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Abstract. In one hundred species of Bryaceae, the inner structure of the stem is
observed, and of the many anatomical characteristics delineated, thirteen which seem to
be of most importance in relation to taxonomy are considered.

The stem tissue is differentiated into epidermis, cortex, leptome and hadrome in
every species (IV type). In some species, the cells of the hadrome are smaller than those
of the leptome (N type), and the cell walls of the hadrome are either very much thinner
(R type), or thinner than those of the leptome (Q type). The cortex consists of four or
fewer cell layers (C type) ; the cells of the epidermis are smaller than those of the cortex
(X type) and the cell walls of the epidermis are not hyaline (V type). Moreover, in each
genus, subgenus or section, the leptome cell layers in member (A, B types) and epidermal
cell walls in thickness (G, I types) seem to be closely related with the taxonomy.

Interrelationships among the families with stems differentiated into type IV are
considered, and there seem to be fundamental anatomical characteristics in that the stems
are differentiated into epidermis, cortex, leptome and hadrome (IV type), and that the
cells of the hadrome are smaller than those of the leptome (N type).

In their fundamental anatomical characteristics of the stem, the families that seem
to be closely related to Bryaceae are Mniaceae, Bartramiaceae and Ditrichaceae, and the
Mniaceae in particular being appearently very closely related.

Introduction

The stems of Musci contain a central tissue consisting chiefly of groups of relatively
large cells, the hadrome described by many authors (HABERLANDT 1879, 1883, LORCH 1931).
The hadrome is surrounded by the tissue composed of smaller cells with thinner walls, the

* Professor Emer., Tottori University ; 743-9, Gyotoku-i, Tottori (630)



2 Isawo Kawal and Harumi OcHI

leptome (HABERLANDT 1879, TANSLEY et CHICK 1901). The outermost layers of the
leptome are composed of starch-filled cells. This is a wide cortical zone that is green in
the young stem, the outermost part of the stem being composed of a thick-walled type of
cell and known as the epidermis (WATSON 1971).

According to comparative studies of the inner structure of the stems of Musci, they can
be classified into five types on the basis of anatomical characteristics distinguished in
cross-sections, as follows : type I (cortical layer and central tissue distinguishable only with
difficulty), type II (cortical layer and central tissue easily distinguishable), type III (epider-
mis, cortex and central tissue easily distinguishable), type IV (epidermis, cortex, leptome
and hadrome easily distinguishable) and type V (epidermis, cortex, leptome, sterome and
hydrome easily distinguishable).

Of the many anatomical characteristics hitherto observed, thirteen important charac-
teristics of the stem in Bryaceae are chosen in the present study, and the relationships
between the taxonomy and anatomical characteristics of stems in the Bryaceae are
considered.

Materials and Methods

The materials hitherto used were mostly Japanese. As mosses of the Bryaceae are
distributed from Southern to Northern hemispheres the materials used for this article are
composed of specimens from Circum-polar, Neotropical, Paleotropical and Australian
regions in order to make clear the structure of stems in the mosses of Bryaceae as
comprehensive as possible (OcH1 1970, 1972a, 1972b, 1973, 1980-81, 1982 and 1985).

Materials : Nomenclature follows OCHI (1968) as for the species in Mielichhoferia,
Leptobryum and Pohlia OcH1 (1970, 1972, 1980-81) as for the species in Brachymenium,
Plagiobryum, Acidodontium and Bryum, and Index Muscorum 3 (1964) as for the species in
Orthodontium. All of the adopted species have been preserved in the herbarium of H.
OcHi. The localities are abbreviated merely as indicating prefectures or states and
countries.

1. ORTHODONTIUM.

O. inflactum DoOzYy et MOLK. - MALAYA : Tanah Rata (Imowe 10062). O. lineare

SCHWAEGR. - MARION 1. (L. NO. 965, 151-054).
2. LEPTOBRYUM.

L. pyriforme (HEDW.) WILS. - JAPAN : Hokkaido (Ochi 1175, 1293, 3276) ; Kumamoto

(Ochi 3627, 3688) ; Ooita (Ochi 3669).
3. MIELICHHOFERIA.

M. mielichhoferi var. japonica (BESCH.) WIJK et MARG. - JAPAN : Hokkaido (Ochi
5392b) ; Nagano (Ochi 7302). M. sasaokae BROTH. - JAPAN :Saitama (Ochi 6400);
Toyama (Ochi 7434).

