOYKH 0 CTEOITI0
1 o0pallieH CBOeH BEepXyIIKOH K OCHOBaHMIO cTelist. [Ipu aToM, oiHaKo, IIepBBIe Mepo-
(UTHI OTIENSIOTCS OT MHULIMAIBHOM KJIETKU BETOYKH B OOBIYHOM JUISI MXOB MOCIIENO-
BaTeNIbHOCTHU, IIPH KOTOPOH IEpBbII U3 HUX OKa3bIBacTCsA B MOJOXKeHUH “4 yaca”. B
ommune ot Brachytheciaceae, y Leucodon nepBblii BETOUHBIH JIICT YacTO pa3ieneH Ha
JIBE WK OoJblee KOIMYECTBO JONEH, YTO 3aTPyIHIET HHTEPIPETALHIO HaOIronaeMoit
KapTHHBI pa3BUTHsL. OOCYKIAIOTCSI BO3MOXKHBIE IPHYMHBI AaHOMAJIEHOTO Pa3BUTHS B STUX
rpyIIIax, KOTOPBIE, BEPOSITHO, 00YCIIOBIICHBI CXOJICTBOM YCIIOBHH OOUTaHHSI.

KEYWORDS: anatomy, branching, Bryophyta, development, Leucodon, systematics

INTRODUCTION

The present paper continues our study on the
structure and development of branch primordia
in pleurocarpous mosses, which appears to be
valuable for systematics, especially in
Brachytheciaceae and Meteoriaceae, where the
first branch leaf (‘pseudoparaphyllium’) is
pointed downwards (Ignatov, 1999), contrary to
the most common pattern where the first branch
leaf is lateral, designated by Ignatov & Hedenés
(2007) as the “four o’clock” position.

Providing a list of pleurocarpous moss spe-
cies with and without ‘Brachytheciaceae-Meteo-
riaceae’ pattern, Ignatov (l.c.) did not mention
Leucodon, as previous observations on Leucodon
sciuroides with light microscopy provided con-
troversial results. Some buds looked having the
first branch leaf in a position similar to Bra-
chytheciaceae, while others had leafy structures
in upper-lateral position, and rarely in a “four
o’clock” position. Thus the case of Leucodon is
investigated in detail here.
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Fig. 1. Eearly stages
of branch develop-
ment in most pleuro-
carpus mosses: a
schematic summary
of Leitgeb (1868) and
Berthier (1971).
F1-4 — order of
stem leaves; * —branch
initial cell, later — api-
cal cell of branch, 1-3
— order of branch )
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MATERIAL AND METHODS

Note that the posi-
tion of branch leaf 1 is
about ‘four o’clock’

Taxa selection

The study was concentrated on Leucodon, but
other genera of the Leucodontaceae were studied
as well. Goffinet et al. (2009) include in this fami-
ly Antitrichia, Dozya, Eoleucodon, Leucodon,
Pterogoniadelphus (as Felipponea), Pterogoni-
um and Scabridens. Two of them, Foleucodon
and Scabridens, are rare plants from Polynesia
and South China, and they were not included in
the present study due to lack of material. Antitri-
chia, Dozya, and Pterogonium, according to pre-
liminary observations, were found to be quite dif-
ferent from Leucodon and Pterogoniadelphus,
thus they are only briefly discussed and not illus-
trated. Specimen data are given in Appendix 1.

SEM observations

Branch primordia of Leucodon and Pterogo-
niadelphus were studied with SEM LEO-430 on
shoots from herbarium collections after leaf re-
moval and cover by gold.

Anatomy

For the anatomy study of Leucodon sciuroi-
des, the stem apical parts of ca. 5 mm length were
isolated, cleared from leaves, and fixed in 4%
glutaraldehyde for 5 days, post-fixed with 1%
osmium tetroxide in Na-phosphate buffer, pH 6.8,
for 10 hours. The material was then dehydrated
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in 70% ethanol, stained in uranil-acetate (2% so-
lution in 70% ethanol for 10 hours), and then
dehydrated through a graded ethanol/acetone se-
ries to 100% acetone. After that samples were
embedded in araldite 6005 medium, according
to the protocol of manufacturer.

