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BRANCH DEVELOPMENT AND PSEUDOPARAPHYLLIA OF
HYPNUM CUPRESSIFORME (HYPNALES, MUSCI)
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HYPNUM CUPRESSIFORME (HYPNALES, MUSCI)

ULYANA N. SPIRINA! & MICHAEL S. IGNATOV?2
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Abstract

Foliose and subfilamentose structures around branch primordia are studied in
Hypnum cupressiforme and Amblystegium serpens. In the former species the branch
primordia are surrounded by subfilametnose structures of problematic homology,
while in the latter they are surrounded by the proximal branch leaves arranged ac-
cording to the pattern most common in pleurocapous mosses. Series of cross sections
of 2 um thick were used to study their early stages of development. Results demon-
strate that the branch primordium in Hypnum has at the earliest stages the same de-
velopmental pattern as that in Amblystegium, but three to five proximal branch leaves
soon become split into narrow lobes. Some lobes may appear at a certain distance
from the branch primordium. The splitting of one proximal branch leaf occurs in
Amblystegium only occasionally. The principal difference between the proximal and
more distal branch leaves seems to be absent, thus the segregation of pseudoparaphyllia
as a separate morphological structure seems unnecessary, despite the former may
have contrastingly different shape.

Pesrome

W3ydensl paHHHe CTajiuu Pa3BUTUs BeTouek y Hypnum cupressiforme u
Amblystegium serpens. 3a4aTKu BETOYEK MEPBOrO BHJA OKPYXKEHBI Y3KUMHU
JIUCTOTIONOOHBIME O0OPA30BAHUSAMHI HE BIIOJIHE TIOHSTHOM TIPUPOJIBI, B TO BPEMs KAk
BTOPOU BUJ IMEET PACIIONIOKEHHUE TIEPBBIX JINCTHEB BOKPYT 3a4aTKa BETOUKH THITHIHOE
JUTsL GOIBITMHCTBA OOKOIUIOAHBIX MXOB. Ha cepusix cpe3oB TONIMHOM 2 im U3ydYeHbl
paHHUE CTAIMU Pa3BUTHS BETOYEK OOOMX BHUJOB. BBISCHEHO, YTO y3KO JIMHEHHBIE
‘nceBnonapaduun’ Hypnum cupressiforme GOpMHPYIOTCS U3 M3HAYAIBHO
HOPMAaJIbHO Pa3BHBAIOIIMXCS 3a4aTKOB JIMCTHEB, KOTOPBIE, OJIHAKO, BCKOPE Pa3/IeIsIIOTCS
Ha y3KHe J0JM, 0. 4. B OJHY KJIETKY MIMPUHON. AHAIOIMYHBIE Pa3pPBIBBI MEPBHIX
BETOYHBIX JINCTHEB y Amblystegium serpens peiku U HAXOIATCS TIPEUMYIIIECTBEHHO B
MecTax, rjie uiet 0oee akTuBHOE pactsukeHue. CylieCTBEHHbBIX OTIIMYMI B 3aKJIAJIKE
U paHHEM Pa3sBUTHH Pa3BUTHH IEPBBIX BETOYHBIX JIUCTHEB [0 CPABHEHHIO C
TOSIBIISIFOIIIMHECSE TI03KE HE OTMEUYEHO, XOTsI (hOpMa HX MOXKET 3HAYUTENIHHO OTIINYATHCS.
TeM He MeHee, DTO OTIUYUE BPSJ JIM SIBJISETCS OCHOBAHUEM JUIS BBIAEICHUS
riceBonapaduiUInii Kak CaMOCTOATEILHOU MOP(OIIOTHIECKON CTPYKTYPBI.
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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 ini-
tial cell, later — apical
cell of branch, 1-3 —
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Note that the posi-
tion of branch leaf 1 is
about ‘four o’clock’

INTRODUCTION

The branch primordia in most pleurocarpous
mosses are covered by foliose or subfilamentose
structures, usually called “pseudoparaphyllia”,
although an extensive discussion on their defini-
tion, homology and, consequently, also the prop-
er terminology continues (Iwatsuki, 1963; Akiya-
ma, 1990a,b; Akiyama & Nishimura, 1993; Igna-
tov, 1999; Ignatov & Hedenis, 2007).

