Systematic Studies on the Conducting Tissue of
the Gametophyte in Musci.(7) On the Essential
Coordination Among the Anatomical
Characteristics of the Stems in the Some Species

of Isobryales

S eng

HhRE

~EH:2017-10-03

F—7— K (Ja):

*—7— K (En):

ERRE: IR, Th

A—=ILT7 KL R:

iR
https://doi.org/10.24517,/00011272

This work is licensed under a Creative Commons

Attribution-NonCommercial-ShareAlike 3.0

@IES

International License.



http://creativecommons.org/licenses/by-nc-nd/3.0/

Sci. Rep. Kanazawa Univ.
Vol. 22. No. 2, pp. 197—305
December 1977

Systematic Studies on the Conducting Tissue
of the Gametophyte in Musci

(7) On the Essential Coordination Among the Anatomical Characteristics of

the Stems in the Some Species of Isobryales

Isawo Kawail

Department of Biology, Facully of Science, Kanazawa University
(Received October 31, 1977)

Abstract Many regular phenomena are found through the life history of plants. It
can easily be imagined that regular phenomena support the life of a plant. What kind
of regular phenomena does the individual plant live by? Which regular phenomena are
in common among many individuals? And in what kind of plants are such regular
phenomena found? It should be the initial step of systematic study to discover the
race’s intent on how the race makes its life and which direction the race follows.

With this end in view, it becomes necessary to make clear what sort of phenomena
and characteristics are in common among the species belonging to the identical genus,
family, and order.

Isn’t it reasonable to think that these regular phenomena and the characteristics
which are in common among the identical genus and family are more essential
characteristics? Until now the cross sections of the stem in many species have been
considered in order to show some coordination seen among the interior structures of
the gametophyte. In this paper the inner structure of the stem in fifty-six species of
Isobryales is considered.

Furthermore, in this paper the process of segmentation is divided into four periods
of cell division, which are in accordance with the order of cell division as KAWAI (1974)
suggested (Tab. 3). The first-division period is for the forming of the segments, the
period in which the organs are formed, is called the second-division period, and the
period in which tissues are formed, is called the third-division period. The period in
which tissues are attained full growth, is called the forth-division period. Many of the
anatomical characteristics hitherto observed, which are closely connected with the
cutting at the early-stage of the ontogeny, seems to show high regularity, especially,
III, IV, VI-types, O, P, Q-types, L, M, N-types and R, S-types. One of the important
characteristics concerning the III, 1V, VI-types, was divided into six types by KAWAI
et IKEDA (1970), but the division may call for a partial revision with reference to the
research data of HEBANT (1973, 1974, 1976, 1977) and KAWAI (1977).

We considered the cross sections of the stem of the eighteen families hitherto
observed, and out of the sketches so far made public, we also considered the sketches

of seventeen families, where we could roughly see nine of our characteristics.
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As discussed above, in many genera, families, and orders, the stems of the species
belonging to an identical genus, family, and order, show common anatomical
characteristics concerning III, IV, Vi-types, O, P, Q-types, L, M, N-types, R, S-types,
and T, U-types. Through research into the coordination of anatomical characteristics
and ontogeny of the stem, we should like to discover in the future the essential
characteristics, and carry out research on systematic studies in conformity with
essential characteristics.

Introduction

It should be the initial step of systematic study to view the life history of the
gametophyte in every light in order to discover the essential coordination existing in its
mode of life. First of all, the distinction between tissues in the mature stems should be
roughly surveyed along with the observation of the manner of division in the apical cell.
Then, we might with greater ease be able to make clear the growing process from its
initial phase to the fully grown tissue. If the distinction between tissues that have
attained full growth is not understood, it is very difficult to make clear how a segment
developes into a mature tissue.

Cross sections of the stem in some species of Fissidentaceae, Grimmiaceae, Thui-
diaceae, Entodontaceae, Mniaceae, Bartramiaceae, Dicranaceae, Hypnaceae and Poly-
trichaceae, have been studied, in order to find some coordination in the interior structures
of the gametophyte. Furthermore, from the sketches made public up to the present, we
studied those of Erpodiaceae (Nocucui 1952), Bartramiaceae (MaTTERI 1968, 1973),
Hookeriaceae (MATTERI 1972) and Pottiaceae (Sarto 1975), and ten of our demarcations
have been recognized.

What sort of anatomical characteristics should be taken up for systematic study?
For solving this problem, we believe it is necessary to observe the interior structures of
many species, and consider the origins of each tissue in the stem. The paper on the
hadrom by HEsanT (1973) is very useful for this study on the origin of each tissue. He
states, “The hydroids of the central strand originate from the most central part of the
segments which are cut off from the apical cell. The rapid cleavage of the lower part of
the segment is a characteristic of primitive mosses with well-developed conducting
strands.  After a short time, however, the future hydroids stop dividing, their
subsegment development is characterized by great enlargement, and by notable
elongation. These phenomena are related to an important change in their vacuolar
systems. In the aerial leafy stem of most of the Polytrichales, as well as in other
mosses having an axial conducting strand, all the cells of the most internal part of each
segment differentiate into hydroids. In certain cases, however, one part only of these
cells differentiates into hydroids; the others yield elements with characteristics of paren-
chyma. In mature stems, these cells usually exhibit thickened walls, and are therefore,
called stereids.”

Cell walls of the central tissue are thicker (O-type), as thick (P-type) or thinner
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(Q-type) than those of the internal cortex; cells of the central tissue are larger (L-type),
as large (M-type) or smaller (N-type) than those of the internal cortex; cells of the
central tissue are parenchymatous (R-type) or not (S-type), and these three so far
observed may be characteristics of the hadrom.

HEanT (1973) describes the leptom as follows: “With the light microscope, the
young leptoids can easily be recognized due to their precocious elongation, and to the
important development of their nucleus and nucleolus. The origin of the leptoids in the
cells derive from the upper part of the initial of the central tissue, which is delimited
by the first division of the segment. These cells of conducting parenchyma form the
junction between the ‘Deuters’ of the leaf traces and the typical leptoids of the central
system. Together the leptoids and the cells of conducting parenchyma constitute, at the
periphery of the axial strand of hydroids, a continuous network through the apertures of
which run the hydroids of the leaf traces.”

The leptom (cells of the leptoid element) in the species of Polytrichales may
correspond to the internal cortex in Climacium, and the hadrom may be equivalent to
what we call the central tissue. Essntial characteristics may be found after the
relationship of the anatomical characteristics is considered, and the coordination of the
internal structures used in the classification system is surveyed.

The Significance of Essential Characteristics in Systematic Studies

Many regular phenomena are found in the life cycle of the plant. It may be easily
imagined that the regular phenomena support the life of the plant. What kind of regular
phenomena does the individual plant live by? Which regular phenomena are in common
with many individual plants? And in what kind of plants are such regular phenomena
found?

It should be the initial step of systematic study to discover the race’s intent,that is,
—how the race makes the life and, which direction the race causes it to flow. With this
end in view it becomes necessary to make clear what sort of phenomena are in common
among the species belonging to the same genus, family, and identical order. Among
some observed phenomena and characteristics, we find that some are not in common
concerning the identical genus or family. However, in others there is found a coor-
dination among the identical genus or family. Can’t it be thought that these regular
phenomena and characteristics in common among the identical genus or family are the
more essential characteristics, and that these essential characteristics support the life of
the plant?

Taxonomy should be studied in order to discern the life of the plant. The very
foundation of the race may be reflected in the mirror of the essential characteristics. In
this sense, it is thought that the essential characteristics are vitally important related
to taxonomic study.



200 Isawo KAWAI
Materials and Methods

The materials used for this research were composed of specimens of mosses
collected in Japan. All the samples studied were deposited in the Moss Herbarium of
Kanazawa University.

Fontinalaceae — Dichelyma joponicum CARD.: Shiga (39388), Fontinalis hypnoides
HARTM. : Niigata (35244), Hyoogo (37357).

Hedwigiaceae — Hedwigia ciliate (Hepw.) EHRH. : Kumamoto (35201).

Leucodontaceae — Dozya japowmica LaC.: Tokushima (36201), Kanagawa (32566),
Leucodon exaltatus C. MugLL. : Shimane (35039), Kumamoto (35048), Wakayama (39358),
Aichi (35049), Gifu (11093), Shimane (37515), Leucodon mnoguchii Iwats.: Kumamoto
(35950), Leucodon sapporensis BescH. : Iwate (39227).

Trachypodiaceae — Duthiella flaccida (CARD) BroTH.: Oosaka (37309), Mie (37363),
Kumamoto (35243), Wakayama (37390), Duthiella speciosissima BROTH.: Aichi (35169),
Shiga (34950), Saitama (32545), Kyooto (37308), Duthiella wailichii (Mitt.) C. MUELL.:
Kumamoto (35229), Trachypus bicolor Reinw. et Hornsch.: Kumamoto (35075), Kyooto
(37318). Trachypus humilis LinNDB. : Mivazaki (35202).

Pterobryaceae — Calyptothecium hookeri (Mitt.) BroTH.: Kumamoto (35241),
Calyptothecium wurvilleanuwm (C. MugsLL.) Broru.: Kagoshima (37344), Myuriopsis sinica
(MitT.) Nog.: Ibaragi (11985), Myurium assimile (BroTH.) Sexi: Wakayama (39200),
Myurium fragile (Carp.) BRoTH. : Wakayama (34982), Pierobryum arbuscula MiTT. : Ibaragi
(32690), Kumamoto (35228).

Meteoriaceae — Aerobryum speciosum Doz. et Mork.: Kagoshima (37351), Barbella
Sflagellifera (Carp.) Nog.: Wakayama (39378), Barbella enervis (Tuwart. et Mirr.) FL.:
Nara (37346), Wakayama (37380), Barbelle pendula (Surr) Fr.: Saitama (36242),
Chrysocladium vetvorsum (Mrtt.) Fr.: Nara (37343), Flovibundaria flovibunda (Doz. et
Motik.) FL.: Kumamoto (37303), Floribundaria aurea (MITT.) BROTH. ssp. #nipponica (NoG.)
Nog.: Wakayama (37358), Wakayama (34883), Floribundaria pseudoflovibunda FL.:
Kumamoto (35006), Kumamoto (37495). Meteoriopsis reclinata (C. MUELL.) FL.: Formosa
(32693), Kumamoto (35239), Meteorium buchananii (Brip.) BROTH. ssp. helminthocladulum
(Carp.) Nog.: Iwate (39226), Saitama (37514), Meteorium buchananii (Brip.) BROTH. var.
cuspidatum (Oxam.) Noc.: Mie (39359), Meteorium miquelianum (C. MueLr.) FL.:
Kumamoto (35242), Pseudobarbella attenuata (Tuwart. et Mrrr.) Noc.: Koochi (39361),
Mie (37425), Pseudobarbella levier: (Ren. et Carp.) Noc. : Kumamoto (39391), Nara (37282).