4. POHLIA.
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Sect. Pohlia. P. crudoides var. revolvens (CARD.) OCHI - JAPAN : Hokkaido (Ochi
4857, 6372) ; Nagano (Ochi 7515). P. elongata HEDW. - JAPAN : Hokkaido (Ochi 1297,
3147) ; Nagano (Ochi 6019, 6051) ; Niigata (Ochi 4391, 4471). P. flexuosa HOOK. - JAPAN :
Tottori (Ochi 2393, 4000, 4009) ; Yamaguchi (Ochi 6415) ; Tokushima (Ochi 2820) ; Kago-
shima (Ochi 4913, 7237) ; MEXICO : Oaxaca (Sharp et Mc Farland 8872). P. leucostoma
(BoscH et LAac.) FLEISCH. - JAPAN : Hyogo (Ochi 7058, 7380) ; Oosaka (Ochi 6268) ; Nara
(Ochi 8489) ; Ehime (Ochi 4128). P. obtusifolia (BriD.) L. KocH - JAPAN : Niigata (Ochi
4441). P. campiotrachela (REN. et CARD.) BROTH. - JAPAN : Hokkaido (Ochi 1334, 5410,
6692, 6702) ; Tottori (Ochi 5183). P. drummondii var. gracilis (B. S. G.) Popp. - JAPAN :
Hokkaido (Ochi 3349, 5418b). P. proligera (KINDB.). BROTH. - JAPAN : Hokkaido (Ochi
6884) ; Niigata (Ochi 4846); Ehime (Ochi 4750). P. cruda (HEDW.) LINDB. - MEXICO:
Hidalgo (Sharp et al. 1812). P. longicolla (HEDW.) LLINDB. - JAPAN : Aomori (Ochi 7325) ;
Shizuoka (Ochi 7501) ; Nagano (Ochi 3869, 4248). P. nulans (HEDW.) LINDB. - JAPAN :
Hokkaido (Ochi 1223) ; Fukushima (Ochi 6333) ; Niigata (Ochi 4451) ; Shizuoka (Ochi 3700).
P. shimperi (C. MUELL.) ANDREWS - JAPAN. : Nagano (Ochi hrjh) ; NORWAY : Maristuen
(Nicholstn et Dixon s. n.).

Sect. Mniobryum. P. fauriei (CARD.) OCHI - JAPAN : Niigata (Ochi 4494) ; Tottori (Ochi
4851). P. [ludwigii (SCHWAEGR.) BROTH. - CZECHOSLOVAKIA : Bohemia (Pilous 809);
CANADA : Brit. Columbia (Tan et Ensing 77-1099). P. wahlenbergii (WEB. et MOHR.)
ANDREWS - JAPAN : Fukushima (Ochi 6314) ; Niigata (Ochi 5975) ; Nagano (Ochi 7276).

Sect. Epipterygium. P. tozeri (GREV.) DELONG. - JAPAN : Tottori (Ochi 3521) ; Miyaza-
ki (Ochi 7385); U. S. A.: Washington (Bailey s. n.).

5. BRACHYMENIUM.

Sect. Dicranobryum. B. acuminatum HARV. - NEPAL :Sanghu (Norkeit 6749). B.
coarctatum BOSCH et LacC. - BOLIVIA : Beni (Reese 13000) ; BRAZIL : Rondoonia (Reese
13721). B. dicranoides (HORNSCH.) JAEG. - SOUTH AFRICA : Transvaal (Wager 124) ; Cape
Town (Wilms 2632). B. exile (Dozy et MoLK.) BoscH et LAC. - JAPAN : Fukushima (Ochi
4985) ; Osaka (Ochi 6389) ; Kagoshima (Ochi 2210). P. preissianum (HAMPE) JAEG. - NEW
ZEALAND : Wairoa (Hodgson 157) ; Mariceville (Dixon 103).

Sect. Leptostomopsis. B. pulchrum HOOK. - SOUTH AFRICA : Transvaalia (Mac Lea
544) ; Natal (Rolfes 179). B. systylium (C. MUELL.) JAEG. - MEXICO : Guerrero (Sharp 1021c) ;
Chihuahua (Pringle s. n); Chiapas (Sharp et al. 4111); Michoacan ( Williams 762 ; Sharp et
al. 2651) ; Oaxaca (Sharp et al. 2616, 2981) ; PERU : La Libertad (Hegewald 5258).

Sect. Globosa. B. globosum JAEG. - COSTA RICA : Cartago (Gomez 6779).