Spirina & Ignatov (2005) compared pseudo-
paraphyllia in two genera of pleurocarps, Brachy-
thecium and Calliergon. They found that the se-
quence of the first cell divisions and the earlier
stages of development is similar, but the first and
second pseudoparaphyllia remain not developed
in Brachythecium, thus, resulting in a contrast-
ingly different pattern of their arrangement around
the branch primordia (Ignatov, 1999). The simi-
lar development of first and subsequent branch
leaves indicates that either pseudoparaphyllia
shoud be considered as absent in these two gen-
era, or they are nothing but somewhat modified
proximal branch leaves, and in the latter case are
maybe not worth recognition as a separate mor-
phological structure.

In the present paper we continue to study cas-
es of the arrangement of foliose and subfilamen-
tose structures around branch primordia that de-
viate from the most common pattern, called the
“first pseudoparaphyllium in a “four o’clock™ po-
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sition’, as it appears laterally and somewhat be-
low the middle of branch primordium (Figs. 1, 2:
2,2:4,2:6).

Hypnum cupressiforme Hedw. is unusual
among most of the north-temperate pleurocar-
pous mosses being described as having very nar-
row ‘pseudoparaphyllia’ around branch pimor-
dia (Figs. 2: 1, 2: 3, 2: 5, 2: 7). This character is

3 stable and has been included in identification
keys of handbooks and floras, especially for sep-
aration of this species from the superficially sim-
ilar Stereodon vaucheri (Lesq.) Lindb. ex Broth.
(=Hypnum vaucheri Lesq.), the latter having
ovate-triangular ‘pseudoparaphyllia’.

Some authors noted also that in addition to
filamentose ‘pseudoparaphyllia’, Hypnum cu-
pressiforme also has forked ‘pseudoparaphyllia’
(e.g. Ando, 1989).

The immediate aims of this study is to find
out the homology of narrow ‘pseudoparaphyllia’
of Hypnum cupressifome, and also the homology
of an enigmatic filamentose structure often (al-
though not always) observed in a position lateral
to the main group of ‘pseudoparaphyllia’ (arrowed
in Figs. 2: 3,2: 5, 2: 7). For this, we compare the
early stages of the branch primordia development
in Hypnum with that in Amblystegium serpens
(Hedw.) Bruch et al., where one outer ‘pseudopara-
phyllium’ is often divides into two subequal (Fig.
2: 2) or unequal (Fig. 2: 6) lobes.

MATERIALS AND METHODS

Specimens of Amblystegium serpens (Mos-
cow, Main Botanical Garden, coll. Spirina
4.X.2008, and 1.IV.2009) and Hypnum cupressi-
forme (1 — Stavropol Territory, V-2006, coll. Zo-
lotov, MHA; 2 — Leningrad Province, VI-2008,
coll. Zolotov, MHA); and 3) Krasnodar Territory,
Malyj Utrish, 4.V.2005, coll. Ignatov & Ignatova,
MHA) were studied. As the variation between
specimens of one species was found not exceed-
ing that within specimen, the following data are
referred just to species.

Stem apical parts of ca. 5 mm length were iso-
lated, and after removing the external leaves, were
fixed in 4% paraformaldehyde in Na-phosphate
buffer, pH 7.0, for 12 h. Some specimens of Hyp-
num cupressiforme were fixed in 4% glutaralde-
hyde for 5 days, post-fixed with 1% osmium
tetroxide in Na-phosphate buffer, pH 6.8, for 10
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Fig. 2. Branch primordia of Hypnum cupressiforme
(1, 3,5, 7) and Amblystegium serpens (2, 4, 6). Arrows
indicate forked proximal branch leaves in Amblystegium,
while in Hypnum arrows point single ‘pseudopara-
phyllium’, growing somewhat distantly from the main
group of subfilamentose structures aboud branch pri-
mordium.




142 U.N. SPIRINA & M. S. IGNATOV

iy e

T

r
il

Fig 3. Longitudinal sections of stem apical part of Hypnum cupressiforme (1) and Amblystegium serpens (2).
Upper row presents a series of transverse sections of stem at 14 (g), 18 (i) and 28 (n) wm from apex of Hypnum
cupressiforme; and lower row is the same for Amblystegium serpens, at 14 (g), 22 (k) and 28 (n) um from apex.
Scale bar 50 wm. White horizontal lines in pictures of longitudinal sections indicate approximate level of upper and
lower transverse sections shown above and below. Arrows indicate branch primordia; note the much wider room
for them in Amblystegium.

h. The material was then dehydrated in 70% eth-  ufacturer.

