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Systematic Studies on the Conducting Tissue of
the Gametophyte in Musci

(2) On the Affinity Regarding the Inner Structure of the Stem
in Some Species of Dicranaceae, Bartamiaceae, Entodontaceae
and Fissidentaceae
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Abstract

We suggest that on the basis of affinity shown in morphological differentiation we
can classify the inner structures of the stem in Musci into six types we then consider to
which type the inner structure of each stem in the endohydric mosses belongs. In some
species of Dicranaceae: Campylopodium euphorocladum (C. MueLr.) Bescu., Dicranum
japonicum Mairr., Dicranwm wmajus Smrta, Dicranmum scoparium Heow., Dicranum
undulatum Enrn., Leucoloma okamurae Brotr., Oncophorus crispifolius (Mirt.) LiNps.,
Thysanomitrium richardii Scmwer., and in the species of Bartramiaceae: Philonotis
falcate (Hook.) Mirt., Philonotis turneriana MitT., a cross section of the stem shows
a differentiation of tissues into a epidermis, external cortex, internal cortex, endodermis
and central strand (Type IV). The four species belonging to Entodontaceae: Enfodon
challengeri Par., Entodon okamurae Broru., Entodon ramulosus Mitr., Entodon scabri-
dens Linps., and the species of Fissidentaceae: Fissidens cristatus Wivs., Fissidens
taxifolius (1.) Hepw. show differentiation into an epidermis, external cortex, internal
cortex and central tissue (Type III).

With regard to the cell walls of the central strand, the stem of only the Dicranaceae
is collenchymatous, but not so in the other families: Bartramiaceae, Entodontaceae and
Fissidentacese. In Dicranum and Campylopodium of the Dicranaceae, cell walls of the

central strand are slightly thick, but the central strand of Owncophorus, Leucoloma,
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Thsanomitrium (Dicranaceae), Philonotis (Bartramiaceae), Entodon (Entodontaceae),
and Fissidens (Fissidentaceae) consists of extremely thin-walled cell. The epidermal cell
walls are thick in Cempylopodium, Dicranum, Oncophorus and Fissidens, but are not
in Leucoloma, Thysanomitrium, Philcnotis and Entodon. Furthermore, there is something
in common among number of the cell layers of the internal cortex in the species belong-
ing to the identical genus. In view of these facts, it is suggested that the characteristics
of the conducting tissue of the stem are to a great extent peculiar to the genus, and
that the characteristics of the stem-structure are vitally important in the classification
of the genus and family.

Thus, in the studies of the inner structure, it is necessary for us to consider the
origin of each tissue of the stem and interrelationship among the epidermis, external

cortex, internal cortex, endodermis and central strand.

Introduction

In Musci, systematic studies on the conducting tissue and the stem of gametophyte
have been made by many bryologists. They have different points of view; however,
they agree in the opinion that the structural characteristics have to be given primary
emphasis in taxonomical studies. Xoronen (1968) pointed out that in Mniaceae the
characters shown in the conducting tissue of the gametophyte, that is, the midrib of leaf
and the stem, should be taken into consideration in the taxonomic discussion, and more-
over, Awnpo (1957) made a great point of whether the central strand is or not; how
much differentiated the epidermal cells are in the classification of the Hypnum. Kawa:
(1965) suggested that the inner structures of the stem and the midrib have to be given
due emphasis in taxonomical studies of the Grimwmie, and Kawar et Ikepa (1970)
considerated on the inner structures of the stem in some species of the family Polytri-
chaceae and suggested that these characteristics have to be given due emphasis in
taxonomical studies, and that on the basis of affinty shown in morphological differenti-
ation we can classify the inner structures of the stem in Musci into six types; Type I
(cortex-axial cylinder), Type II (epidermis-axial cylinder), Type III (epidermis-cortex-
central tissue), Type 1V (epidermis-cortex-endodermis-central strand), Type V (epidermis-
cortex-endodermis-leptom~hadrom) and Type VI (epidermis-cortex-endodermis-leptom-
hydrom-stereom). First, we will consider to which type the inner structure of each stem’

in the endohydric mosses belongs.
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Materials and methods