Sections were cut 2 wm thick with glass knives,
and put on glass slides without mounting medium.

Sections were photographed under a Leitz
light microscope. However, in contrast with the
previously studied species of Hypnum, Brachy-
thecium, etc., the Leucodon sections appeared
to have highly refractive material of cell walls,
resulting in rather unclear views. Thinner sec-
tions of 1 um did not help to obtain better pic-
tures, as well as a number of attempts with a
few other specimens of the same species. So in
addition to pictures in transmitted light (Figs.
8,9 and in part 5, 7) we photographed the same
sections in a Fluorescent microscope Olympus
C41, A = 488, with the berberin staining (cf.
Figs. 4, 6, and in parts 5, 7).

The main studied specimen of Leucodon sci-
uroides was collected in Pskov Province, NW
European Russia, in the end of summer. To ex-
clude a possibility of the branch initial structure
to differ in times of more active growth, we also
studied the anatomy in a number of spring and
early summer collections from different regions
of European Russia (see Appendix). However, all
of them were found to be subidentical to the Psk-
ov specimen (Figs. 2-9) and thus they are not
illustrated here.

Cross sections picture presentation

Note 1. Presented sections are all 2 um thick.

Numbers of pictures correspond to the sec-
tion numbers and do not always go in order, as
some sections in a series are omitted. This al-
lows to understand how many microns are be-
tween the shown sections.

Note 2. In case the two types of images, from
light and fluorescent microscopy, highlight dif-
ferent details, both of them are presented. Such
pictures have the same number, but marked by
‘a’, e.g. 1 and la.

RESULTS
SEM observation shows that the first branch
leaf in Leucodon sciuroides is pointed down-
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ward (Fig. 2: 7/-8). Unlike Brachytheciaceae,
where the apex of this first leaf is triangular and
clearly seen above the bud, the first branch leaves
in L. sciuroides are variable. Most buds are al-
most totally covered by a very big, cucullate leaf
(Fig. 2: 2-4), so its upper end is not clearly seen
in a light microscope, and in addition in many
cases the upper leaf is laciniate or lobate (Fig.
2: 5-8), the lobes being broad to subulate. In
exceptional cases a bud may have a big lateral
leaf, in a position ‘four o’clock’ (or ‘mirrored four
o’clock’), cf. Fig. 3: 1, or very low foliose struc-
ture in the same ‘four o’clock’ position, Fig. 3: 2.

Leucodon pendulus (Fig. 3: 3-5) has a less vari-
able shape of buds. The first branch leaf orientation
is the same. In many buds in this species we ob-
served the first branch leaf sometimes reflexed in
its lower part (Fig. 3: 3), but shortly above turning
to a position similar to other leaves covering dor-
mant bud. The same pattern has been seen in L.
sciuroides, though infrequently (cf. Fig. 9: 1, 6, 8).

Pterogoniadelphus (Fig. 3: 6-7) is similar to
L. pendulus: most of its leaves are triangular and
point downwards, although broad lobes are oc-
casionally present (Fig. 3: 6).

Observation on other species of Leucodon
under the light microscope showed a principal-
ly same pattern. The medium-size species simi-
lar to L. sciuroides (L. brachypus, L. immersus,
L. coreensis) have first branch leaf at least some-
times split. In slender plants (L. flagellaris), as
well as in robust ones (L. dracenae, L. mac-
rosporum, L. sapporense), the first branch leaf
is more regularly triangular, similar in this re-
spect to L. pendulus and Pterogoniadelphus.

Anatomy

Stem apex is quite broadly acute, and its sides
form an angle of ca. 90°. Apical cell is ca. 75 pm
long and 25 um wide. Its shape is elongate ellipsoi-
dal rather than tetrahedral. Leaves are differentia-
ted early: at 10-15 um from apex leaves are already
differentiated as small hillocks (Fig. 4: 1-4).