Neckeraceae — Bissetia lingulate (MiTT.) BroTH. . Tokushima (11013), Homaliadelphus
targionianus (MiTT.) Dix. et P. Varp. : Iwate (39394), Kumamoto (35238), Saitama (37523),
Saitama (35078), Homaliodendron scalpellifolium (MiTT.) Fr.: Wakayama (34890),
Kumamoto (37436), Neckera borvealis Noc.: Hokkaidoo (37292), Hokkaidoo (35076),
Neckera flexivamea Carp.: Tokushima (11043), Kumamoto (35096), Neckera humilis
Mitt.: Ishikawa (11058), Niigata (35203), Neckera muraiae Noc.: Okayama (39354),
Neckera pennata Hepw.: Yamanashi (37432), Neckera pusilla MitT.: Shimane (35204),
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Kyooto (37431), Hyoogo (34904), Neckera vezoana BescH. : Hokkaidoo (39363), Neckeropsis
calcicola Noc.: Mie (37332), Shiga (34985), Neckeropsis mitidula (Mritt.) FL.: Shizuoka
(11043), Neckeropsis obtusata (Mont.) FL.: Koochi (39364), Wakayama (37331), Kumamoto
(35184), Pinnatella makinoi (BroTH.) BrOTH.: Kumamoto (37285), Kumamoto (35234),
Thamnobryum alopecurum (Hepw.) NIEUWL.: Hokkaidoo (35073), Thammnobryum plicatuliem
(Lac.) Iwats. : Kumamoto (37369), Thamnobryum sandei (BEscH.) IwaTs. : Saitama (36238),
Ishikawa (32529), Tokushima (33026), Kyooto (37368), Thammnobryum sandei (BESCH.)
IwaTs. : Saitama (36238), Ishikawa (32529), Tokushima (33026), Kyooto (37368),
Thamnobryum sander (BEScH.) Iwats. var. cymbifolium (CArD.) Noc. et Iwats, : Kumamoto
(35008), Kumamoto (37557).

Lembophyllaceae — Dolichomitra cymbifolia (LinpB.) BrotH.: Tokushima (36278),
Kumamoto (39389), Aichi (35205), Shizuoka (36262), Tokushima (36277), Dolichomitra
cymbifolia (LiNDB.) BROTH. var. subintegerrvima OxaM.: Hyoogo (37382), Shizuoka (36261),
Dolichomitriopsis crenulata OxaMm. : Niigata (34929), Gifu (32508), Hyoogo (37364), Niigata
(37310), Gifu (36260), Dolichomitriopsis diversiformis (Mitt.) Noc.: Gifu (11074), Ooita
(35037), Gifu (36259), Wakayama (39390), Shizuoka (36271), Gifu (11075), Qoita (37529),
Tokushima (32509), Gifu (32510), Mie (32565), Isothecium subdiversiforme BROTH.:
Saitama (36140), Shizuoka (36272), Neobarbella pilifera (BroTH. et Yas.) Noc.: Miyazaki
(37512), Nara (34983), Miyazaki (34991),

The hard mosses were boiled in water for about an hour in order to prevent the
soft tissue from breaking. The inner structure of the stem was studied from transverse
sections having a thickness of five microns. Gentian violet and acid fuchsin combina-
tions were used for staining anatomical preparations.

Observation and Discussion

I. Observation of the anatomical characteristics of the stem in Isobryales

Cross sections of the stem in many species have been studied in order to find some
coordination among the interior structures of the gametophyte. In this paper, the inner
structures of the stem in fifty-six species of Isobryales (Fontinalaceae, 2 species;
Neckeraceae, 18 species; Lembophyllaceae, 6 species; Hedwigiaceae, 1 species;
Leucodontaceae, 4 species; Pterobryaceae, 6 species; Meteoriaceae, 14 species;
Trachypodiaceae, 5 species) was observed (see Table 1).

In all the families dealt with in this paper, the stems of each family, with the
exception of Trachypodiaceae (only Duthiella has the stem of IV-type), show a same
type of interior differentiation. Namely, the stems of Climaciaceae, Fontinalaceae,
Neckeraceae, Lembophyllaceae, Hedwigiaceae, Leucodontaceae, Pterobryaceae,
Meteoriaceae, and Trachypodiaceae (only Trachypus) show a differentiation of tissues
into an epidermis, external cortex, internal cortex, and a central tissue (III-type). In
the stems of Climaciaceae, Fontinalaceae, Neckeraceae, Lembophyllaceae, Hedwi-
giaceae, Leucodontaceae, Pterobryaceae, and Trachypodiaceae (only Trachypus), the cell
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Tab. 1 Anatomical characteristics of the stems in fifty-six species of Isobryales

Number of the figures in the Plate

The stem differentiates into an epidermis, cortex and a central tissue
(11I-type) or into an epidermis, cortex, endodermis and a central strand
(IV-type)

Cell walls of the central tissue are thicker (O-type), as thick (P-type) or
thinner (Q-type) than those of the internal cortex

Cells of the central tissue are larger (L-type), as large (M-type) or smaller
(N-type) than those of the internal cortex

Cells of the central tissue are parenchymatous (R-type) or not (S-type)

Cells of the epidermal layer are parenchymatous (T-type) or not (U-type) jmlie]ielislie]ie]
Epidermal cell walls are thicker (G-type), as thick (H-type) or thinner o o oy e
(I-type) than those of the external cortex
Cells of the epidermal layer are larger (V-type), as large (W-type) or st 5 b
smaller (X-type) than those of the external cortex

Qe
Number of the cell layers of the external cortex is 1-4 cell layers Tyve @@@@gg
(C-type) or 4-7 cell layers (D-type) oh| 2|15 | 4| 1b|

Layers 125 i i)
. . Type

Number of the cell layers of the internal cortex is 1-4 cell . .

*® | % * *

“t - 11 -

layers (A-type) or 4-13 cell layers (B-type) Layers

Dichelyma japonicum CARD.
Dichelyma japonicuns CARD
Dichelyma japowicum CARD.
Dichelyma japonicum CARD.
Dichelyma japonicum CARD.
Dichelyma japonicum CARD