The main source of material used for this research comprises specimens of mosses
collected from Japan and Germany. All the samples studied are deposited in the Moss
Herbarium of Xanazawa University. Camp ylopodium euphorocladum (C. MueLLr.) Besca.;
Sakurajima Volcano, Kagoshima Pref. (85923), Dicranum japonicum Mirr. : Kuma,
Isshoochi, Xumamoto Pref. (35015), Matsuye, Rakuzan, Shimane Pref. (35149), Dicranum
majus Swmire: Mt. Daisetsu, Hokkaido (85084), Harburg, Sieverser Sunder, Germany
(80641), Harburg, Sieverser Sunder, Germany (30594), Dicranum scoparium Hepw.:
Kitaazumi, Takasegawa, Nagano Pref. (35017), Ooshirakawa, Oonogun, Gifu Pref.
(11022), Harburg nahe Neugraben, Fischbeker Heide, Germany (83222), Harburg,
Sieverser Sunder, Germany (30840), Harburg, ‘Wiedenthal, Germany (30573), Winsen
Radbruch, Germany (80017), Holstein, Horneburg, Germany (80791), Metzendorf iiber
Hittfeld, Germany (30794). Dicranum undulaium Eurn.: Jesteburg, Bendestorf iiber
Itzenbiittel, Germany (80872), Hamstedter Berge, Germany (33963), Holstein, Horneburg,
Staatsforst Riistje, Germany (80595), Winsen Radbruch, Germany (33647), Harburg,
Sieverser Sunder, Germany (83666). Ewnfodon challengeri Par.: Hitoyoshi, Xumamoto
Pref. (85195), Isshoochi, Kumamoto Pref. (35083). Entodon okamurae Brors.: Kanakami,
Mt. Sobo, Ooita Pref. (84952). Ewntodon ramulosus Mitr.: Mt. Jinkakuji, Ooita Pref.
(85194). Entodon scabridens Linps.: Kawakami, Misugi, Mie Pref. (34974). Fissidens
cristatus WiLs.: Mt. Hakusan, Ishikawa Pref. (84831). Fissidens japonicus Doz. et
Movrx.: Rokumanzan, Mt. Hakusan Ishikawa Pref. (89008). Fissidens taxifolius (L.)
Hepw.: Aumiihle nahe Hamburg, Germany (80784). Leucoloma okamurae Broru.: Nachi,
Wakayama Pref. (34958). Omncophorus crispifolius (Mrrt.) Linps.: Sakatani, Miyazaki
Pref. (85025). Philonotis falcata (Hoox.) Mirt.: Saijo, Ehime Pref. (35081). Philonotis
turnerianag Mitt.: Ohwani, Aomori Pref. (85077). Thysanomitrium richardii Scrwer.:
Kuma, Nishinomura, Kumamoto Pref. (34997).

For anatomical studies, microtome sections of the fresh moss are prepared by the
ethylalcohol-buthylalcohol-paraffin method, following Bouin’s fluid fixation. Before
examination the dry moss is boiled in water for about half an hour. The inner structure
of the stem of gametophyte is studied from serial transverse section having a thickness
of 5-10#. Acid fuchsin, fuchsin, fast green, methyl green are used for staining anatomical

preparations.
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Observation

The four families, eight genera, sixteen species were studied ints as to the conducting
tissue ofjthe¥stem. A cross section of the stem generally shows a differentiation of
tissues into a epidermis, external cortex, internal cortex, endodermal layer and central
strand (IV-type) in all species of Dicranaceae, Campylopodium euphorocladum (C.
Muerr.) Bescu., Dicranum japomicum Mirr., Dicranum majus Swvita, Dicranum
scoparium Heow., Dicranuwm undulatum Eurn., Oncophorus crispifoliwm (Mitt.) Linps.,
Leucoloma okamurae Broru., and Thysanomitrium richardii Scawer. That is, on the
outside of the stem there is a superficial layer of smaller cells with strongly thickened
walls (except Leucoloma and Thysanomitrium). In the stem of Leucoloma okamurae
Broru. and Thysanomitrium richardii Scawer. the epidermis consists of a layer of large
cells with thinner superficial walls and so the superficial cell walls are frequently
concave. What I name external cortex is the band of sclerenchymatous cells containing
a few chloroplasts. The external cortex, which has 1-6 layers with a strongly thickened
cell walls and is considered to be a mechanical tissue, consists of smaller cells. What I
name internal cortex is the thin-walled green parechyma which consists of 2-4 layers of
large polygonal cell. The internal cortex containing a great number of chloroplasts may
be a part of the assimilation tissue. At the inner limit of these cortical layers, which
are a band of sclerenchymatous cells and a band of green parenchymatous cells, there is
a layer of large cells. This layer, of which the cells are also thin-walled, parenchymatous
green cells containing a great number of chloroplasts and bear a striking resemblance to
the cells of the internal cortex, is here named endodermal layer. The central strand, of
which the walls turn deep violet when treated with gentian violet solution, consists
mainly a great number of extremely small, collenchymatous living cells (about 15-100
cells). The cell walls of the central strand are slightly thicker than those of the internal
cortex and endodermal layer (except Oncophorus, Leucoloma and T hysanomitrium). In
Oncophorus crispifolius (Mirt.) Linos., Leucoloma okamurae Brorr. and Trhysano-
mitrium richardii Scawcr. the cell walls of the central strand are extremely thin.