anol, stained in uranil-acetate (2% solution in 70% Sections were cut 2 wm thick with glass knives,
ethanol for 10 h, and then dehydrated through a  put on glass slides without mounting medium and
graded ethanol/acetone series to 100% acetone. photographed under Leitz compound microscope.
After that, samples were embedded in araldite Since the main target of the study was the ar-
6005 medium, according to the protocol of man-  rangement of the foliose structures around the branch
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primordia, we tried to obtain cross sections trans-
verse to the axis of the branch primordia (and more
or less tangential to stem). Sections transverse to
stem (and longitudinal to branch primordium) and
longitudinal to stem (also longitudinal to branch pri-
mordium) were studied as well. Supplementary pho-
tographs were made under SEM LEO-430 and flu-
orescent Olympus C41 microscopes.

TERMINOLOGY

Presenting series, we label individual sections
by letters or number, and the missing of sequen-
tial letter/number means that the corresponding
section is omitted, as uninformative.

The individual leaves and their continuations
within the stem tissues can be delimited on the
cross sections as a groups of cells delineated from
the neighboring ones by more thick cell wall. All
of them will be called ‘leaves’ and numbered ac-
cording to number of cell division that cut off the
corresponding merophyte. Lobes of lacerate leaves
are denoted in letters (cf. Figs. 8, 15). Asterisk (*)
always indicate branch apical cell.

RESULTS

Series of sections are shown in:

— Figs. 5-9: sections transverse to branch pro-
mordium and plus-minus tangential to stem;

— Fig. 3 (G-N) & Figs. 10-17: sections trans-
verse to stem and longitudinal to branch primordia;

—Fig 3 (1-2), Fig. 4 and 18-19: sections lon-
gitudinal to both stem and branch primordia.

Stem apical cell

In Hypnum, the clearly visible cell wall delimits
the stem apical cell together with young cells with
non-contrasted cell walls, thus forming an ‘apical
group’ (Fig. 3: 1). This ‘apical group’ is deeply ‘in-
serted’ in the stem tissue to about 80 um. In Amblys-
tegium, the apical cell was much more difficult to
find in many sections, and it, apparently, easily falls
off during the preparation. In few cases where it was
seen, it is small and not forming a conspicuous ‘api-
cal group’ with other young cells. Cells in apical
part are much more differentiated in Hypnum (Fig.
3: 1, 3: G'-NY), than in Amblystegium (Fig. 3: 2, 3:
G2-N?) where they are essentially parenchymatous.

The early divisions of branch apical cell

The branch primordia become apparent from
the fairly early stage, located ca. 40 mm from apex,
as the branch apical cell becomes enlarged and
divided, cutting off the first merophyte cell by a

Fig. 4. Longitudinal section of stem of Hypnum
cupressiforme, showing rather definite limit (arrows) be-
tween outer cells (derived from the same cell as leaves
and branch primordia) and cells of central part of stem (I
and I, in Frey’s (1970) terminology). Scale bar 20 pum.

characteristic oblique partition (cf. Figs. 5, 20).
The early divisions of branch apical cell have sim-
ilar direction in both Hypnum and Amblystegium,
so the first cell that cut off from the branch apical
cell appears in a position of ‘4 o’clock’ (mirrored
8 o’clock is discussed as 4 o’clock). The subse-
quent cutting off branch leaf initials proceeds in
Hypnum in a clockwise direction, and in Amblys-
tegium in counterclockwise direction (seen from
apex). Later, the second and further cells should
be cut off ‘theoretically’ forming an angle of 135°—
144° from the previous cell, but due to a displace-
ment in the course of branch development, the first
and second leaves appear in fact at a wider angle
(120-150° in Hypnum and 160-190° in Amblyste-
gium ), while the angle between the second and the
third leaves is narrower (90-120° and ca. 90° cor-
respondingly). Later the angle approach to the nor-
mal, 144° for 2/5 spiral and 135° for 3/8 spiral of