Fontinalis hypnoides HARTM. * 1(1-2)C X H U R M P i o-1
Fontinalis hypnroides HARTM. % 1(1-2)C |X H U R M P i -2
Fontinalis hypnoides HARTM. * 1(1-2)C |X H U R M P I -3
Fontinalis hypnoides HARTM. * 2(1-3)C |X H U R M P jii} o-4
Fontinalis hypnoides HARTM. * 1(1-2)C |X H U R M P Jiin -5
Fontinalis hypnoides HARTM. * 2(2-3)C _IX H U R M P T -6
Hedwigia ciliata (HEDW.) BEHRH. 2(2-4)A | 3(3-4)C |X I U S M P i -1
Hedwigia ciliaia (HEDW.) EHRAH. 22-HA [ 3(3-H)C X I U | s M P | I m-2
Hedwigia ciliata (HEDW.) EHRH. 3(3-5)A | 3(3-3)C |X I U S M P i -3
Hedwigia ciliata (HEDW.) EHRH. 3(3-5)A | 3(3-4)C |X i U S M P m -4
Hedwigia ciliala (HEDW.) EHRH. 3(3-DA | 3(3-4)C |X I U | s M P | I -5
Hedwigia ciliata (HEDW.) EHRH. 3(3-6)A | 3(3-3)C |X I U S M P I -6
Dozya japonica Lac. 6(6-7)B | 4(4-5)D W I | U] S P | I W1
Dozya japonica LAC. 6(6-8)B | 4(3-5)D (W I U S P il -2
Dozya japonica LAc. 6(6-7)B | 5(4-5)D W I U S P 1T V-3
Dozya japonica LAc. 6(5-6)B | 4(4-4)D |W I U S P il -4
Dozya japonica Lac. 6(6-6)B | 4(4-HD |W 1 U S P Jill V-5
Dozya japonica LAC. 6(5-7)B | 4(4-5)D W I U S P il V-6
Leucodon exaltatus C. MUELL. 7(6-7)B | 3(3-4)C W H U S P il V-1
Leucodon exajtatus C.MUELL. 7(6-8)B | 3(3-4)C W H U S P jil} V-2
Leucodon exaltatus C.MUELL, 6(5-6)B | 3(3-4)C H U S P jii V-3
Leucodon exaltatus C. MUELL. 6(6-7)B | 2(2-3)C H U S P i} V-4
Leucodon exaltatus C. MUELL. 6(6-7)B | 3(3-4)C H U S P 1L V-5
Leucodon exaliatus C.MUELL. 6(6-7)B | 3(3-4)C H U S P I V-6
Leucodon noguchii IWATS. * 4(4-5)D [X H U S P L VI-1
Lencodon noguchii IWATS. * 4(4-5)D |X H U S P jill Vi-2
Leucodon noguchii IWATS. P) 4(4-4)D |X H U S P il VI-3
Lencodon noguchii ITwATS. * 4(4-5)D |X H U S P Jii VI-4
Leucodon noguchii IwWATS. * 4(4-5)D |X H U S P I Vi-5
Leucodon noguchii IWATS. 4 4(4-4)D |X H U S P i} VI-6
Leucodon sapporensis BESCH. 6(5-8)B | 4(3-4)C |X H U S P il Vi-1
Leucodon sapporensis BESCH. 6(6-8)B | 3(3-4)C |X H U S P jill ViI-2
Leucodon sapporensis BESCH. 7(7-8)B | 3(3-4)C |X H U S P il VI-3
Leucodon sapporensis BESCH. 6(5-7)B | 4(3-4)C |X H U S P il VI-4
Leucodon sapporensis BESCH. 7(7-9)B | 3(3-4)C |X H U S P jil} Vi-5
Leucodon sapporensis BESCH. 6(5-6)B | 4(3-4)C |X H U S P i} VI-6
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Duthiella flaccida (CARD. ) BROTH. 5(4-5)B | 2(1-2)C [X 1 U R IN(M)| © v VI-1
Duthiella f lacéide (CARD.) BROTH. 5(4-5)B | 2(2-3)C |X(W)|I U R |N Q i\j V-2
Duthiella flaccida (CARD.) BROTH. 5(4-5)B | 2(2-1)C |X 1 U R |N Q w V-3
Duthiella flaccide (CARD.) BROTH. 5(4-6)B | 2(1-2)C [X(W)|I U R N Q v V-4
Duthiella flaccida (CARD.) BROTH, 5(4-6)B | 2(2-3)C |X 1 U R N Q W VI-5
Duthiella flaccida (CARD.) BROTH. 4(3-5)B | 2(1-3)C (X 1 U R IN Q i VI-6
Duthiella speciosissima BROTH. 11{10-13)B| 5(5-6)D [X H U R |N Q v X-1
Duthiella speciosissima BROTH. 10(10-13)B| 4(4-5)D |X H U R |N Q v X-2
Duthiella speciosissima BROTH. 12(11-14)B| 5(5-6)D |X H 19) R IN Q v -3
Duthiella speciosissima BROTH. 12(11-14)B| 4(3-4)D |X H U R [N Q W X-1
Duthiella speciosissimae BROTH. 12(11-13)B| 5(5-6)D |X H U R |N Q W X-2
Duthiella speciosissima BROTH. 10(9-13)B| 4(3-4)D |X H U R IN Q i) X-3
Duihiella wallichii (M1TT.) C. MUELL. 5(5-6)B | 5(5-6)D |X 1 U R N Q i Xi-1
Duthiella wallichii (MiTT.) C. MUELL. 5(4-1)B | 4(4-5)D |X 1 U R N Q v X1-2
Duthiella wallichii (MitT.) C.MUELL. 8(7-9)B | 5(4-5)D |X I U R IN Q v X-3
Duthiella wallichii (MiTT.) C. MUELL. 7(6-8)B | 4(4-5)D |X I U R N Q v Xi-1
Duthiella wallichii (MiTT.) C. MUELL. 5(5-6)B | 4(3-5)D |X I U R N Q v X1-2
Duthiella wallichii (MitT.) C. MUELL. 6(5-7)B | 4(3-4)D |X 1 U R N 0] Wi Xi-3
Trachypus bicolor REINW. et HORNSCH. 7(6-8)B | 4(4-5)D |X G U S M(N) P i X1
T7achypus bicolor REINW. et FLORNSCH. 6(6-7)B | 4(4-5)D |X G(H)| U S M(N)| P ji XT-2
Trachypus bicolor REINW. et HORNSCH. 5(5-6)B | 4(3-5)D |X G U S M(N)| P jiti X -3
Trachypus bicolor REINW. et HORNSCH. 5(5-6)B | 4(3-4)D |X G U S M(N) P il XIV-1
Trachypus bicolor REINW. et HORNSCH. 5(5-6)B | 4(4-5)D |X G U S M) P jill XIV-2
Trachypus bicolor REINW. et ILORNSCH. 7(6-8)B | 4(45)D X ___IG U [ s MQD[ P | W XIV-3
Trachypus humilis LINDB. 5(5-7)B [ 4(4-4)C [X I U S M P il XV-1
Trachypus humilis LINDB. 5(5-5)B | 3(3-3)C |X(W)|I U S M P i} XV-2
Trachypus humilis LINDB. 5(4-5)B | 4(3-4)C |X 1 U S M P m XV-3
Trachypus Jumilis LINDB. 5(5-6)B | 3(3-3)C |X 1 U S M P it} XV -4
Trachypus huwmilis LINDB. 5(5-6)B | 3(3-3)C |X I U S M P il XV-5
Trachypus humilis LINDB. 5(5-6)B | 4(3-4)C |X I U S M P I XV-6
Trachypus humilis LINDB. 4(4-5)B | 3(3-4)C X I U S M P il XV-7
Trachypus humilis LINDB. 5(5-6)B | 3(3-4)C [X(W)II U S M P i X V-8
Calyptothecium hooker: (MiTT.) BROTH. 4(4-5)B [ 4(3-4)C [X G U S M P I XVi-1
Calyptothecium hookeri (MITT.) BROTH. 5(5-6)B | 3(3-4)C |X G U S M P jil} XVi-2
Calyptothecium hookeri (MITT.) BROTH. 1 5(5-6)B | 4(3-5)C X G U S M P il XVI-3
Calyptothecium hookeri (MITT.) BROTH. 5(5-6)B | 4(3-4)C |X G U S M P Jil} XVi-1
Calyptothecinm hookeri (MITT.) BROTH. 4(4-5)B | 4(3-4)C |X G U S M P I XVIi-2
Calyptothecium hookeri (MITT.) BROTH. 4(4-5)B | 4(3-4)C |X G U S M P I X VI-3
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Calyptothecium urvilleanum (C. MUELL. ) BROTH. 5(5-6)B | 4(3-5)C |X H(G)_U S M P 1T X Vi-1
Calyptothecium urvilleanum (C. MUELL. ) BROTH. 5(5-6)B | 4(3-4)C |X(W)|H U S M P I X Vi-2
Calyplothecivm wrvilleanumw (C. MUELL, ) BROTH. 5(5-6)B | 4(4-5)C |X H U S M P Jii} X V-3
Calyptothecium urvilleanum (C. MUELL. ) BROTH. 5(5-6)B | 4(3-5)C |X H U S M P jitd XIX-1
Calypiothecium wrvilleanum (C.MUELL.) BROTH. 6(5-6)B | 3(3-4)C |X H U S M P I XIX-2
Calyptothecium wurvilleanum (C. MUELL. ) BROTH. 6(6-8)B | 3(3-4)C IX H U S _IM P 1L XIX-3
Myuriopsis sinica (M1TT.) NOG. 6(6-7)B | 3(3-4)C |X H U S |M(N)| P i} X X-1
Myuriopsis sinice (MITT.) NOG. 6(5-6)B | 3(3-4)C |X H U s M) P i X X-2
Myuriopsis sinica (MiTT.) NOG. 6(5-7)B | 4(3-4)C |X H U S M(N)| P m XX-3
Mpyuriopsis sinica (MITT.) NOG. 5(5-6)B | 4(4-5)D |X H U s M(N) P il XXi-1
Myuriopsis sinica (MitT.) NOG. 6(5-7)B | 3(3-4)C |X H U s M(N) P Jil} X XI-2
Myuriopsis sinica (MITT.) NOG. 6(5-7)B | 3(2-4)C |X H U S M(NDI_P T X X1-3
Myurium assimile (BROTH. ) SEKI 2(1-3)A | 2(2-3)C X I U S M P 1T X XI-1
Myurium assimile (BROTH.) SEKI 202-HA | 2(2-3)C X I U S M P jil§ XXI-2
Myurium assimile (BROTH. ) SEKI 3(2-3)A | 2(2-3)C |[X(W)|I U S M P ik X XI-3
Myurium assimile (BROTH.) SEKI 3(2-4)A | 2(2-3)C |X 1 U S M P il X XI-4
Myurium assimile (BROTH. ) SEKI 3(2-3)A | 2(2-3)C |X(W)|I U S M P i X XI-5
Myurium assimile (BROTH. ) SEKI 2(1-3)A | 2(2-3)C X I U S M P il X XI-6
Myurium jragile (CARD. ) BROTH. 4(45)B | 3(3-4)C W(X)[1 U [ S M P | I | XXII-1
Myurium fragile (CARD. ) BROTH. 2(2-3)A | 3(2-3)C (W 1 U S M P i} X XIM-2
Myurium fragile (CARD. ) BROTH. 2(1-3)A | 2(2-3)C |W(X)|I U S M P m X X1-3
Myurium fragile (CARD. ) BROTH. 2(2-3)A | 2(2-3)C W I 19) S M P m X X4
Myurium fragile (CARD.) BROTH. 2(2-3)A | 2(1-2)C [W(X)|I U S M P iy X XTi-5
Myurium _jragile (CARD. ) BROTH. 4(4-5)B | 3(3-3)C W(XIT U S M P il X X T-6
Pterobryum arbuscula MITT. 4(4-5)B | 4(4-5)D |X 1 U S M P il XXIW-1
Pterobryum arbuscula MITT. 4(4-5)B | 5(4-5)D |X I U S M P m XXIV-2
Pterobryum arbuscula MITT. 4(4-5)B | 5(5-5)D |X i U S M P i X XIV-3
Pterobryum arbuscula MITT. 4(4-5)B | 4(4-5)D |X 1 U S M P I XXV-1
Pterobryum arbuscula MITT. 4(4-5)B | 5(5-6)D |X I U S M P m XXV-2
Pterobryum arbuscula MITT. 5(4-6)B | 5(4-6)D |X I(HDl U S M P il XX V-3
Aerobryum speciosum D0z. et MOLK. 6(5-7)B | 4(4-5)D |X 1 U R [N Q 1T X XVI-1
Aerobryum speciosum Doz. et MOLK. 4(3-5)B | 4(4-5)D |X 1 U R [N Q il X X VI-2
Aerobryum speciosum Doz. et MOLK. 5(5-6)B | 4(4-5)D |X 1 U R [N Q 1 X X VI-3
Aerobryum speciosum Doz. et MOLK. 5(4-7)B | 4(4-5)D |X I(H) U R [N Q il X X VI-4
Aerobryum speciosum Doz. et MOLK. 4(4-5)B | 4(4-5)D X I U R |N Q jiiN X X VI-1
Aerobryum speciosum Doz. et MOLK. 3(2-4)A | 4(4-5)D |X ji U R |IN Q il X X VI-2
Barbella flagellifera (CARD. ) NOG. 202-3)A. | 2(1-3)C [X(W)|I U R M Q i X X VI-3
Barbella flagellifera (CARD.) NOG. 202-3)A | 2(1-2)C |X I U R M Q il X XVi-4
Barbella flageilifera (CARD. ) NoG. 2(1-2)A | 20-2)C |X 1(H) U R M Q 1L X X VI-5
Barbella flagellifera (CARD. ) NOG. 2(1-2)A | 2(2-3)C |[X(W)|I(H)| U R M Q Jill X X VI-6
Barbella flagellifera (CARD.) NoG. 2(1-2)A | 20-2)C |X(W)|1(H)| U R M Q il X X V-1
Barbella flagellifera (CARD. ) NOG. 10-DA | 21-2)C IX I U | R M 0] I | XXW-2
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Barbella enervis (THWAIT. et MITT. )FL. 2(2-3)A | 2(2-4)C [X(W)[H U R M Q M [XXWi-3
Barbella enervis (THWAIT. et MITT. )FL. 3(2-3)A | 3(2-H)C {(X(W)|H U R M Q M | XXWi-4
Barbella epervis (THWAIT. et MITT. )FL. 2(2-3)A | 3(2-3)C |X(W)|H U R M Q m | X XVI-5
Barbella _enervis (THWAIT. et MITT. )FL. 202-3)A | 3(2-3)C |X H ) R M Q M| X XVI-6
Barbella enervis (THWAIT. et MITT. )FL. 2(2-3)A | 3(2-3)C |X H U R M Q m XXX~
Barbella enervis (THWAIT. et MITT. )FL. 3(2-3)A | 2(2-3)C IX H U R M 9 M (X XIX-2
Barbella pendula (SULL.) FL. 202-3)A | 2(2-3)C [X H(G) U R M) _Q M [XXIX-3
Barbella pendula (SULL.) FL. 4(3-HA | 3(3-3)C X H U R _M(N)|_Q M (X XIX-4
Barbella pendula (SULL.) FL. 4(4-3)A | 3(3-4)C X H U R M) Q M |XXX-5
Barbella pendula (SULL.) FL. 323)A | 202-3)C X |H U | R M(N) QO | M [XXIX-6
Barbella pendula (SULL.) FL. 3(2-3)A | 3(2-3)C |X H U R M(N) O m | XXX-1
Barbella pendula (SULL.) FL. 3(3-4)A | 3(2-3)C X H U R_M(ND)I O M [ XXX-2
" Chrysocladium 7etrorsum (MITT.) FL. 5(5-6)B | 4(3-4)C |X H U R [N(M)| Q M [XXX-3
Chrysocladium retrorsume (MITT.) FL. 4(4-5)B | 3(3-4)C |X H U R IN(M)| Q M [ XXX-4
Chrysocladium retrorsum (MITT.) FL. 5(4-6)B | 3(3-4)C |X H U R [NV Q m XXX-5
Chrysocladium retrvorsum (MITT.) FL. 4(4-6)B | 4(4-4)C |X H U R |IN(Mm) Q Im | XXX-6
Chrysocladium retrorsum (MITT.) FL. 5(5-6)B | 4(3-4)C |X H U R IN(M)| Q M | XXX-1
Chrysocladium retrorsum (MITT.) FL. 4(4-6)B | 3(3-4)C [X H U R_[INOVMD O M X XX-2
Floribundaria floribunda (DOzZ. et MOLK.) FL. 5(5-6)B | 4(3-4)C [X I U R [N Q M (XX XT-1
Floribundaria floribunda (Doz. et MOLK.) FL. 5(5-6)B | 3(3-4)C X I U R |N Q M (XXXT-2
Flortbundaria floribunda (Doz. et MOLK.) FL. 5(5-6)B | 4(3-4)C [X 1 U R IN Q M (XXXTO-3
Floribundaria florvibunda (Doz. et MOLK.) FL. 5(5-6)B | 4(3-4)C |X 1 U R |N (e} M | XXXII-1
Floribundaria floribunda (Doz. et MOLK. ) FL. 6(5-7)B | 4(4-5)D |X I U R N Q M (XX XII-2
__Floribundaria_floribunda (Doz. et MOLK.) FL. 5(5-6)B | 4(3-4)C |X I U R _IN Q m XX XT-3
Floribundaria aurea ssp. nipponica (NOG.) NOG. 5(6-7)B | 4(4-6)D |X(W)|I U R |N Q m [ XXXIV-1
Floribundaria aurea ssp. nipponica (NOG.) NOG. 5(5-6)B | 4(4-6)D |X I U R |N Q M [ XXXIV-2
Floribundaria aurea ssp. nipponica (NoG.) NoOG. 5(5-7)B | 5(4-6)D |X 1 U R [NV O m (XXXIV-3
Floribundaria aurea ssp. nipponica (NoG.) NOG. 5(5-6)B | 4(4-6)D |X 1 U R |N Q M [XXXV-1
Floribundaria aurea ssp. nipponica (NoG.) NoOG. 4(4-5)B | 3(3-4)C |X 1 U R |IN Q M | XXXV-2
Floribundaria aurea ssp. nipponica (NoG.) NOG. 4(4-5)B | 4(3-6)D [X(W)| I U R _IN e I [XXXV-3
Floribundaria pseudofloribunda FL. 4(4-5)B | 3(3-4)C |X I U R |N Q m [XXXVI-1
Floribundaria pseudofloribunda FL. 4(3-5)A | 3(3-4)C |X I U R [N Q W (XXXVI-2
Floribundaria pseudofloribunda FL. 4(3-5)A | 3(3-4)C |X 1 U R |IN Q0 | W (\XXXWVI-3
Floribundaria pseudofloribunda FL. 3(2-4)A. | 3(3-4)C |X 1 U R |N Q m [ XXXVi-4
Floribundaria pseudofloribunda FL. 3(3-HA | 2(2-3)C |X 1 U R [N Q M [ XXXVI-1
Floribundaria pseudofloribunda FL. A(3-4)A. | 2(2-3)C |X I U R |N Q M XX XVI-2
Meteoriopsis reclinata (C. MUELL. ) FL. 4(4-6)B | 3(3-4)C |X H U R M(N)| O M [ XXXVI-3
Meteoriopsis reclinata (C.MUELL. ) FL. 5(5-7)B | 3(3-4)C [X H U R MIN) Q M | XXXVI-4
Meteoriopsis reclinata (C.MUELL.) FL. 4(4-5)B | 4(4-5)D |X H U R M) Q M (XX XVI-5
Meteoriopsis reclinata (C.MUELL.) FL. 4(4-5)B | 4(3-4)C |X H U R M Q M (XX XVI-6