In Philonotis falcate (Hoox.) Mirt. and Philonotis turneriana Mrrr. belonging to
the family Bartramiaceae, a cross section of the stem shows as great a differentiation of
tissues as in Dicranum. The epidermis, which is made up of one cell layer, has thinner
cell walls than those of the external cortex, therefore, the superficial cell walls are
frequently concave as in Leucoloma okamurae Broru. and Thysanomitrium vichardii

Scawer. The cortical layers, which generally exist between the epidermis and the



22

endodermal layer, differentiat into an external cortex, consisting of a sclerenchymatous
cell layer with a few chloroplasts, and an internal cortex which contains about one to
three parenchymatous cell layers with a great numbe of chloroplasts. The endodermal
layer, which is inside the internal cortex, also ccntains many chloroplasts and resembles
the internal cortex. The central strand has thinner cell walls than any other parts, and
is not collenchymatous.

The four species belonging to the Entodontaceae, Entodon challengeri Paxr., Entodon
ramulosus Mitt., Entodon scabridens Linoe. and Ewntodon okamurae Brorm., and the
species of Fissidentaceae, Fissidens cristatus Wiis., Fissidens taxifolius (L.) Heow.,
show a differentiation into an epidermis, external cortex, internal cortex and a central
tissue (Type III). The stem has generally one epidermal layer like that of Philonotis
falcata (Hoox.) Mirt., Philonotis turneriana Mitr., Leucoloma okamurae BroTn. and
Thysanomitvium richardii Scawer. The external cortex consists of two to six scleren-
chymatous layers and the internal cortex consists of five to seven parenchymatous layers.
Inside the internal cortex there is a central mass, which consists of slightly smaller cells
with extremely thin cell walls.

In the two species of Fissidentaceae, Fissidens cristatus WiLs. and Fissidens taxi-
folius (L.) Hepw., a cross section of the stem shows a differentiation of tissues into an
epidermis, external cortex, internal cortex and central tissue (Type III). The epidermis
consists of a layer of smaller cells with thicker walls; the external cortex, which has two
layers with thickened cell walls, consists of slightly smaller cells; the internal cortex
consists of 1-2 layers of large polygonal cells; the central tissue, of which the walls are

slightly thinner than those of the internal cortex, consists of a mass of smaller cells.

Discussion

It is to be examined that whether these characteristics are peculiar to the species
and whether there is something in common among the characteristics of the inner
structures of the stem in the species belonging to the identical genus or family in Musci.

In the observation of the Polytrichaceae, the stem of Pogonatum, Polytrichum and
Atrichwm differentiates into the hadrom and the leptom, but it is not so in Baertramiopsis
and Oligotrichum. This fact shows a certain correlation between the differentiation of
the inner structure of the stem and the classification system of the Polytrichaceae
(Kawar et Ixepa 1970).

Also in other families also, such as Dicranaceae, Bartramiaceae, Entodontaceae and
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Fissidetaceae, morphological differentiation of tissue in the stem shows some differences
from species to species, and the stem of Dicranaceae and Bartramiaceae shows differen-
tiation into the epidermis, the external cortex, the internal cortex, the endodermis and
the central strand, which is Type 1V, one of the six types classified on the basis of
affinity shown in morphological differentiation. In Entodontaceae and Fissidentaceae, the
stem of some species consists of an epidermis, the sclerenchymatous cortex, the paren-
chymatous cortex and the central conductive strand. The type is named Type III. As to

the cell walls of the central strand, only the stem of the Dicranaceae is collenchymatous,

Tab. I Relationship among sixteen species as classified on the basis of affinity in
characteristics of the inner structure of the stem

Types of inner structure of the stem

Cells of the central strand are collenchymatous (A-type) or not (B-type)

Cell walls of the central strand are thick (A-type) or not (B-type)

Epidermal cell walls are thick (A-type) or not (B-type)

Number of the cell layers of the internal cortex

(1-3 layers: A-type, 4-7 layers: B-type)