Sect. Brachymenium. B. abyssinicum (C. MUELL.) JAEG. - ETHIOPIA : Woggera (Steud-
ner s. n.). B. capitulatum (MITT.) KINDB. - TANZANIA : Rugege (Mildbread 862). B.
hornschuchianum MART. - BRAZIL : Petropolis (Hohnel 337) ; Minas Gerais (Ulle 1236). B.
indicum BOSCH et LAC. - JAVA (L No. 909, 340921); Buitenzorg (Fleischer s. n.) B.
lanceolatum HOOK. f. et WILS. - INDIA : Central Indian Zone (Parihar s. n.). B. leptophyllum
(C. MUELL.) JAEG. - ETHIOPIA : Abai (Stesher s. n.); NIGERIA : Kaduna (Smies s. n.). B.
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mexicanum MONT. - MEXICO : Chihuahua (Bowers et al. 5328a, 6290) ; Jalisco (Sharp et al.
3167). B. nepalense HOOK. - JAPAN : Nagano (Ochi 5870); Mie (Ochi 7496) ; Wakayama
(Ochi 460) ; SUMATRA : Mt. Korinchi (Meijer 7937) ; INDIA : Central Indian Zone (Parihar
s. n.). B. ptychothecium (BESCH.) OCHI-SIKKIM (NICH 201572). B. radiculosum (SCHWAEGR.)
HAMPE - MEXICO : Veracruz (Sharp et al. 1296) ; BRAZIL : Petropolis (Hohnel 336). B.
rigidum BROTH. et PAR. - GUINEA (Pobeguin 888).

Sect. Rostrata. B. klotzschii (SCHWAEGR.) PAR. - MEXICO : Veracruz (Purpus 8320). B.
speciosum (HOOK. f. et WILS.) STEERE - JAMAICA : Cinchona (Britton 194). B. wrightii
(SuLL.) BROTH. - CUBA :Baracoa (Earle 1246);Oriente (Eckman 5464). LESSER
ANTILLES : Guademoupe (Duss 1118).

6. PLAGIOBRYUM.

P. demissum (HOPPE et HORNSCH.) LINDB. - NEPAL : Annapurna Range (NICH
350302). P. demissum ssp. hultenii OCHI et PERSS. - JAPAN : Aomori (Ochi 10668) ; Saitama
(Nagano s. n.). P. japonicum NOG. - JAPAN : Yamagata (Ochi 5554) ; Nagano (Ochi 7113).

7. ACIDODONTIUM.

A. exaltatum (MITT.) JAEG. - PERU : Pasco (Hegewald 8494). A. megalocarpum (HOOK.)
REN. et CARD. - PERU : Cuzco (Hegewald 8706) ; COSTA RICA : Alajuela (Bowers 394a). A.
subrotundum (TAYL.) HOOK. f. et WILS. - ECUADOR : Quito (Jameson s. n.); PERU :La
Libertad (Hegewald 7205).

8. BRYUM.

Subgen. Anomobryum. B. auraitum MITT. - UGANDA : Ruwenzori Mts. (Newbourd
5060). B. filiforme DICkS. - MALAWTI : Kotakota (Brass 17140) ; MEXICO : Oaxaca (Sharp et
al. 4780) ; PERU : Junin (Hegewald 8357). B. filiforme var. concinnatum (SPR.) BOUL. -
JAPAN : Hokkaido (Ochi 5287) ; Tokyo (Ochi 5878). B. gemmigerum (BROTH.) BARTR. -
INDIA : Kumaon (Srivastava 136311). B. plicatum (CARD.) OcHI - MEXICO : Durango
(Bowers et al. 5282). B. prostratum C. MUELL. - PERU : Apurimac (Hegewald 8945). B.
yasudae (BROTH.) OCHI - TAIWAN (OcHI 7062). JAPAN : Ehime (Ochi 2586).

Subgen. Bryum. B. cellulare HOOK. - JAPAN : Ehime (Ochi 4232). B. haematoneurum C.
MUELL. - INDIA : Kumaon (Srivastava 14181). B. lmbatum C. MUELL. - MEXICO:
Tamaulipas (Sharp 5639) ; Oaxaca (Sharp et al. 4130 ; Richards & Sharp 3826) ; PERU : La
Libertad (Hegewald 6055). B. chryseum MITT.-MEXICO : Chihuahua (Bowers et al. 5352). B.