Meteoriopsis reclinata (C.MUELL.) FL. 5(4-5)B | 4(3-4)C |X H U R MO Q M X X XVI-1
Meteoriopsis reclinata (C.MUELL.) FL. 5(5-6)B | 4(3-4)C |X H U R_IM(N)I O M X XXWI-2
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Meteorium buchananii ssp. helminthocladulum (CARD.) NOG. 5(3-6)B | 4(3-4)C X |H U R M Q M X X X3
Meteorium buchananii ssp. helminthocladulum (CARD.) NOG. 5(4-8)B | 5(4-6)D | X |H U R M Q M | XX XVI-4
Meteorium buchananii ssp. helmiuthocladulum (CARD.) NOG. 4(3-5)B | 5(5-6)D | X |H U R M(N) Q m XX XWI-5
Meteorinm buchananii ssp. helminthocladulum (CARD.) NOG. 4(4-5)B [4(45)D | X |H U R M(N)_ Q M | X X XVI-6
Meteorium buchananii ssp. heiminthocladulum (CARD.) NOG. 3(2-)A | 4(4-5)D | X |H U R_|IM(N) O M (XXXK-1
Meteorium buchananii ssp. helminthocladulum (CARD.) NOG. 3(3-)A | 4(3-5)D | X |H U R_M(N)| O I I XXXKX-2
Meteorium buchananii v. cuspiadium (OxAM.) NOG. 4(3-4)A | 4(4-)C | X |H U R |[M(N) Q MW [XXXK-3
Meteorium buchananii v. cuspidatum (OxaM.) NOG. 5(4-6)B | 4(3-)C | X |H U R M(N) Q M (XX XIX-4
Meteorium buchananii v. cusprdatum (OKAM.) NOG. 5(4-5)B | 43-HC | X |H U R M) Q I |XXXIX-5
Meteorium buchananii v. cuspidatum (Oxam.) NoG. 2(2-3)A | 4(4-5)C X H U R M(N) Q M X XXIX-6
Moeieorium buchananii v. cuspidatum (OKAM.) NOG. 3(2-5)A | 4(3-5)C | X |H U R M(N)| O M |XL-1
Meteorium buchananii v. cuspidatum (OKAM.) NOG. 4(3-5)A | 4(4-5)C X |H U R_MMDI O I IXL-2
Meteorium miquelianum (C. MUELL. ) FL. 4(4-5)B | 4(4-4)D | X |H U R M(N) Q m |XL-3
Meteorium miquelianum (C.MUELL.) FL. 5(5-7)B | 4(4-5)D | X |H U R M(N)_ Q M (XL-4
Meteorium miquelianum (C. MUELL.) FL. 4(4-5)B | 4(4-5)D | X |H U R IM(N)| O m [XL-5
Meteorium miquelianwm (C.MUELL.) FL. 4(3-6)B | 4(4-5)D | X |H U R M(N) Q m |XL-6
Meteorium_miquelianum (C.MUELL.) PL. 5(4-6)B | 3(3-4)C | X |H U R M(IN)| QO m ([ XLI-1
Meteorium miquelianum (C. MUELL.) FL. 4(3-6)B | 4(3-5)D | X |H U R_M(N)_Q I |XLI-2
Pseudobarbella attennata (THWAIT. et MITT.) NOG. 4(4-6)B | 4(4-4)C X [H U R [IN(M)| Q m (XL TI-3
Pseudobarbella_attenuata (THWAIT. et MITT.) NOG. 4(2-5)A | 3(3-4)C |_X |H U | R IN(M) Q | W XLI-4
Pseudobarbella attenuata (THWAIT. et MITT.) NoG. 5(4-6)B | 4(3-5)C | X [H U R IN(M) O I |XLI-5
_Pscudobarbella_attenuata (THWAIT. et MITT.) NOG. 4(3-5)B | 44-HC | X |H U R |N(M)| Q M |[XLI-6
Pseudobarbella attenuata (THWAIT. et MITT.) NoG. 4(3-6)B | 4(3-4)C | X |H U R |IN(M)| Q m |XLI-1
Pseudobarbella attenuata (THWAIT. et MITT.) NOG. 4(3-5)B | 43-4)C | X |H U R_INOM)I QO M _|XLI-2
Pseudobarbella levieri (REN. et CARD.) NOG. 5%5—6§B 4(4-5)D | X I U R |IN(M)|_ Q mw (XLT-3
Pseudobarbella levieri (REN. et CARD.) NOG. 4(3-H)A | A(4-H)D | X |1 U R |[N(M) Q m (XL1I-4
Pseudobarbella leviers (REN. et CARD.) NOG. 5(5-6)B | 4(4-4)D | X |1 U R IN(M) Q m [XLI-5
Pseudobarbella levieri (REN. et CARD.) NOG. 4(3-5)B | 4(4-5)D | X |1 U R IN(M)| Q m (XLI-6
Pseudobarbella levieri (REN. et CARD.) NOG. 5(4-5)B | 4(4-4)D X |1 U R IN(M)| Q m (XLI-1
Pseudobarbella levieri (REN. et CARD.) NOG. 4(3-5)B | 4(4-5)D | X |1I U R |IN(M) O I | XLI-2
Bissetia lingulata (MITT.) BROTH. 4(3-5)B | 4(3-4)C X |G U S M P m | XLm-3
Bissetia lingulata (MITT.) BROTH. 4(3-5)B | 4(4-5)D X |G U S M P W | XLI-4
Bissetia lingulata (MITT.) BROTH. 5(4-6)B | 3(3-3)C X |G(H) U S M P m | XLIm-5
Bissetia lingulata (MITT.) BROTH. 5(5-6)B | 3(3-4)C X |G U S M P I | XL -6
Bissetia lingulata (MITT.) BROTH. 5(5-7)B | 3(3-3)C X |G U S M P m (XLIV-1
Bissetia lingulata (MITT.) BROTH. 4(4-5)B | 3(3-4)C | X |G U S M P I _(XLIV-2
Homaliadelphus targiontanus (MITT.) Dix. et VARD. 3(2-4)A | 3(3-3)C | X |G U S M P m [XLIV-3
Homaliadelphus targionianus (MI1TT.) Dix. et VARD. 3(2-4)A | 3(2-3)C X H U S M P m | XLIV-4
Homaliadelphus targionianus (MITT.) DIX. et VARD. 2(2-3)A | 3(3-4)C X [H U S M P m [ XLIV-5
Homaliadelphus targionianus (MITT.) Dix., et VARD. 3(2-)A | 2(2-3)C X |H U S M P m |(XLIV-6
Homaliadelphus targionianus (MiTT.) DIix. et VARD. 3(2-4)A | 3(3-4)C | X |H U S M P m |XLV-1
Homaliadelphus targionianus (MITT.) Dix. et VARD. 3(2-4)A 13(3-4)C | X |H U S M P I IXLV-2
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Homaliodendron scalpellifoliume (MITT.) FL. 8(6-10)B| 7(7-7)D [X 1 U S M P T XLV-3
Homaliodendron scalpellifolium (MitT.) FL. 7(6-11)B| 7(7-8)D |X 1 U S M P K XLV-4
Homaliodendron scalpellifolium (MITT.) FL. 8(8-11)B| 8(8-9)D [X 1 U S M P i} XLVI-1
Homaliodendron scalpellfiolium (MIiTT.) FL. 8(8-9)B | 6(6-H)D |X I U S M P i} XLVI-2
Homaliodendron scalpellifolium (MITT.) FL. 7(6-9)B | 6(6-7)D |X 1 U S M P jili XLVI-3
Homaliodendron scalpellifolium (MITT.) FL. 6(6-8)B | 7(6-8) D X 1 U S M P I X L VI-1
Neckera borealis NOG. 7(7-8)B | 4(4-5)D |X I(H) U S M P il XL VI-2
Neckera borealis NOG. 7(6-8)B | 5(5-6)D [X 1 U S M P m X LVI-3
Neckera borealis NOG. 6(6-9)B | 5(4-5)D |X 1 U S M P il X LVII-1
Neckera borealis NOG. 7(6-9)B | 4(3-4)C |X 1 U S M P m X L VI-2
Neckera borealis NOG. 7(6-8)B | 4(4-5)D |X 1 U S M P m X LVI-3
Neckera borealis NOG. 6(6—8),13r 4(4-4)D |X ji U S M P I X LIX~-1
Neckera flexiramea CARD. 4(4-5)B | 4(3-5)D |X 1 U S M P i X LIX-2
Neckera flexiramea CARD. 4(3-5)B | 4(4-5)D |X 1 U S M P jii} X LIX-3
Neckera flexiramea CARD. 4(4-5)B | 4(4-4)D |X 1 U S M P m X LIX-4
Neckera_flexiramea CARD. 5(4-6)B | 4(4-4)D |X I U S M P 1T X LIX-5
Neckera flexiramea CARD. 4(3-6)B | 43-4)C [X I U S M P i} L-1
Neckera flexiramea CARD. 6(5-6)B | 4(3-HC X 1 U S M P I L-2
Neckera humilis MITT. 6(6-8)B | 4(4-5)D |X I U S M P I L-3
Neckera humilis MITT. 7(6-8)B | 4(4-5)D |X 1 U S M P I L4
Neckera humilis MITT. 6(5-8)B | 5(5-5)D |X I U S M P i) LI-1
Neckera humilis MITT. 6(5-7)B | 4(4-5)D |X 1 U S M P il LI-2
Neckera humilis MITT. 5(5-6)B | 5(5-5)D |X I U S M P i} LI-3
Neckera humilis MITT. 6(5-1)B | 5(5-5)D X 1 U S M P I LI-1
Neckera muratae NOG. 5(5-7)B | 4(4-4)D |X 1 U S M P jil} LII-2
Neckera muratae NOG. 4(3-4)A | 43-H)C X 1 U S M P jil} LI-3
Neckera muratae NOG. 4(4-5)B | 4(4-4)D |X 1 U S M P il LI-4
Neckera muratae NOG. 5(4-5)B | 4(4-5)D |X i U S M P jili LI-5
Neckera muratae NOG. 5(4-5)B | 5(4-6)D [X(W)|I U S M P jil} LI-1
Neckera muratae NOG. 5(4-5)B | 4(4-5)D [X(W)II U S M P M | LI-2
Neckera pennata FHEDW. 6(5-7)B | 5(4-5)D |X 1 U S M P I LII-3
Neckera pennata HEDW. 5(4-6)B | 5(5-5)D |X(W)|1I U S M | P i) L4
Neckera pennata HEDW. 5(4-6)B | 4(4-4)D |X 1 U S M P jili LI-5
Neckera pennata HEDW. 4(3-5)B | 4(3-H)C |[X(W)|I U S M P il LII-6
Neckera pennata HIEDW. 4(3-5)B | 5(5-5)D |X 1 U S M P i LIV-1
Neckera pennata HEDW. 4(3-5)B | 4(4-5)D IX 1 U S M P i LIV-2
Neckera pusilla MITT, 6(6-7)B | 4(4-5)D [X 1 U S M P I} LIV-3
Neckera pusilla MITT. 6(5-6)B | 4(4-5)D |X I U S M P 1 LIV-4
Neckera pusilla MITT. 5(4-6)B | 4(4-4)D [X 1 U S M P m LIV-5
Neckera pusilla MITT. 6(5-6)B | 5(4-5)D |X 1 U S M P jil} LIV-6
Neckera pusilla MITT. 5(4-6)B | 4(4-5)D |X I U S M | P 1T LV-1
Neckera pusilla MITT. 5(4-6)B | 4(4-5)D |X I U S M | P I LV-2
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Neckera yezoana BESCH. 5(5-7)B | 4(3-5)D [X I U S M P 10 LV-3
Neckera yezoana BESCH. 6(6-7)B | 4(4-4)D X 1I(H) U S M P i LV-4
Neckera yezoana BESCH. 7(6-9)B | 5(4-6)D |X I(H)| U S M P i LVI-1
Neckera yezoana BESCH. 7(7-10)B| 5(4-6)D |X 1I(H) U S M P m LVI-2
Neckera yezoana BESCH. 7(7-9)B | 5(4-5)D |X 15 U S M P il L VI-3
Neckera yezoana BESCH. 8(8-10)B| 5(4-5)D |X 1 U S M P il L VI-1
Neckeropsis calcicola NOG. 5(4-7)B | 4(4-5)D W 1 U S M P Jil} LVI-2
Neckeropsis calcicola NOG. 4(3-5)B | 3(3-4)C (W I U S M P i L VI-3
Neckeropsis calcicola NOG. 4(3-4)A | 3(3-4)C W I U S M P m L VI-4
Neckeropsis calcicola NOG. 4(4-5)B | 3(3-4)C W 1 U S M P il LVI-5
Neckeropsis calcicola NOG. 5(5-6)B | 3(3-4)C [W(X)|1 U S M P Jil} LViI-1
Neckeropsis calcicola NOG. 4(3-4)A | 4(4-5)D [X I U S M P jil L VI-2
Neckeropsis nitidula (MITT. ) FL. 4(3-6)B | 4(4-4)D |X I U S M P il LVI-3
Neckeropsis nitidula (MitTT.) FL. 4(3-6)B 4(4-5)D |X(W)|I 19) S M P 1L LVi-4
Neckeropsis nitidula (MiTT.) FL. 4(3-6)B | 5(4-5)D |X I U S M P jil L V-5
Neckeropsis nitidula (M1TT.) FL. 4(4-5)B | 5(5-5)D |X I U S M P il L VI-6
Neckeropsis nitidula (MiTT.) FL. 4(3-5)B | 4(4-5)D |[X(W)|1I U S M P i} LIX-1
Neckeropsts nitidula (MiTT.) FL. 5(4-5)B | 5(5-5)D |X(W)|I U S M P 1T L IX-2
Neckeropsis obiusata (MONT.) FL. 4(4-5)B [ 4(3-40)C [X I U S M P(O)| II LIX-3
Neckeropsis obtusate (MONT.) FL. 4(3-5)B | 3(3-4)C X I U S M P i LIX-4
Neckeropsis obtusaia (MoONT.) FL, 5(4-6)B | 4(3-4)C [X(W)|I U S M P il LIX-5
Neckeropsis obtusata (MONT.) FL, 5(4-5)B | 4(3-4)C |X 1 U S M P il L IX-6
Neckoropsis obtusata (MoONT.) FL. 5(4-6)B | 4(4-4)C |X ] U S MMN)P m LX-1
Neckeropsis obtusata (MONT.) FL. 4(4-6)B | 4(4-4)C |X(W)|I U S M(N)|P iy L X-2
Pinnalella makinoi (BROTH. ) BROTH. 4(3-4)A | 5(5-5)D |X I U S M P IE L X-3
Pinnatella makinoi (BROTH.)) BROTH. 6(4-6)B | 5(4-5)D [X(W)|I U S M P jil} LX-4
"Pinnatella makinoi (BROTH.) BROTH. 4(3-6)B | 5(5-5)D |X 1 U S M P i} L X-5
Pinnatella makino: (BROTH.) BROTH. 5(4-6)B | 5(5-6)D |X I U S M P i} LX-6
Pinnatella makinot (BROTH.) BROTH., 4(3-6)B | 5(5-5)D |X I U S M P I L XI-1
Pinnatella makinot (BROTH.) BROTH. 4(3-6)B | 4(4-5)D |X 1 U S aM P i L XI-2
T hamnobryum alopecurum (HEDwW.) NIEUWL. 8(7-9)B | 6(5-6)D |VW [I U S M P m L XI-3
Thamnobrywm alopecurum (HEDW.) NIEUWL. 7(7-9)B | 5(5-6)D W(X)|I(H)| U S M P jil LXI-4
T hampobryum. alopecurum (HEDW.) NIEUWL. 7(6-8)B | 5(5-5)D |W 1 U S M P Jil L XI-1
Thamnobryum_alopecurum (HEDW.) NIEUWL. 7(6-8)B | 5(5-6)D (W I U s MM)|P I L XI-2
T hamnobryum alopecurum (HEDW.) NIEUWL. 7(6-8)B | 4(4-5)D W(X)|I U S M(N)|P il LXI-3
T hammnobryum alopecurum (HEDpW.) NIEUWL. 7(6-8)B | 4(4-5)D |[W I U S M(N)IP i} L XT-1
Thamnobryune plicatulune (LAC. ) IWATS. 7(7-8)B | 3(3-)C |[V(W)H U S M(N)P(O) It L XI-2
T hammnobryum plicatulum (Lac.) IWATS. 7(7-8)B | 3(3-4)C |V H U s M(N)P jil L XT-3
Thammnobryum plicatulum (LAC.) IWATS. 8(6-9)B | 3(3-4)C |V H U S MMNDP(O)| It LXIV-1
T hamnobryum plicatulum (LAc.) IWATS. 9(8-10)B| 4(3-4)C |V H(I) U S MIN)PCO)| I L XIV-2
Thamnobryum plicatulum (Lac.) IwATS. 9(9-10)B| 4(3-4)C |V H(1)| U S MNP0 I L XIV-3
T hamnobryum plicatulum (LAC.) IWATS. 9(8-10)B| 3(3-4)C |V H(1) U S IMN)IP(O) m | LXV-1
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Neobarbella pilifera (BROTH. et YAS.) NOG. 5(5-5)B | 3(3-4)C |[X(W)|I U |S M P T L X X VI-]
Neobarbella pilifera (BROTH. et YAS.) NOG. 4(3-4)A | 4(4-4)C X 1 U s M P il L XX VI-2
Neobarbella pilifera (BROTH. et Yas.) Noa. 5(4-5)B | 4(3-4)C |X 1 U |s M P I L X XVI-3
Neobarbella pilifera (BROTH. et Yas.) NoG. 4(4-5)B | 3(3-4)C |X 1 U |S M P il L XX Vi-4
Neobarbella pilifera (BROTH. et Yas.) Noa. 3(2-)A | 4(4-4)C |X 1 U S M P i} L X X VI-5
Neobarbella pilifera (BROTH. et Yas.) NoG. 5(4-5)B | 4(3-4)C |X 1 U |S M P I L X X VI-6
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walls of the central tissue are as thick as those of the internal cortex (P-type), but the
stems of Meteoriaceae and Trachypodiaceae (only Duthiella) show a Q-type (the cell
walls of the central tissue are thinner than those of the internal cortex). Next, in
Climaciaceae, Meteoriaceae (Chrysocladium, Pseudobarbella, Aerobryum, Flovibundaria),
and Trachypodiaceae (only Duthiella), the cells of the central tissue are smaller than those
of the internal cortex (N-type). However, Fontinalaceae, Neckeraceae, Lembophyllaceae,
Hedwigiaceae, Leucodontaceae, Pterobryaceae, and Meteoriaceae (Meteoriopsis, Meteorium,
Barbella) have M-type stems. The central tissues of Climaciaceae, Fontinalaceae (only
Dichelyma), Neckeraceae, Lembophyllaceae, Hedwigiaceae, Leucodontaceae, Pterobryaceae,
and Trachypodiaceae (only Trachypus) are not parenchymatous (S-type), but in
Fontinalaceae (only Fontinalis), Meteoriaceae, and Trachypodiaceae (Duthiella), the
central tissue of the stem is parenchymatous (R-type).