leaf arangement (Figs. 8-9).
(cont. on p. 151)
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Fig. 5. Series of 2 um cross sections transverse to branch primordium of Hypnum cupressiforme at 60-70 um
from stem apex. Cells that will develop into three proximal branch leaves are cut off from the branch initial cells
(# F). At this stage primordium is very slightly raised above stem surface. Scale bar 20 wm.
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Fig. 6. Series of 2 um cross sections transverse to branch primordium of Hypnum cupressiforme at 65-80 um
from stem apex. Cells that will develop into 5-6 proximal branch leaves are cut off from the branch initial cells
(# F). At this stage primordium is raised above stem surface to ca.10 um. Note a certain ‘compartmentalization’
in the basal past of the first branch leaf (G-H), compare with the Fig. 8F. Note also a regular subquadrate cells at
the distal side of branch primordium (in F—H). Scale bar 20 um.
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Fig. 7. Series of 2 wm cross sections transverse to branch primordium of Hypnum cupressiforme at 75-90 um
from stem apex. At this stage branch leaves appear above stem surface, and the certain tendency to their splitting
can be seen in the second leaf (arrowed). Scale bar 20 wm.
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Fig. 8. Series of 2 um cross sections transverse to branch primordium of Hypnum cupressiforme at 170-200
wm from stem apex. At this stage proximal branch leaves already appeared above stem surface and first, second,
third and probably the fourth are split into lobes one or few cells wide. Number of branch leaves are shown in F
(note that leaf 4 is only partly seen, being covered by 1b, but its real position is obvious from J). Scale bar 50 um
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Fig. 9. A-L: Series of 2 um cross sections transverse to branch primordium of Amblystegium serpens at ca.
105-130 um from stem apex. At this stage three proximal branch leaves are well differentiated. 1 — section
almost through the stem surface of Amblystegium serpens, showing two branch primordia at 35 and 65 um from
stem apex, the former is at the stage when the first branch leaf initial cut off from branch apical cells. The Scale
bar 20 pm.
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Branch development and pseudoparaphyllia of Hypnum cupressiforme
Fig. 10. Series of 2 wm section transverse to stem of Hypnum cupressiforme at 60-72 um from stem apex.
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primordium is not raised above stem surface. Scale bar 50 wm.
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Fig. 11. Series of 2 wm section transverse to stem of Hypnum cupressiforme at 110-130 pm from stem apex.
Cells that will develop into first proximal branch leaves are cut off from the branch initial cells. Branch primor-
dium is very slightly raised above stem surface. Note a regular subquadrate cells underlying apical cell of branch
(in D). Scale bar 20 wm.
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Proximal branch leaves are undifferentiated, primordium slightly raised above stem surface. Scale bar 50 um.

Sections transverse to branch and plus-mi-
nus tangential to stem (Figs. 5-9).

In Hypnum cupressiforme, the branch primo-
dia at the distance of 60-100 wm from apex and at
the level of stem surface are 2.0-2.5 times wider
than long (Figs. 5, 6). The cells of the first proximal
branch leaf at about the level of stem surface are
somewhat ‘compartmentalized’, i.e. subdivided
into blocks by more thick walls between cells (Fig.

6, G, H; also compare Fig. 5 G, H). This ‘breakage’
of leaf'is better seen in its distal corner that obvi-
ously undergone stronger elongation. Later on,
as the branch primordium enlarge, the first, sec-
ond, third, and occasionally also the fourth and
fifth branch leaves become split into lobes of one
or several cells wide (Fig. 8). The splitting into
maximal number of lobes is observed in the third
or second branch leaf (Figs. 8 and 15).



Fig. 13. Ser
Branch leaves are at the earliest stage of emerging above stem surface (arrows in B, C, G). Scale bar 50 wm.
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The earliest stage of the branch leaf splitting
can be observed sometimes as early as ca. 80 um
from stem apex (Fig. 7).

In Amblystegium serpens, the branch primor-
dium at the level of stem surface is ovate to round
usually 1.0-1.5 times wider than long, and wider
only at the most early stage, when the branch pri-
mordium is 2-3-celled (Fig. 9: 1). The apical cell

is small and not sunken in the stem, so the whole
primordium looks rather like lying on the surface
and only weakly attached to the stem.

Sections transverse to stem and longitudi-
nal to branch primordium (Figs. 10-17).

The views of transverse stem sections at the
early stages of branch development in Amblyste-
gium and Hypnum are very distinctive. At the dis-
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Fig. 14. Two series of Hypnum cupressiforme: A-J —series of 2 um section transverse to stem at 140-165 um

from stem apex, and 1-4 — series of 2 um section obligue (30% transverse, 60% longitudinal) to stem at 140 pm
from stem apex,. Branch leaves are at an early stage of emerging above stem surface. Scale bar 20 um.

tance of ca. 30-40 um from stem apex, outer cells of
Hypnum (that will develop into leaves and branch-
es, I in Frey’s terminology) are sharply differenti-
ated from the cells of central part of stem, having
much wider cells that are flattened tangentially.
Contrary to this, stem of Amblystegium is com-
posed by rather uniform parenchymatous cells

(Figs. 3 G'-N'and 3 G*-N?; 10).