Number of the cell layers of the external cortex

(1-2 layers: A-type, 3-4 layers: B-type, 5-6 layers: C-type)

Numbers of Figure ’

Dicranaceae | (&% opodtum eaphorocladiom| [ (1 o)1 [ A [2a)2 | & | A | A |2 |1V
Dicranaceae Dicranum japonicwm MiTT. 1-2 @221A|lUsnislalalalwv
Dicranaceae Dicranum scoparium Hepw. | 1I-4 -D1jA]lGew|Blalalalv
Dicranaceae Dicranwum majus SMITE. II-6 (233 | BG6) | BlAlAlalLv
Dicranaceae Dicranum undulatum Enru. | I-3 G-D4|Blu-s)a!lslalalaliv
Dicranaceae | (eoPhores rispifolius 1|2z aflesdslals]alw
Dicranaceae Leycoloma okamurae BrRoTH. | IV-13 -n1jalJa2ralBlBslialv
Dicranaceae | g #sanomitrium richardi—m 7o 0301 4 [ (5635 | B | B | B | & |1V
Bartramiaceae | /2704 Jeleata (Hook) I g 115 A [ | A | B | 8 | B |1V
Bartramiaceae | Philonotis turneriana MitT. | 111-9,10] (1-1)1 | A GB-4O3|AlBlBIB|IV
Entodontaceae | Entodon challengeri Par. V-15 |22 | A (@55 | BlBlB] B
Entodontaceae | Enfodon ramulosus MitT. V-16 |G-33|Bf6-77|B|B]lB|B /|1
Entodontaceae | Entodon scabridens LINDB. V-14 |G-03|B|lWU-s)s BlBIB]|BIm
Entodontaceae | Entodon okamurae BroTH. V=17 |66 | C |66 | B|B|B]| Bl
Fissidentaceae | Fissidens cristatus WiLs. Ww-11 |22 Ala-3)2|alalslBlm
Fissidentaceae | Teoidens axgoims (&) |1y | (1gp1 [ & |z | & | & | 5 | B [
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but is not in the other families, Bartramiaceae, Entodontaceae and Fissidentaceae. In
Dicranum and Campylopodium of the Dicranaceae, cell walls of the central strand are
slightly thick, but the central strand of Oumncophorus, Leucolomea, Thysanomitrium
(Dicranaceae), Philonotis (Bartramiaceae), Ewnfodon (Entodcntaceae), and Fissidens
(Fissidentaceae) consists of extremely thin-walled cells. The epidermal cell walls are
thick in Caempylopodium, Dicranum, Oncophorus and Fissidens, biut are nct in Leucoloma,
T hysanomitrium, Philonotis and Ewntodon. Furthermore, there is,_something in common
among the numbers of the cell layers of the internal cortex in the [species belonging to
the identical genus; in Campylopodium it ccnsists of 2-3 cell layers, in Dicranum it
consists of 4~6 cell layers, in Oncophorus it consists of 2-5 cell layers, in Leucoloma it
consists of 1-2 cell layers, in Thysanomitrium it consists of 5-6 cell layers, in Philonotis
it consists of 1-8 cell layers, in Entodon it consists of 4-7 cell layers, in Fissidens it
consists of 1-8 cell layers. In view of these facts, it is suggested that the characteristics
of the conducting tissue of the stem are to a great extent-peculiar to the genus, 'so that
the characteristics of the the stem-structure are vitally important in the classification of
the genus and fa}mily (Tab. I).

In our future studies it has to be investigated whether, just as has generally been
expected, these tissues of the stem, such as epidermis, external cortex, internal cortex,
endodermis and central strand, have undergcne distinctly different development of tissue
specialized for the function. The first cell division in the young sgment cut off from
the apex of stem, ;is periclinal and two cells the outer cell and the inner cell are
produced. In the Type III, it is thought that (1) that the leaf is derived from the outer
cell of the segment, that the epidermis, external cortex, internal cortex and central tissue
are derived from the inner cell, (2) that the leaf and epidermis are derived from the
outer cell, that the external cortex, internal coetex and central tissue are derived from
the inner cell, (8) that the leaf, epidermis and cortex are derived from the outer cell
and that the central tissue is derived from the inner cell (Fig. I, II, III)