There is something in common among the characteristics of the interior structure of
the stem in the species belonging to the identical family (see Table 2). In Climaciaceae,
the stems of the species are of the identical type of III-P-N(M)-S-U-H-X; in
Fontinalaceae, III-P-M-U-H-X; in Neckeraceae, III-P-M-S-U; in Lembophyllaceae,
III-P-M(N)-S-U; in Hedwigiaceae, III-P-M-S-U-I-X; in Leucodontaceae, III-P-
M(N)-S-U; in Pterobryaceae, III-P-M-S-U; in Meteoriaceae, I1I-Q-R-U-X; and in
Trachypodiaceae, III-P-M-S-U or IV-Q-N-R-U.

As stated above, some regularity can be seen among the anatomical characteristics
of the stems in all species belonging to the identical family,except Trachypodiaceae.
From these facts, the anatomical characteristics mentioned above, that is, the type of
inner differentiation of the stem (III-and IV-types); comparative thickness of the cell
walls of the central tissue and of the internal cortex (P-and Q-types); comparison of the
size of the cells of the central tissue and that of the cells of the internal cortex (M-
and N-types); and the thickness of the cell walls of the central tissue (R-and S-types),
appear to be very important in making an investigation of the essential characteristics.

II. What sort of anatomical characteristics should be taken up for systematic study?

(1) Examination of the essential character of the interior structure resulting from
the process of division in the apical cell of the stem

In Climacium, the ontogeny of the apex of the stem was investigated, and the

process of cell division of the apical cell was roughly clarified (KAwWAI 1977). There are di-

fferent views of how to deal with the segmentation of the apical cell of the stem. In this

paper the process of segmentation is divided into several periods of cell division, which

correlate with the order of cell division, as KAWAI (1974) suggested. A series of cell

divisions in each period are simplified, and the ontogeny of the stem apex is investigated
in relation to the modes of the cell division.