Further on, in the series of cross sections of Hyp-
num, the large apical cell appears very suddenly (Figs.
10-13), and at its first stage, 60-130 wm from the
stem apex, has trapezoid shape, being wider inside
than outside (Figs. 11-12). At somewhat later stage,
140-180 um from the stem apex, the shape of apical
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Fig. 16. Series of 2 um sections transverse to stem of Amblystegium serpens at 80-100 wm from stem apex. Proxi-
mal branch leaves are at an early stage of differentiation. Note a rather small size of apical cell. Scale bar 20 um.

Fig. 15 (page 154). Series of 2 um section transverse to stem of Hypnum cupressiforme at 270-320 um from
stem apex. Branch primordium is relatively well developed, and the sections allow tracing the lobes of the first
lacerate leaves. Sections demonstrate especially strong splitting of the second and the third branch leaves (cf.
Fig. 8). Note a small structures to the rigth of primordium (01 and 02). They is interpreted as a subfilamentose
structure sometimes seen beside the branch primordia (cf. Figs. 2: 3, 2: 5, 2: 7). Its origin can be linked to the
‘breakage’ of base of first branch leaves (cf. Figs. 6G, 20). Section shown in #7 was somewhat damaged, so this
subfilamentose structures (02) is not seen. Scale bar 50 um. Ah — axillary hairs.
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Fig. 17. Series of 2 um sections transverse to stem of Amblystegium serpens at 100-120 um from stem apex.
Proximal branch leaves are at the early stage of their differentiation. Scale bar 50 um.

cell approaches elongate-obconic, i.e., the common
shape of apical cell after its surrounding cells (initials
of first branch leaves) start to grow (Figs. 13-14).

Row of regular subquadrate cells underlie
sometimes the apical cell (Fig. 11D), but they are
observed not in all sections.

Branch leaves start to emerge above stem sur-
face at 90-150 wm from stem apex. Interestingly,
their growth begins rather similtaneously for
leaves of several circles around the branch apical
cell. The most distal outgrowths looks derived
from the the ‘broken off” portion of leaves (cf.
distal parts in Fig. 6G).

At the distance of 200-300 um from the stem
apex, a rather well-developed branch leaves around
branch primordia are observed (Fig. 15). Despite of
strong splitting, their parts can be understood by
comparison of neighboring sections. In addition to
regular leaves (e.g. #1, 2, 3, etc.) and axillary hairs,
the series in Fig. 15 includes a subfilamentose forked
structures (01 and 02), that can be interpreted as
the same as shown in Figs. 2: 3, 2: 5 and 2: 7. Its
position is at the periphery of the area derived from
the same branch initial cell.

In Amblystegium, the branch apical cell is not so
much differentiated. It is small, round, not changing
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Fig. 18. Two series of 2 wm sections longitudinal to stem of Hypnum cupressiforme: A-D at ca. 65 um from
apex, when branch leaves still not emerged above stem surface, and 1-4 at 150 um from stem apex, when first
leaves are somewhat differentiated: their probable sequence is shown in #2 (assumed from the neighboring
sections and from comparison with Fig. 8). Scale bar 20 um for A-D, 50 um for 1-4.
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Fig. 19. Three series of 2 um longitudinal sections of stem of Amblystegium serpens: A-G at 200 um from
stem apex, o—€. —at 120 um, 1-4 —at 100 wm. Proximal branch leaves are at early stages of their differentiation.

Note that the distance from stem apex not always correlate with the development of branch primordium and

proximal branch leaves. Scale bar 20 um.
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Amblystegium
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Fig. 20. Schemes of branch development of Hypnum cupressiforme and Amblystegium serpens, at the interval
of 50 to 200 um from stem apex. Sections transverse to branch primordium (TB), transverse to stem (TS), and
longitudinal to stem (LS) are shown. Brocken-lined circles indicate positions where splitting from the regular

proximal branch leaves is more common (cf. Fig. 2).

shape during the branch development (Figs. 16-17). It
has about the same width and depth (i.e., dimen-
sion along the radial axis), and not much differenti-
ated in size from surrounding cells (Figs. 16-17).