Branch initial cells are apparent since ca. 30-
40 um from the apex, and at the level of its base
are represented by at least four cells (Fig. 4: 2-3)

The section subtransversal to branch axis at
the stage of differentiation of the third merophyte,
ca. 80 um from apex (Fig. 5), shows the stan-
dard pattern of the branch initial differentiation,
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where the first merophyte cell appears in a ‘four
o’clock position’. The second merophyte cell
appears in a lower-lateral position, ‘eight
o’clock’, and the third one is in ‘twelve o’clock’,
although deformation due to pressure from leaves
makes these positions inexact. The leaf spiral in
pleurocarps can be dextrose or sinestrose, so the
position of the first merophyte in ‘four o’clock’
is mirrored in some shoots into ‘eight o’clock’
(e.g. in Fig. 5), which however is still called here
as ‘four o’clock’.

A series of subtransverse sections of branch
at a later stage, 100-150 mm from apex, is pre-
sented in Fig. 6 (sections are slightly oblique, as
shown in scheme Fig. 6-A).

Since the second youngest merophyte from
apical cell (#9 in Fig. 6: 2), the leaf margins
deviate from the branch surface, and since the
fifth merophyte (#6 in Fig. 6) leaf laminae are
spaced from neighboring leaves at least at a cer-
tain distance.

The outermost leaf with developed leaf lami-
na is #3 in Fig. 6, and it is situated in a ‘twelve
o’clock’ position. Cells outside the leaf #5, cor-
responding to merophyte #2, are apparent in some
sections (e.g. Fig. 6: 5, 10). Cells corresponding
to merophyte #1 are not always apparent with
confidence, because of a somewhat oblique posi-
tion of sections (cf. Fig. 6-A). However, at least
in Fig. 6: 1-2, cells between stem leaf and branch
leaf #4 cannot be interpreted as anything else but
merophyte #1.

Longitudinal section of one branch primor-
dium at ca. 100 um from apex is shown in Fig.
7. At this stage branches have three differentiat-
ed merophytes composed by several homogeneous
cells each, while the raisings along the sides of
apical cell indicate three more merophytes (two
of them seen in Fig. 7: 3a). Apical cell is not
covered by branch leaves at this stage. The se-
cond merophyte (#2 in Fig. 7: 3a) does not rise
above the stem surface, while the third one (#3
in Fig. 7: la and 3a) is raised by just half cell,
but still higher than the second and first (the lat-
ter not shown).

Another series of sections transversal to stem
and longitudinal to branch primordia (Fig. 8)
shows the stage where the branch has only one
leaf that is seen in sections in Fig. 8: /-4, i.e.

cont. p. 148
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Fig. 2. Branch primordia of Leucodon sciuroides; the outermost developed leaf points downwards, being en-
tire, figs. 1-4, or variously split, figs. 5-8. Scale bar for all pictures 50 wm.
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Fig. 3. Branch primordia, showing variation (1-2, 8-9 — Leucodon sciuroides; 3-5 — Leucodon pendulus; 6-
7 — Pterogoniadelphus montevidensis). Arrowed: in 1 — well developed lateral leaf corresponding to the first
leaf (cf. scheme in Fig. 1, page 96); in 2 — additional foliose structure in 4 o’clock position, corresponging to
second leaf (cf. cited scheme); in 9 — the angle of the first developed leaf (corresponding to the third leaf, cf.
cited scheme) overlaying the lateral leaf. Scale bars 50 um for 1-8; 20 um for 9.
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Fig. 4. Longitudinal sections of the stem apical cell of Leucodon sciuroides, scale bar 50 um. Arrowed are
branch initials / primordia.

Fig. 5. Transmitted light and fluorescent images of subtransverse section of branch primordium of Leucodon
sciuroides, at the stage of differentiation of third merophyte. Scale bar 50 wm. The first merophyte is smaller
than the second one due to not exactlty transversal section. Note a rather poor fluorescence of the recently
formed cell walls, comparatlvely with their expression in transmltted hght

s
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Fig. 6. Subtransversal sections of branch primordium of Leucodon sciuroides at
the stage of differentiation of 10th merophyte. 2°, 5°, 10° schemes show sections
with the correspoding numbers. The first developed branch leaf (#3) occurs in posi-
tion above the bud along the stem. The second branch merophyte cells (#2) do not
raise above stem surface; they are apparent in 2, 5, 9. Scale bar 50 um. The sections
are slightly oblique, as shown in scheme A.
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Fig. 8. Series of sections transversal to stem and longitudinal to branch primordium of Leucodon sciuroides
at the stage of differentiation of ca. 6th merophyte. The leaf blade is differentiated in only one leaf (arrowed)
that is situated above the bud along stem. Scale bar 50 um. Axillaxy hairs are marked by asterisk (in 4).