The period in which a large apical cell (meristematic cell) is situated on the pointed

end of the stem and separates the segments,is called the first-division period. The period in



Tab. 2 Affinity regarding the anatomical characteristics of the stem in fifty-eight species

of Isobryales

Family Species BI All-b All-a BII Type

Climaciaceae Climacium dendroides B D X 1(H) U S NM) | P i
Climacium japonicum B C X H U S NM) | P il

. Fontinalis hypnoides % C X H U R M P I
Fontinalaceae |\ gm0 bonicum * D | X ] T | S M P T
Homaliadelphus targionianus A C X H U S M P jiiN

Bissetia lingulata B [} X G U S M P Jiiy

Homaliodendron scalpellifolium B D X I U S M P 1T

Neckeropsis nitidula B D X I U S M P I

Neckeropsis obtusata B C X 1 U S M P Jii

Neckeropsis calcicola B C W I U S M P A

Neckera borealis B | D X I U S M P il

Neckera flexiramea B D X I U S M P i}

Neckera humilis B D X 1 18] S M P jilg

hGekeraceas Neckera muralac B D | X I U s M P i
Neckera pennata B D X 1 U S M P It

Neckera pusilla B D X 1 U S M P i

Neckera yezoana B D X I1(H) U S M P 1

Pinnatella makinoi B D X I U S M P i}

T hamnobrywm alopecurum B D W I U S M P Jii

T hamnobryum sandei v. cymbifolium A C X I U S M P I

Thamnobryum sandei B D X G U S M(N) | P i}

Thammnobryum plicatulum B C vV H U S M(N)I P il

Dolichomitra cymbifolia B C X G U S M(N)| P Jii}

Dolichomitra cymbifolia v. subinlegerrima B D X G U S M(N) | P il

Lembophyllaceae Neobarbella pilifera B C X i1 U S M P 1L
Py Isothecium subdiversiforme B C X(W) | I U S M(N) | P o
Dolichomitriopsis diversiformis B D X 1 U S M(N) P Jii}

Dolichomitriopsis crenulata B D X I U S(R) | M(N) | P(Q) il

Hedwigiaceae Hedwigia ciliata A [ X 1 U S M P ik
Leucodon noguchii # D X H U S M P Jill

Leucodontaceae _L_e_u»cgi on_exaltatus B ¢ W H U S M(N) | P I
Leucodon sapporensis B C X 21 U S M(N) | P il

Dozya japonica B D W I U S M(N) | P I
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Pterobryum arbuscula B D X I U S M P jiii
Myurium assimile A C X I U S M P Jill
Pterobryaceae | —370 Zn Fragile A C W | 1 U s M P I
Calyptothecium hookeri B &) X G U S M P i}
Calyptothecium wurvilleanum B C X H U S M P jiin
Myuriopsis sinica B C X H U S M(N) P il
Meteorium buchananii ssp. helminthocladulum B D X H U R M(N) 0 Jill
Meteorium buchananii v. cuspidatum A(B) C X H U R M(N) Q jili
Meteorium miquelianum B D X H U R M(IN) Q I
Meteoriopsis reclinata B C X B U R M(N) Q m
Barbella pendula A C X H U R M(N) Q jiii
Barbella enervis A C X H U R M Q il
Meteoriaceae Barbella flagellifera A C X 1(H) 18] R M Q il
Floribundaria psewdof loribunda A C X I U R N Q m
Floribundaria awrea ssp. nipponica B D X 1 U R .| N Q jiil
Floyibundaria floribunda B C X I U R N Q il
Aerobryum speciosum B D X 1 U R N Q jili
Pseudobarbella levieri B D X 1 U R N(M) Q m
Pseudobarbella altenuata B C X H U R N(M) Q 1L
Chrysocladium yetrorsum B C X 31 U R N(M) [0} jili
Trachypus humalis B Cc X I U S M P Jii}
Trachypus bicolor B D X 1G U S M(N) P il
Trachypodiaceae| Duthiella flaccida B C X 1 U R N Q v
Duthiella wallichii B D X 1 U R N Q v
Duthiella speciosissima B D | X H | U R N Q v

Bl-cell seems to develop into a leptom-system (the internal cortex); AIl-b-cell seems to develop into a cortex of the stem (the external
cortex); All-a-cell seems to develop into an epidermis of the stem (the epidermis); Bll-cell seems to develop into a hadrom-system
(the central tissue).
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Systematic Studies on the Conducting Tissue of the Gametophyte 215

which the segments develope into the initial organs, is named the second-division
period. The period forming the initial tissues, is named the third-division period (see
Table 3). ‘

In the first-division period (the period that forms the segments) the apical cell of the
stem separates the segments into three directions. If these segments are named I-1, I1-1,
IT1-1, I-2, 11-2 and III-2, in the order formed, the segments I-1, II-1 and III-1 arrange
themselves in triangular form this follows for the I-2, II-2, and III-2 segments too.
The segment I-2 is formed on top of the I-1, the segment II-2 on top of the II-1, and
the segment III-2 on top of the III-1. The segments I-1, I-2, etc. are categorized as
the segment I series, and in the same way, the segments II-1, II-2, are placed in the
segment II series, and the segments I1I-1, ITI-2, etc., in the segment IIT series. Due to
the fact that the apical cell cuts the segments obliquely with three cutting planes on a
spiral course, the mode of the cell division is called, “Drei geneigt geschnittenen
Furchungsgeschichter-Typ (DGS).”

In the second-division period (the period forming the initial organs), the segment
which has been divided twice obliquely and again divided transversely into large and
small cells, is composed of five cells (the initial organs). Since in the ontogeny the
segments are cut off in two directions. This mode of cell division is called “Zwei
geneigt geschnittenen Furchungsgeschichter-Typ (ZGS).” The two top cells which are
the initial leaf(Al-origin), are bisymmetrical. The two cells in the middle part which
are the initial epidermal layers (All-origin), are also bisymmetrical. The basal cell is
the init-ial central tissue(B-origin).

In the third-division period (the period forming the tissue) all the initial organs
divided by a transverse section, form the initial tissues, that is, the Al-origin is divided
into the AI-1 and AI-2, the All-origin into the All-a and AIl-b, and the B-origin into
the BI and BIIL.

The segment which is formed by the DGS mode of celi division in the first-division
period, separates obliquely into two A cells and a B cell by a series of two divisions in
the earlier half of the second-division period. In the latter half of the second-division
period the A cells are transversely divided into AI cells and AII cells. The AI cells
appear to develop into a leaf, the AII cells into the cortical layers of the stem, and the
Beell into the axial cylinder of the stem. Inthe earlier half of the third-division period the
AT cells and the AII cells are respectively divided into AI-1 and AI-2 cells, All-a and
ATI-b cells, all by transverse sections. The AI-1 cells seem to become lamina, the AI-2
cells leaf base, the All-a cells epidermis of the stem, and the AII-b cells the cortex of
the stem. The stem consists of an epidermis , cortex, and an axial cylinder. In the
latter half of the third-division period, the B cell is divided into BI and BII cells by a
transverse section. The BI cell seems to develop into a léptom—system, and the
BII cell into a hadrom-system. The structure of the stem is epidermis — cortex —
leptom — hadrom.

In the earlier half of the forth-division period the BII cell is divided into the BlIl-a



Tab. 3 Relationship between the ontogeny of the stem and the types of interior differentiation

1-division 2-division period 3-division period 4~division period Periods of the cell divisi
period Former Latter Former ] Latter Former { Middle Last eriods ol the cell division
E i E | —a { Lamellen
E i i | a“——’ !
f E E a a*'? | Epidermis d. Blattoberseite
: E ; a* i Stereidenband d. Blattoberseite
5 E Al-1| a— alze H Deuter
: : e |
E 5 al?i Leptoiden Leaf
H ; g12!
i L atl—| gtz Hydroiden
i attz Stereidenband d. Blattunterseite
l - all A—_[
alt Epidermis d. Blattunterseite
Al-2 Al-2 A2 — A2 | — AL 2] Leaf base
— All-a |—{ All-a || All-a |—{ All-a |—{ All-a | | Epidermis
SEG All Allb-1 | All-b-1 ]| Outer cortex
] Allb —] Al-b || All-b
All-b-2 H All-b-2 || Inner cortex
BI-1 Leptoid
Parenchyma (Leptom) Stem
EB—IJ @ 7@ Bil-a }———I Bil-a |— Bil-a | Hydrom-sheath
é ; BII Hydroid
; i : BII-b I BIl-b
! i ': i E Stereid
I-type II-type III-type IV-type V-type Vi-type Types of interior differentiation of the stem

al, a2, etc.: after W. Frey (1970)
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Systematic Studies on the Conducting Tissue of the Gametophyte 217

and BII-b cells. The BIl-a cell seems to be differentiated into a hydromsheath, and
the BII-b cell into a hadrom-system. The structure of the stem is an epidermis, cortex,
leptom system, hydromsheath system, and a hadrom system. Since the AII-b cell is
divided into AIl-b-1(outer cortex) and AII-b-2 (inner cortex) in the middle stage of the
forth—division period, the structure of the stem appears to show an epidermis — outer
cortex — inner cortex — leptom — hydrom sheath — hadrom development. In the
latter half of the forth-division period the BI and BII-b cells are respectively divided
into BI-1 and BI-2 cells, BII-b-1 and BII-b-2 cells, by transverse sections. The BI-1
cell seems to develop into a leptoid, the BI-2 cell into a parenchyma, the BII-b-1 cell
into a hydroid, and the BII-b-2 cell into a stereid. The interior structure of the stem
consists of epidermis, outer cortex, inner cortex, leptoid, parenchyma, hydrom sheath,
hydroid, and a stereid.

HEBANT (1973, 1974, 1976, 1977) examined the organization of the stem in Polytri-
chales, through a light and electron microscope, and made a detailed study of the con-
ducting tissue. He stated the following : “The hydroids of the central strand originate
from the most central part of the segment, which are cut off from the apical cell.”
(HEsanT 1973) Judging from the above mentioned, the initial cell of the hydroid seems
to be the BII-b or BII-b-1 cells as shown in Table 3. He also stated the following : “In
the aerial leafy stems of Dawsonia longiseta and D. polytrich all these cells differentiate
as hydroids. In the aerial leafy stems of all the other species of Dawsonia one part only
of the§e cells differentiates into hydroids; the others yield stereid.” (H&sanT 1976)
Considering this statement, it seems that the BII cell which all differentiates into
hydroids in one species, develops, however, into hydroids and stereids in other species.

HeeanT discussed the leptoid as follows: “Leptoids originate within apical derivatives
from just below the level of the first perclinal wall which divides each segment.”
(HesanT 1976) “The origin of the leptoids is in the cells deriving from the upper part of
the initial cell of the central tissue, which is delimited by the first division of the
segment.” (HEBaNT 1973) In this paper, the leptoids appear to originate from BI or BI-1
cells, in Table3. Through the observation of the stem of Climacium (KAWAI 1977) the
ATI-b cell seems to differentiate into a cortex (hitherto called “external cortex”), and
the All-a cell seems to differentiate into an epidermis. On the ontogeny of a leaf,
FREY’s full investigation (1970) is shown in Table 3.

On the concept of the conducting strand, HeeanT stated the following in “The
conducting tissue of Bryophyte”. “In the present review, this expression (the conducting
strand) will be used only when at least a strand of clearly defined water—conducting cells
is present. Identification of true strands on sections of either living or fixed material is
easy since their constituent elements are dead and empty when mature. At this point,
particular mention must also be made of the specialized elements devoid of protoplast at
maturity, which are found in such bryophytes as Sphagnum, Leucobryum, etc. ”(HEBANT
1977) Among the interior structures of the stem the conducting tissue must be one of the
most important. However it is difficult to identify and to clearly define each conducting
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tissue (leptoid, hydroid, stereid and hydrom sheath etc.) in all bryophyte, because in
certain species (e. g. Sphagnum, Andreaea, etc.) each conducting tissue is in the process
of development. It is also difficult to determine a relationship between the conducting
tissue of bryophyte and spermatophyte. It is necessary for research to shed light on the
problem of the relationship between the conducting tissues of sporophyte and gameto-
phyte in bryophyte. And following that, the relationship between the conducting tissue
of sporophyte in bryophyte and in spermatophyte should be brought to light. However,
in regard to the sporophyte and gametophyte, first there are problems to be solved as to
the origin of the tissue and the identification of the homologous tissue. Systematic
studies on the conducting tissue of the gametophyte in Musci should be founded on
systematic studies of the conducting tissue in the vegetable kingdom. However, we cannot
wait too long for the system of the conducting tissue in the vegetable kingdom to be
perfected. Accordingly, we have to do research into problems we are able to wrestle
with at the present stage of science. Perhaps one of these problems is to difine the
essential characteristics of tissues.