In Type IV, it is thought that (1) the leaf originates in the outer cell, that the
epidermis, external cortex, internal cortex, endodermis and central strand originate in
the inner cell, (2) that the leaf and epidermis originate in the outer cell, and that the
external cortex, internal cortex, endodermis and central strand originate in the inner
cell, (3) that the leaf, epidermis, external cortex and internal cortex originate in the
outer cell, that the endodermis and central strand originate in the inner cell, (4) that
the leaf, epidermis, external cortex, internal cortex and endodermis originate in the

outer cell, and that the central strand originates in the inner cell (Fig. IV, V, VI, VII)
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Fig. 1 Imaginary pictures shown the origin of the leaf (Le), epidermis (Ep), external
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cortex (Ec), internal cortex (Ic), and central tissue (Ct).
The leaf is derived from the outer cell. The epidermis, external cortex, internal

cortex and central tissue are derived from the inner cell.
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For example, in a case (a in Fig. VII), it is found that the leaf is derived from the
0-1 cell, that the epidermis, external cortex, internal cortex and endodermis are derived
from the 0-2 cell, and that the central strand is derived from the inner cell. These facts
show that the distinction among the epidermis, the external cortex, the internal cortex
and the endodermis is not clear, but that the distinction between those tissue and the
central tissue is very clear. We propose a difinition that the tissue, which is derived
from the 0-1 cell, is a leaf, and that the tissue, which is derived from the inner cell, is
a central tissue. Thus, in studying on the inner structure, it is important to take in to
consideration the origin of each tissue of the stem and interrelationship among the

epidermis, external cortex, internal cortex, endodermis and central strand.
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Fig. II  Imaginary pictures shown the origin of the leaf (Le), epidermis (Ep), external
cortex (Ec), internal cortex (Ic), and central tissue (Ct).
The leaf and epidermis are derived from the outer cell. The external cortex,
internal cortex and central tissue are derived from the inner cell
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Imaginary pictures shown the origin of the leaf (Le), epidermis (Ep), external

cortex (Ec), internal cortex (Ic), and central tissue (Ct).

" The leaf, epidermis, external cortex, internal cortex are derived from the outer

cell. The central tissue is derived from the inner cell.
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Imaginary pictures shown the origin of the leaf (Le), epidermis (Ep), external
cortex (Ec), internal cortex (Ic), endodermis (En) and central strand(Cs).

The leaf is derived from the outer cell. The epidermis, external cortex, internal
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Fig. V  Imaginary pictures shown the origin of the leaf (Le), epidermis (Ep), external
cortex (Ec), internal cortex (Ic), endodermis (En) and central strand (Cs).
The leaf and epidermis are derived from the outer cell. The external cortex,
internal cortex, endodermis and central strand are derived from the inner cell.
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Imaginary pictures shown the origin of the leaf (Le), epidermis (Ep), external
cortex (Ec), internal cortex (Ic), endodermis (En) and central strand (Cs).
The leaf, epidermis, external cortex and internal cortex are derived from the

outer cell. The endodermis and central strand are derived from the inner cell.
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Fig. VII Imaginary pictures shown the origin of the leaf (Le), epidermis (Ep), external
cortex (Ec), internal cortex (Ic), endodermis (En) and central strand (Cs).
The leaf, epidermis, external cortex, internal cortex and endodermis are derived
from the outer cell. The central strand is derived from the inner cell.
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Plate I Cross section of stem
Fig. 1 : Oncophorus crispifolius (MiTT)) LINDB. X200
Fig. 2 : Dicranum japonicum MiTT. X200
Fig. 3 : Dicranum undulatum EERE. X200
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Plate II Cross section of stem

Fig. 4 : Dicranum scoparium HEDW. X200

Fig. 5 : Campylopodium euphorocladum (C. MuEn.) Bescr. X200

Fig. 6 : Dicranum majus SMITE X200
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Plate III Cross section of stem
Fig. 7 ¢ Thysanomitrium richardii ScEwGr. X200
Fig. 8 : Philonotis falcata (Hoox.) MrtT. X200
Fig. 9 : Philonotis turneriana MirT. X200
Fig. 10 : Philonotis turneriana MiTT. X200
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Plate IV Cross section of stem
Fig. 11 : Fissidens taxifolius (L.) HEpW. X300
Fig. 12 : Fissidens cristatus WiLs. X300
Fig. 13 : Leucoloma okamurac BRoTH. X300
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Plate V Cross section of stem
Fig. 14 : Enfodon scabridens LinpB., X200
Fig. 15 : Entodon challengeri Par. X200
Fig. 16 : Entodon ramulosus MitT. X200
Fig. 17 : Ewntodon okamurae BroTH. X200