Fig. 7 (opposite page). Longitudinal sections of the branch primordium of Leucodon sciuroides at the stage
of differentiation of 6th merophyte. Scale bar 50 um. Merophyte numbers are showin in 3a.
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Fig. 9. Longitudinal sections of branch primordium of Leucodon sciuroides (ca. 200 wm from apex) show-
ing the reflexed first developed branch leaf (corresponding to third leaf, cf. scheme in Fig. 1, page 140).

closer to stem apex. This leaf is reflexed from its
base, which agrees with the shape of this first
developed leaf (cf. Figs. 3: 3 and 9). In robust
species of Leucodon, e.g. in L. dracaenae (not
shown), the first branch leaf in many buds is also
often reflexed from base and keeps this direc-
tion, because the whole bud has a narrow angle
with the stem, being strongly pressed to the lat-
ter by stiff erect-appressed leaves.

DISCUSSION

Obtained results show that the Brachytheci-
aceae-Meteoriaceae pattern of leaf arrangement
around branch primordia is not unique, as has been
suggested by Ignatov (1999). At the same time,
our previous hypothesis on this pattern being a
result of the first two branch leaves reduction (Spi-
rina & Ignatov, 2005) obtains additional support.

One possible explanation of this reduction can
be in epiphytic environments where plants are
facing a necessity of very rapid development with-
in a short period of time after being moistened
by rain or heavy mist or dew. Buds in Leucodon
and Pterogoniadelphus, as well as in Brachythe-
cium start to develop earlier than e.g. in Callier-

gon (Spirina & Ignatov, 2005) or Amblystegium
(Spirina & Ignatov, 2008), so they reach the foli-
ose stage being strongly pressed by surrounding
leaves. This pressure may simply preclude the
development of lateral leaves. Otherwise, the
immediate coverage by decurrencies of nearby
leaves (cf. Fig.2: 1) protects the young bud effi-
ciently enough, making some of its own protec-
tive structures superfluous.

The Leucodontaceae species are almost all epi-
phytes, as well as the Meteoriaceae. The Brachy-
theciaceae include mostly epigeic plants, although
many smaller genera (4erolindigia, Homalothe-
ciella, Remyella, Clasmatodon, etc.) are epiphy-
tes, and within larger genera there are ephyphytic
lineages (Brachythecium acuminatum (Hedw.)
Austin, Rhynchostegium conostomum (Mont.) Ig-
natov & Huttunen, Homalothecium spp., etc.).

Contrary to changes in the sporophyte struc-
ture of epiphytes (cf. Huttunen et al., 2004), which
seemingly can happen very rapidly in a taxonomic
scale of timing, i.e. at the level of species and
genera, the ‘epiphytic structure of branch primor-
dia’ is more conservative, and, as far as we know,
is a characteristic of the family level.
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Most Leucodon species are xerophytic plants
that grow in places drier that most of the Brachy-
theciaceae, usually in more southern latitudes,
in the environment more suitable for the Meteo-
riaceae than Brachytheciaceae. This fact may ex-
plain a better development of the “first developed’
(e.g. the homologous of the third) branch leaf.
The bigger size and cucullate shape (Fig. 2: 2-4)
is also known in Meteoriella, Pseudospiriden-
topsis and some other Meteoriaceae (cf. Ignatov,
1999, Fig. 3A and 3C).

Observation on other species of Leucodon
indicates that all of them have a similar struc-
ture. A more regular ‘Brachytheciaceac & Me-
teoriaceae pattern’ is observed in either slender
plants with distantly arranged leaves, e.g. L. pen-
dulus, L. flagellaris, or otherwise in especially
robust species with a larger stem diameter, L.
dracenae, L. macrosporum, L. sapporense. It
seems that in these cases the juvenille branch is
less affected by surrounding leaves, comparatively
with medium-sized species which more often
have a laciniate dissection of the first branch leaf.
However, studied material is not enough for any
conclusions about details of this leaf splitting.