Among the anatomical characteristics hitherto observed, the following four items
seem to show high regularity : type of the interior differentiation (III-and IV-types);
comparison in thickness between cell walls of the central tissue and those of the internal
cortex (P- and Q-types); comparison between cell-gize of the central tissue and that of
the internal cortex (M- and N-types); and thickness of the cell walls of the central
tissue (R- and S-types) which are closely connected with division at the early stage of
the ontogeny. As one of the most important characteristics, the types of interior
differentiation were separated into six areas by Kawar et IkEpa (1970). Since then a
series of papers on the conducting tissue of the stem in Polytrichales by HEanT (1973,
1974, 1976, 1977) and in Climacium by Kawai (1977) were made public, and have helped to
clarify some difficult points. The areas of division call for a partial revision in light of
this published research :

I-type: cortical layer — axial cylinder

II-type : epidermis — cortex — axial cylinder

III-type : epidermis — cortex — leptom — hadrom

IV-type : epidermis — cortex — leptom — hydrom sheath — hadrom

V-type : epidermis — outer cortex — inner cortex — leptom — hydrom sheath —

hadrom

VI-type: epidermis — outer cortex — inner cortex — leptom — parenchyma —

hydrom sheath — hydrom — stereom

(2) Affinity among the genera of Meteoriaceae
NocucH1(1976) did research into the systematic study of Meteoriaceae,and published his
results. In the paper, he discussed the affinity 'among the genera of Meteoriaceae, expre-
ssing an opinion concerning karyotypesin some genera already studied by INouE and Momn
(1971). NocucHi stated the following : “According to INOUE and Mowmil, the karyotype of
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Meteorium is derived from that of Flovibundaria floribunda through that of Meteoriopsis
by the reduction and change of medium-sized chromosomes. Morphologically, Meteorium
has greatly differentiated from Floribundaria floribunda during a long course of evolution.”

Anatomically too, the stem of Meteorium differs greatly from that of Floribundaria.
He also stated the following on the relationship among Barbella, Meteoriopsis and
Pseudobarbella : “Barbella and Pseudobarbella are closely related to each other. I think
that the genus most related to those two genera is Meteoriopsis which differs slightly
from Barbella by the recurved or divergent foliation, and from Pseudobarbella by the
short setae.” Anatomically, the stems of Barbella and Meteoriopsis have a great deal in
common with each other. However, the stem of Pseudobarbella differs from those of
Barbella and Meteoriopsis. Concerning Meteorium, NOGUCHI stated : “It should be noted
that the cells of Papillaria, which is closed related to Meteorium, are multipapillose and
are regarded as primitive.” As stated above, the stem of Meteorium with a M-type
may be more primitive than those of Floribundaria, Aevobryum, Pseudobarbella, and
Chrysocladium, according to anatomical observation.

As in the above mentioned discussion, a part of the affinity among the stems of
each genus regarding the anatomical characteristics appears to be in accord with the
NogucHI-system and INous-Mowmi-system, but the rest may not always be so. All things
considered, however, doesn’t the anatomical affinity among the stems of Meteoriaceae
have some relativity to the Nocucui-and INnoue-Momi-system?

(3) The natural order among the anatomical characteristics of the stem

We studied the cross sections of the stem of the eighteen families already observed :
Fissidentaceae, Entodontaceae, Thuidiaceae, Hypnaceae, Mniaceae, Bartramiaceae,
Dicranaceae, Grimmiaceae, Polytrichaceae, Climaciaceae, Fontinalaceae, Neckeraceae,
Lembophyllaceae, Hedwigiaceae, Leucodontaceae, Pterobryaceae, Meteoriaceae and
Trachypodiaceae. Out of the sketches so far made public, we also examined the
sketches of Plagiotheciaceae (Iwatsuki 1970, 1974), Sematophyllaceae (IwaTsuki 1963, SEKI
1968), Hypnaceae (Anpo 1957, 1966, 1972, 1973a,b,c, 1975), Rhytidiaceae (Nocucui 1972),
Hylocomiaceae (Nocucui 1972), Fabroniaceae (IwaTsuki et Suarp 1967b), Leskeaceae
(Nocucur 1953), Thuidiaceae (WaTaNaBe 1972), Hookeriaceae (MATTERI 1972, 1975, ZANDER et
HecewaLp 1976), Hypopterygiaceae (NocucHr 1951), Bartramiaceae (MaTTERI 1968, 1973),
Ptychomitriaceae (Nocucur 1954), Orthotrichaceae (Iwatsukr 1959a), Dicranaceae (TAKAKI
1962, Iwatsuxki et SHarp 1967), Pottiaceae (Sarro 1975), Erpodiaceae (NocucHi 1952),
Grimmiaceae (NocuUcHI 1974), where we could determine ten of our demarcations.

According to Table 4, the stems of almost all the genera except for a few, have
many anatomical characteristics in common in the species belonging to a genus. The
stems of almost all the families also have anatomical characteristics in common in the
species belonging to a family, except for Hylocomiaceae, Fabroniaceae, Trachypo-
diaceae and Pottiaceae. Furthermore, some characteristics are found in common even
among the species belonging to an identical order.
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Haplohymenium mM-P-M-U-S
Miyabea mn-rP-M-U-S
Abictinella mn-P-M-U-S-W-H
Boulaya n-P-M-U-S-W-H
Bryonoguchia nm-P-M-U-5-X-G
Hylocomiopsis n-P-M-U-S-X-G
“Herpetineuron V-O-N-U-R-W-H
CLIMACIACEAE Climacium M-P-N(M)-S-U-X M-P-N(M)-S-U~-X
Fontinalis M-P-M-R-U-H-X
FONTINALACEAE Dichelyma TP V=S —U-E-X M-P-M-U-H~X
Homaliadelphus M-P-M-S-U-H-X
Bissetia M-P-M-S-U-G-X
Howmaliodendron Im-P-M-5-U-1-X
NECKERACEAE “Neckeropsis M-P-M-S-U-1 Mm-P-M-S-U
Neckera m-P-M-S-U-V-1-X
Pinnatella M-P-M-S-U-1-X
T hamnobyyum m-P-M-S-U
Dolichomitra mM-P-M(N)-S-U-G-X
LEMBOPHYLLACEAE Neobarbella M-P-M-S$-U-1-X m-P-M-S-U
Isothecium Mm-P-M-S-U-1-X
Dolichomitriopsis |T-P-M-S-U-X-D
HEDWIGIACEAE Hedwigia M-P-M-S-U-1-X M-P-M-S-U-1-X glIN( )= (1\%( S)
Leucodon Mm-P-M-S-U-H -N-
LEUCODONTACEAE Dozya T-P-M-S-U-1-W m-P-M-S-U
Pterobryum -P-M-S-U-1-W
ISOBRYALES M. yuriujr)n %—g —ﬁ— g -8— I
PTEROBRYACEAE Calyptothaecium T-P-M-S-U m-P-M-S-U
Mywuriopsis M-P-M-S-U-H-X
Meteorium m-O-M-R-U-H-X
Meteoriopsis m-Q0-M-R-U-H-X
Barbella MmM-O-M-R-U-X
METEORIACEAE Floribundaria M-O-N-R-U-1-X m-Q-R-U
Chrysocladium TM-Q-N-R-U-H-X
Pseudobarbella M-O-N-R-U-X
Aerobryum M-O-N-R-U-1-X
Trachypus M-P-M-S-U-X U-x
TRACHYPODIACEAE Duthiella V-O-N-R-U-X
Achrohypnella M-P-M-U-S-X-G
Hookeriopsis m-P-M-U-S5-V-1
Distichophyllum n-P-M-U-S-H-W
HOOKERIACEAE Schimperobryum M-P-M-S-U-I-W(X)|M-P-M-S-(U)
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Sauloma m-P-M-S-U-1-V
Leptodontiella m-P-M-S-T-1-V
HOOKERIALES Hookeria M-P-N-U-S-X-G m-P-(U)
Eriopus M-P-N-S w-Q)
Pterygophyllum M(IV)-Q-N-R-U-H-V
Lepidium Mm-O-M-R-U-G-W
Catharomnium T (IV)-P-N-R-U-H-X(W)
HYPOPTERYGIACEAE Cyathophorella M(IV)-P-N-R-U-H-W, é m)-(P)-(N)-R-U
Hypopteryginm V-O-N-R-U-1-V V-Q-N)
Orthomniopsis V-O-N-U-R-W-1
Pseudobrywm V-O-N-U-R-W-H
MNIACEAE Plagiomnivm V-O-N-U-R V-Q-N-U-R
Rhizomnium V-O-N-U-R-X-G
EUBRYALES Mnivm IV-O-N-U-R-X-G V-Q-N-R
Trachycystis IV-O-N-U-R-X-G
Philonotis IV-Q-N-T-R-V-1I
BARTRAMIACEAE Broutelia V-O-N-T-R-V-1 E—Q—N—T—R—V— I
PTYCHOMITRIACEAE | Plychomitrium m(IV)-O-N-U I(V)-O-N-U
ORTHOTRICHALES |- GRTHOTRICHACEAE | Ulofa M-P-M-5-U T-P-M-5-U n-u
Trematodon !IV—Q—N—R—U—X—H
Aongstroemia V(I)-O-N-R-T-C
Onchophorus V-P-N-U-R-W-H
DICRANALES DICRANACEAE Leucoloma W-P-N-U-R-W-1 W-N-(R)-U W-N-(R)-U
T hysanomitrium IV-P-N-T-R-V-1
Campylopodinm IV-O-N-U-S-X-H
Dicranum lI_\[—O—N-U— S-H
Tortella M-O-N-T-R-V-1
Weissia MmM-O-N-R
Amnoectangivm Mm-O-N-U-R-X-G
Trichostomum M-Q-N-U(T)-R-V-1
Bryoerythrophyllum [TI-Q-N-U-R-V-G
POTTIALES POTTIACEAE Barbella m-Q-N-U M-U-(R) mM-U-(R)
Didymodon M-N-U-R-X-G
Timmiella M-P-N-U-R-W-H
Eucladium M-P-M-U-R-W-H
Weisiopsis m-P-M-U-S-W-H
Leptodontium M-P-M-U-S-X-G
Gymnostomum m-P-M-S
Pseudosymblepharis {II-P-M-T-S-V-1

(444

IVMV] OMEST



GRIMMIALES

ERPODIACEAE

Solmsiella

Aulacopilivm
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PLAGIOTHECIACEAE: after IWATSUKI (1970, 1974), SEMATOPHYLLACEAE: after IwATSUKI (1963), SEXI (1968), HYPNACEAE:

after ANDO (1957, 1966, 1972, 1973a,b,c, 1975), NoGcucHI (1972),

IWATSUKI et SCHOFIELD (1973), RHYTIDIACEAE: after NoGUCHI

(1972), HYLOCOMIACEAE: after NoGucHI (1972), FABRONIACEAE: after IWATSUKI et SCHARP (1967), LESKEACEAE: after NoGUCHI
(1953), THUIDIACEAE: after WATANABE (1972), WATANABE et Kawar (1975), HOOKERIACEAE: after MATTERI (1972, 1975), ZANDER
u. HEGEWALD (1976), HYPOPTERYGIACEAE: after NoGcucHI (1951), BARTRAMIACEAE: after MATTERI (1968, 1973), PTYCHOMI
TRIACEAE: after NocucHI (1954), ORTHOTRICHACEAE: after IwWATSUKI (1959), DICRANACEAE: after TAKAKI (1962), IWATSUKI
et SCHARP (1967), POTTIACEAE: after Saito (1975), ERPODIACEAE: after NoGucHI (1952), GRIMMIACEAE: after NoGUCHI(1974).
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Next, it should be considered which characteristics are in common among more
species. The characteristic described as the type of interior differentiation (III-, IV-
and VI-types) in the stems of all genera (134 genera) is in common among the stems of
the identical genus. The characteristics of whether the cell walls of the central tissue
are thicker (O-type), as thick (P-type), or thinner (Q-type), than those of the internal
cortex, and whether cells of the central tissue are larger (L-type), as large (M-type), or
smaller (N-type), than those of the internal cortex, are found in common among the
species belonging to a genus in almost all of the genera (127 genera). And the
characteristics of whether cells of the central tissue are parenchymatous (R-type) or not
(S-type), and whether cells of the epidermal layer are parenchymatous (T-type) or not
(U-type) are found in common in a fairly large number of genera (118-123 genera). In
almost all of the families (28 families), the stems of the species belonging to an identical
family have the same type of interior differentiation. The stems of many families have
the characteristics concerning the thickness of the cell walls of the central tissue (P,Q,R
and 8), and of the epidermis (T and U), and concerning the cell-size of the central tissue
(M and N) which are in common among the species belonging to a family. The stems in
the order show the same tendency as in the family, that is, the common characteristics
are IILIV.VI-types, O.P.Q-types, L.M.N-types, R.S-types, and T.U-types. The
anatomical characteristics in each order also show the same tendency as in the family.