Sections longitudinal to stem and branch pri-
mordium (Figs. 18-19).

The longitudinal sections show almost sim-
ilar differences between Hypnum and Amblys-
tegium that were already discussed. They pro-
vide also an additional view of the “underlying
layer”, i.e., a row of fairy regular, subquadrate
cells situated immediately inside from the branch
apical cells or apical cell group (Figs. 18-A, 18-
2, cf. Fig. 11D). Similar cells are not seen in
Amblystegium, and they also are absent in cross
sections of Hypnum in places not immediately
proximal to branch primordia. As can be as-
sumed from comparing the sections, this layer
of cells is derived from cells forming the cen-
tral part of stem (i.e., cells derived from cell II
in terminology of Frey (1970)), not from apical
cell of the branch. Longitudinal sections (e.g.,
Fig. 18 C) show these cells developed along the
border with the “mother-leaf”. Their small size

may indicate a meristematic activity, which is
likely, as the branch primordia later are shifted
from the “mother-leaf” to a considerable dis-
tance, to approximately the axil of next lower
leaf (Fig.1).

More developed branch primordial lack small
cells below them, having, however, elongated cells
similar to that seen below the apical group of stem
(cf. Figs. 15R and 3: 1).

DISCUSSION

The branch primordia in Amblystegium are
small and they grow in a relatively wider space,
not being strongly pressed by surrounding cells
and leaves and therefore they are not or only
slightly deviate from the basic pattern (Fig. 1).
In Amblystegium, usually the second (more rarely
the first) branch leafis split into two lobes (Figs.
2:2,2:4,2:6), but subsequent leaves are entire.
The splitting of the second (or first) proximal
branch leaves may be corresponded to the max-
imally wide angle between these two leaves (ob-
viously correlating with higher elongation rate
at this side of branch primordium (Figs. 9, 20).
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Branch apical cell in Hypnum is much enlarged
and flattened upon stem surface, but not penetrat-
ing into the stem. Initials of first 3-4 branch leaves
appear to be strongly laterally expanded and elon-
gated at this early stages, so the foliose structure
formed from them seems often have ‘broken base’.
This corresponds to splitting of several first branch
leaves into narrow lobes, and probably also an oc-
casional formation of subfilamentose structures at
a certain distance from the branch primordium
(Figs. 2: 3,2:5,2: 7). One of such subfilamentose
structures is shown in Fig. 15, labeled 01 and 02,
as it seems to be forked. The occurrence of such
structures is rather irregular, and they may be con-
sidered as a something different from the regular
branch leaves. Seems that Akiyama & Nishimura
(1993) considered this kind of structures to be dif-
ferent from the proximal branch leaves and thus
representing the true pseudoparaphyllia.

However their origin, at least incase of Hyp-
num, is not principally different from that of lobes
of proximal branch leaves: in this case certain
lobes just appear more distantly. In practice, these
subfilamentose structures, in H. cupressiforme are
sometimes so close to the main group of lacerate
proximal branch leaves that it would be an im-
possible task to say in many (if not most) cases if
they belong to group of proximal branch leaves
or not. Ignatov & Hedenés (2007) suggested not
to oppose such structures from leaves and describe
them under different names, but rather consider
them to be the same, but provide more detailed
description of their shape, size and arrangement.
We believe that this approach will bring more in-
formation on their structure and development.

* * %

The important role of a mechanical tension for
the splitting of proximal branch leaves in Hyp-
num may be implied based on two observations:
first, the splitting of proximal branch leaves into
lobes is very irregular (Figs. 53-59 in Ando, 1989;
Fig. 2); and second, the places of maximal elon-
gation at early stages of development seems to be
correlated with the maximal splitting of proximal
branch leaves (Fig. 20). The testing of this hy-
pothesis might be interesting in further studies.

* * *

Summing up, the development of branches and
branch leaves in Hypnum follows, in general, the

U.N. SPIRINA & M. S. IGNATOV

‘classical scheme’ (Fig. 1), thus, demonstrating no
need to recognize the proximal branch leaves as a
separate morphological structure usually called
pseudoparaphyllia. A number of first leaves, how-
ever, may have a shape contrastingly different from
the fully developed distal leaves. Some foliose and
subfilamentose structures may appear at a certain
distance from branch primordium due to the aber-
rations in cell division at the early stage of branch
development.
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