COMMENTS ON THE VOLUME OF
LEUCODONTACEAE

Observation on Antitrichia, Pterogonium and
Dozya, referred to the Leucodontaceae by Goffi-
net et al. (2009) found the first branch leaf in the
‘four o’clock’ position in these genera. Molecu-
lar phylogenetic data also mostly support the re-
mote position of the two former genera from
Leucodon. Antitrichia has been found in a posi-
tion closer to the Hylocomiaceae than Leucodon-
taceae by Gardiner et al. (2005) and Ignatov et
al. (2007), and the genus was placed in a sepa-
rate family Antitrichiaceae (Ignatov & Ignatova,
2004). Tsubota et al. (2004) data are in agree-
ment with its position far from Leucodon.

Pterogonium was resolved in the analysis by
Troitsky et al. (2007) in the clade composed most-
ly by the Lembophyllaceae.

Dozya and Pterogoniadelphus were found in
one clade with Leucodon by Tsubota et al. (2004),
while the analysis of Cox et al. (2010) found two
former genera fairly unrelated, with Leucodon
unstudied. The position of Dozya needs further
study: superficially this genus is very similar to
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Leucodon, but the presence of the costa, specific
peristome structure (Akiyama, 1987), and the first
branch leaf in a ‘four o’clock’ position makes it
rather distinct from Leucodon.

The genus Alsia was placed in the Leucodon-
taceae by Frey & Stech (2009). The first branch
leaves are in the lateral position in this genus,
which in addition to numerous paraphyllia makes
its position close to Leucodon unlikely.

FEoleucodon and Scabridens both have costa,
and their placement in Leucodontaceae requires
confirmation. Thus, the Leucodontaceae includes
definitely only two genera: Leucodon and Ptero-
goniadelphus.
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Appendix 1. Specimens studied (all from MHA)

Leucodon sciuroides (Hedw.) Schwigr.

L. sciuroides
L. sciuroides
L. sciuroides

Leucodon sciuroides

Leucodon pendulus Lindb.

Pterogoniadelphus montevidensis
(Miill. Hal.) M. Fleisch.

Anatomy
[shown in Figs.2-9]
European Russia, Pskov Province, 16.VIIL.2005, Afonina s.n.
[not shown in paper]
European Russia, Orenburg Province, 1.V1.2004, Zolotov & Spirina
European Russia, Smolensk Province, 19.VI1.2007, Ignatov
European Russia, Kaluga Province, 20.V.2007, Ignatov & Teleganova

SEM study

European Russia, 16.VIII.2005, Afonina s.n.
Russian Far East, Ignatov & Ignatova #06-3517

Brasil, J.-P. Frahm, 1693

Light microscope observations on branch primordia

Dozya japonica Sande Lac.
Pterogonium gracile (Hedw.) Sm.
Alsia californica (Hook. & Arnott)

Antitrichia curtipendula (Hedw.) Brid.

Leucodon brachypus Brid.
Leucodon coreensis Cardot

Leucodon immersus Lindb. ex Broth.

Leucodon sapporense Besch.
Leucodon dracenae Solms et Vent.

Leucodon flagellarus Lindb. ex Broth.

Leucodon julacus (Hedw.) Sull.
Leucodon macrosporus Williams

First branch leaf in a lateral position

Russian Far East, Bakalin #41-25-07
U.S.A., 11.Aug 1989, Ignatov s.n.
U.S.A., 9.Aug 1989, Ignatov s.n.
Russia, 5 May 2005 Ignatov & Ignatova

Sull.

First bracnh leaf pointed downwards

U.S.A., Glenn Adelson #054

Russian Far East, Ignatov #07-501

Russia, Caucasus, Ignatov & Ignatova #09-48
Japan 10.I1X.1978 Osada & Muramutsu s.n.
Tanzania, Pocs & S. Chuwa 88285/AD

Russia, Caucasus, Ignatov & Ignatova #05-3564
U.S.A., Vitt #33710

Panama, Davidse & D Arcy #10206N