As discussed above, in many genera, families, and orders, the stems of the species
belonging to an identical genus, family, and order show common anatomical
characteristics of IILIV.VI-types, O,P,Q-types, L.M.N-types, R.S-types and T.U-types.
Through research on coordination among anatomical characteristics and on the ontogeny
of the stem, we should like to discover the essential characteristics. As we are still at an
early stage in our study, many more experiments should be made until the systematic
study can be considered to be in conformity with essential anatomical characteristics.
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Plate I Cross sections of the stem
Fig. 1-6 : Dichelyma japonicum CARD. x 240
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Fig. 1-6 : Fontinalis hypnoides HARTM. X 360

Plate II Cross sections of the ste
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Fig. 1-6 : Hedwigia ciliata

Plate III Cross se
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Plate IV Cross sections of the stem
Fig. 1-6 : Dozya japonica LAC. x 240
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f the stem
Fig. 1-6 : Leucodon exaltatus C. MUEL

Plate V. Cross sections of the ste
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Plate VI Cross sections of the stem
Fig. 1-6 : Leucodon noguchii INATS. x 240
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Plate VII Cross sections of the stem
Fig. 1-6 : Leucodon sapporensis BESCH. X 240
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Plate VIII Cross sections of the stem
Fig. 1-6 : Duthiella flaccida (CARD.) BROTH. x 360
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Pldte IX Cross sections of the stem
Fig. 1-3: Duthiella speciosissima BROTH. x 360
A : Outer part of the stem
B: Central part of the stem
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1-3: Duthiella wallichii (MITT.) C. MUEL
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Plate XIII Cross sections of the stem
Fig. 1-3: Trachypus bicolor REINW. et HORNSCH. X 360
A : Outer part of the stem
B: Central part of the stem
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Plate XIV  Cross sections of the stem

Fig. 1-3: Trachypus bicolor REINW. et HORNSCH.  x 360
A : QOuter part of the stem
B: Central part of the stem
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Plate XV Cross sections of the stem

Fig. 1-8: Trachypus humilis LINDB, x 360
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ross sections of the stem

-3 Calyptothecium hookeri (MITT.) BROTH. x 360
: Quter part of the stem

: Central part of the stem
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Plate XVII Cross sections of the stem
Fig. 1-3 Calyptothecium hookeri (MITT.) BROTH. x 360
A: Quter part of the stem
B: Central part of the stem
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Plate XVIII Cross sections of the stem
Fig. 1-3: Calyptothecium wrvilleanum (C. MUELL.) BROTH. X 360
A : Quter part of the stem
B: Central part of the stem
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B: Central part of the stem
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Plate XXII Cross sections of the stem
Fig. 1-6 : Myurium assimile (BROTH.) SEKI  x 360
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Plate XXIII Cross sections of the stem
Fig. 1-6 : Myurium fragile (CARD,) BROTH. x 360
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Plate XXIV Cross sections of the stem
Fig. 1-3: Ptevobryum arbuscula MITT. x 360
A : Outer part of the stem
B: Central part of the stem
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Plate XXV Cross sections of the stem
Fig. 1-3: Pterobryum arbuscula MITT. % 360
A : Outer part of the stem
B: Central part of the stem
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Plate XXVI Cross sections of the stem
Fig. 1-4 : Aerobryum speciosum DOZ. et MOIK. x 360
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Plate XXVII Cross sections of the stem
Fig. 1-2 : Aevobryum speciosum DOZ. et MOLK. x 360
Fig. 3-6 : Barbella flagellifera (CARD.) NOG. x 360
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x 360

% 360

Fig. 3-6 : Barbella enervis (THWAIT. et MITT.) FL.

Fig. 1-2 : Barbella flagellifera (CARD.) NOG.

Plate XXVIII Cross sections of the stem
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Plate XXIX Cross sections of the stem
Fig. 1-2: Barbella enervis (THWAIT. et MITT.)FL. x 360
Fig. 3-6: Barbella pendula (SULL)FL. x 360
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Plate XXX Cross sections of the stem
Fig. 1-2 : Barbella pendula (SULL.)FL. x 360
Fig. 3-4 : Chrysocladium retrorsum (MITT.) FL. x 360
A : Quter part of the stem
B: Central part of the stem
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Fig. 1-3: Chwysocladium retrorsum (MITT.) FL. x 360
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Plate XXXIV Cross sections of the stem
Fig. 1-3: Flovibundaria aurea (MITT.) BROTH. ssp. nipponica (NOG.) NOG. X 360
A : Outer part of the stem
B: Central part of the stem
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Plate XXXVI Cross sections of the stem
Fig. 1: Flovibundaria aurea (MITT.) BROTH. ssp. nipponica (NOG.) NOG. x 360
A : Quter part of the stem
B: Central part of the stem
Fig. 2-5: Flovibundaria pseudofloribunda FL. x 360
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Plate XXXVII Cross sections of the stem
Fig. 1-2: Floribundaria pseudoflovibunda FL. <360
Fig. 3-6 : Meteoriopsis reclinata (C. MUELL.) FL. x 360
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Plate XXXVIII Cross sections of the stem
Fig. 1-2 : Meteoriopsis reclinaia (C. MUELL.) FL. x 360
Fig. 3-6 : Meteorium buchananii ssp. helminthocladium (CARD.) NOG. x 360
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Plate XXXIX Cross sections of the stem
Fig. 1-2 : Meteorium buchananii ssp. helminthocladium (CARD.) NOG. x 360
Fig. 3-6 : Meteorium buchananii v. cuspidatum (OKAM.) NOG. x 360
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Fig. 1-2 ;. Meteorium buchananii v. cuspidatum (OKAM.)NOG. x 360

Fig. 3-6 . Meteorium miquelianum (C. MUELL.) FL. x 360

Plate XL Cross sections of the stem
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Plate XLI Cross sections of the stem
Fig. 1-2 : Meteorium miquelianum (C. MUELL.) FL. x 360
Fig. 3-6: Pseudobarbella attenuata (THWAIT. et MITT.) NOG. X 360
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Plate XLII Cross sections of the stem

% 360

x 360

Fig. 1-2 : Pseudobarbella attenuata (THWAIT. et MITT) NOG.

Fig. 3-6 : Pseudobarbella levieri (REN. et CARD.) NOG.
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Plate XLIII Cross sections of the stem
Fig. 1-2: Pseudobarbella levieri (REN. et CARD.) NOG. x 360
Fig. 3-6 : Bissetia lingulata (MITT.) BROTH. x 360
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Plate XLIV Cross sections of the stem
Fig. 1-2 : Bissetia lingulata (MITT.) BROTH. x 360
Fig. 3-6 : Homaliadelphus targionianus (MITT.) DIX. et P. VARD. X 360
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Plate XLV Cross sections of the stem
Fig. 1-2: Homaliadelphus targionianus (MITT.) DIX. et P. VARD. X 360
Fig. 3-4: Homaliodendron scalpellifolium (MITT.) FL. x 360
A : Outer part of the stem
B: Central part of the stem
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Plate XLVIII Cross sections of the stem
Fig. 1-3: Neckera borealis NOG. x 360
A : Outer part of the stem
B: Central part of the stem
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Plate XLIX Cross sections of the stem
Fig. 1: Neckera borealis NOG. % 360
A Outer part of the stem
B : Central part of the stem
Fig. 2-5: Neckera flexivamea CARD. x 360
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Plate L Cross sections of the stem
Fig. 1-2: Neckera flexivamea CARD. x 360
Fig. 3-4 : Neckera humilis MITT. x 360
A : Quter part of the stem
B : Central part of the stem
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Plate LI Cross sections of the stem

% 360

Fig. 1-3: Neckera humilis MITT.

A : Outer part of the stem
B: Central part of the stem
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Plate LII Cross sections of the stem
Fig. 1: Neckera humilis MITT. x 360
A : Quter part of the stem
B: Central part of the stem
Fig. 2-5: Neckera muratae NOG. x 360
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Plate LIII Cross sections of the stem
Fig. 1-2 Neckera muratae NOG. x 360
Fig. 3-6 : Neckera pennata HEDW. x 360
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Plate LXI Cross sections of the stem
Fig. 1-2: Pinnatella makinoi (BROTH.) BROTH. x 360
Fig. 3-4: Thamnobryum alopecurum (HEDW.) NIEUWL. x 360
A : Outer part of the stem
B: Central part of the stem
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of the stem

Fig. 1-3: Thamnobryum alopecurum (HEDW.) NIEUWL. X360

A : Quter part of the stem

Plate LXII Cross sections

B: Central part of the stem
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Plate LXIII Cross sections of the stem
Fig. : Thamnobryum alopecurum (HEDW.) NIEUWL. x 360
Fig. 2-3: Thamnobryum plicatulum (LAC.) IWATS. x 360
A : Quter part of the stem
B: Central part of the stem
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Plate LXV Cross sections of the stem

Fig. 1: Thamnobryum plicatulum (LAC.) IWATS. x 360

B : Central part of the stem
Fig. 2-5: Thammnobryum sande; (BESCH.) IWATS. x 240

A : Quter part of the stem
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Plate LXVI Cross sections of the stem
Fig. 1-2: Thamnobryum sandei (BESCH.) IWATS. x 3240
Fig. 3-6 : Thamnobryum sandei v. cymbifolium (CARD.) NOG. et IWATS. x 360
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Plate LXVII Cross sections of the stem
Fig. 1-2: Thamnobryum sandei v. cymbifolium (CARD.) NOG. et IWATS. x 360
Fig. 3-6 : Dolichomitra cymbifolia (LINDB,) BROTH, x 360
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Plate LXVIII Cross sections of the stem
Fig. 1: Dolichomitra cymbifolia (LINDB.) BROTH. x 360
Fig. 2-3: Dolichomitra cymbifolia v. subintegerrima OKAM. X 360
A : Quter part of the stem
B: Central part of the stem
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Plate LXIX Cross sections of the stem
Fig. 1-3: Dolichomitra cymbifolia v. subiniegerrima OKAM. x 360
A : QOuter part of the stem
B: Central part of the stem
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Plate LXXIII Cross sections of the stem
Fig. 1-3: Dolichomitriopsis diversiformis (MITT.) NOG. x 360
- A : Outer part of the stem
B: Central part of the stem
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Plate LXXIV' Cross sections of the stem
Fig. 1: Dolichomitriopsis diversiformis (MITT.) NOG. x 360
Fig. 2-4: Isothecium subdiversiforme BROTH. x 360
A : Outer part of the stem
B : Central part of the stem
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Fig. 1-3 . Isothecium subdiversiforme BROTH

A : Outer part of the stem
B : Central part of the stem

Plate LXXV Cross sec
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Plate LXXVI Cross sections of the stem
Fig. 1-6 : Neobarbella pilifera (BROTH. et YAS.) NOG. x 360