argenteuwm HEDW. - JAPAN : Kagoshima (Ochi 2268). B. funkii SCHWAEGR. - CZECHOS-
 LOVAKIA : Bohemia (Pilous 580). B. coronaium SCHWAEGR. - JAPAN : Okinawa (Shin
16651). B. dichotomum HEDW. - ALGERIA : (Appert s. n.); NEW ZEALAND : Otago Pen.
(Kwallison 1127). B. radiculosum BRID. - MEXICO : Tamaulipas (Webster et al. 93). B.
ruderale CRUNDW. et NYH. - HOLLAND : Mon (Nyholm & Crundwell s. n.). B. alpinum
HuDps. - UGANDA : Ruwenzori Mts. (Newbourd 5159) ; MEXICO : Durango (Bowers et al.
51500). B. crassum HOOK. f. et WILS. - AUSTRALIA : Victoria (Scott 1575). B. leptocaulon
CARD. - JAPAN : Kagoshima (Nakajima 31770). B. miniatum LESG. - U. S. A.:California
(Koch s. n.). B. muhlenbeckii B. S. G. - MEXICO : Hidalgo (Sharp et al. 1790). B. soboliferum
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TovL. - PERU : Cuzco (Hegewald 5649). B. caespiticium HEDW.-JAPAN : Hokkaido (Ochi
1865) ; Yamagata (Ochi 3626) ; Toyama (Ochi 3756) ; Nagano (Ochi 3730). B. lonchocaulon C.
MUELL. - SWITZERLAND : (Amann s. n.). B. pallescens SCHLEICH. - JAPAN : Hokkaido
(Ochi 6661a). B. pseudotriquetrum (HEDW.) GAERTN., Meyer et SCHERB. - PAKISTAN :
Sharhan (Ahmad 418). B. blandum HOOK. f. et WILS. - NEW ZEALAND : Lake Waitique
(Meikeljohn s. n.). B. rutilans BRID. - U. S. S. R.: Terra Franz Josef (Savicz 1422). B.
turbinatum (HEDW.) TURN.-KARAKORAM : Shingo Bave (Ahmad 446) ; U. S. A.: Wyoming
(Conard s. n.). B. weigelii SPRENG. - JAPAN : Hokkaido (Ochi 4863) ; Gumma (Ochi 6025). B.
cyclophyllum (SCHWAEGR.) B. S. G. - JAPAN : Yamanashi (Ochi 4994) ; Shizuoka (Ochi
5810). B. marratii WILS. - GREAT BRITAIN : Angus (Nvholm et Duncan s. n.). B. capillare
HEeDW.-PERU : Amazonas (Hegewald 67372). B. pseudocapillare BeEScH. - MEXICO : Hidalgo
(Sharp et al. 2211). B. spininervium BROTH. - PERU : Huanuco (Hegewald 6301). B. den-
sifolium BRID. - ARGENTINA : Misiones (Matter: 504). B. laevigatum HOOK. f. et WILS. -
CHILE : Magallanes (Roiwvainen 1328). B. billardieri SCHWAEGR. - MEXICO : Chihuahua
(Bowers et al. 5359); Chiapas (Sharp el al. 4063b, 41682). B. richardsii SHARP ms. -
MEXICO : Oaxaca (Sharp M59172¢c, sharp et al. 130). B. leptoneurum P. VARD. - TAN-
ZANIA : Uluguru Mts. (Pocs & Crosby 6846/A). B. viridescens WELW. et DUBY - SOUTH
AFRICA : Transvaalia (Wager 313).

Subgen. Rhodobryum. B. huillense WELW. et DUBY - BRAZIL : Parana (Hafschbach
16416). B. grandifolium (TAYL.) C. MUELL. - PERU : Cuzco (Hegewald 8821). B. roseum
(HEDW.) GAERTN., MEYER et SCHERB. - JAPAN : Nagano (Ochi 5918) ; MEXICO : Oaxaca
(Sharp et al. 2839) ; Chiapas (Sharp et al. 4233). B. auberlii (SCHWAEGR.) BRID. - FIJI : (Gibbs
798). B. beyrichianum (HORNSCH.) C. MUELL. - MEXICO : Tamaulipas (Webster et al. 97b,
163a). B. giganteum (SCHWAEGR.) ARNOTT - JAPAN : Koochi (Ochi 2158). B. perspinidens
BROTH. - KENYA : Nyanza (Geesteranus 11348). B. procerum SCHIMP. - MEXICO : Durango
(Bowers et al. 5080) ; Mexico (Sharp et al. 1662) ; D. F. (Sharp 1671).

9. ROELLIA. ,

R. roellii (BROTH.) ANDREWS - U. S. A.:Oregon (Redfearn 11514).

Methods : The hard moss specimens were boiled in water for about an hour in order
to prevent the soft tissues from breaking. The inner structure of the stem was observed
from transverse and longitudinal sections having a thickness of 15 ym.

Observations and Discussion

In the tissues (epidermis, cortex, leptome and hadrome) described in this paper, the cell
walls of the epidermis and the cytoplasm of the leptome were dyed red with eosin, the cell
walls of the cortex were dyed blue-green with methyl green, and the cell walls of the
hadrome were dyed violet with a solution of aniline blue and eosin. Though these staining
methods, the various tissues could be distinguished from each other.

Of the anatomical characteristics observed, the following thirteen were selected for
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further study.

IV type: Stem differentiated into epidermis, cortex, leptome and hadrome.

N type : Cells of the hadrome smaller than (N type), or as large as (M type) those of the
leptome.

R type : Cell walls of the hadrome by far the thinnest (R type).

Q type : Cell walls of the hadrome thinner than (Q type), or thicker than (P type) those of
the leptome.

C type : Less than four cell layers within the cortex (C type).

X type : Cells of the epidermis smaller than (X type), or as large as (W type) those of the
cortex.

U type : Cell walls of the epidermis hyaline (T type), or not hyaline (U type).

A type : Leptome consists of less than four cell layers (A type), or more (B type) than four.

HRE type: Cells of the hadrome rectangular (HRE type), or spindle-shaped (HSP type).

HNA type: Cells in the hadrome longer than (HNA type), or as long as (HA type) that in the
epidermis.

I type: Cell walls of the epidermis thinner than (I type), or thicker than (G type) those of
the cortex.

CTN type: Septa thinner than (CTN type), or as thick as (CsI type) the cell walls of the

cortex.

ETN type : Septa thinner than (ETN type), or as thick as (ESI type) the cell walls of the

epidermis.

1. The anatomical characteristics common to all the one hundred species of Bryaceae
(Tab. 1 and Plates I-L)

The stems are differentiated into epidermis, cortex, leptome and hadrome (IV type).
Cells of the hadrome are smaller than those of the leptome (N type). Cell walls of the
hadrome are by far the thinnest (R type), and are thinner than those of the leptome (Q type).
Cortex consists of less than four cell layers (C type). Cells of the epidermis are smaller
than those of the cortex (X type). Cell walls of the epidermis are not hyaline (U type).

II. The anatomical characteristics common to each systematic group (Tab. 2)

(1) The anatomical characteristics common to the stems of each genus
1) Orthodontium : A type as for leptome and HRE type as for hadrome
2) Mielichhoferia : A type.
3) Pohlia: A type.
4) Brachymenium : A type.
5) Acidodontium : A type.
6) Plagiobryum : A type as for leptome and HRE type as for hadrome.

(2) The anatomical characteristics common to stems of each subgenus
1) Anomobryum : A type as for leptome and HRE type as for hadrome, except for



Tab. 1 Anatomical characteristics of the stem in Bryaceae

Subfamilies

Genera

Subgenera

Sections

Groups

Species

Anatomical characteristics of the stem

Ellfsider’ ?e?(r Hadrome Leptome Elri)sider’ ?eir' Hadrome ;l‘syp
Orthodontium O. inflactum Est GO CsiHA Hreg Lsi AU X C QPP R N IV
O. lineare Esi G CrnHa Hre Lin A|U X CQP R N V
Leptobryum L. pyriforme Ern I CrnHna Hspap Lt A{U X € Q@ R N IV
Miclichhoferia %;{;}ﬁfﬂﬂwfm Y. |Egi G CstHNaHRE Lei A|U X € Q@ R N IV
M. sasaokae Esti G Cst Hna Hsp) Ls1 A|U X €C @ R N IV
P, crudoides var. Ern G CstHnaHsp Lty A|U X € Q@ R N IV
P. clongata Esti G CrvHNna Hspa)y Isi A|U X C @ R N IV
P. flexuosa Esti G CrnHNaHRg Lst AU X C @ R N IV
P. leucostoma Esi G CrnHNaHRe Lrn AU X €C Q R N IV
P. obtusifolia Esi G CsiHNaHrRe Lrn AU X € Q@ R N IV
Pohlioideae Pohlia P. camptotrachela Est I Crn Hna Hsp Lst A|U X €C Q@ R N IV
gﬂ‘ggg’w"d” var. Est I CrnHna Hspayy Lst AU X C Q@ R N IV
P. proligera Est I CrvHnaHsp Lst AU X C @ R N IV
Pohila P. cruda Es1 G Crn Hna Hsp Lt AU X €C @ R X IV
P. longicolla ErNn G() Ctnv Hna Hsp I~ AU X € Q R N IV
P. nutans Ern G Crn Hna Hsp Lsti AU X C @ R N IV
P. schimperi Ern G(I) Crv Hna Hsp Icrn AJlU X C @ R N IV
P. fauriei Esi G Crn Hwna Hsp I'w A|U X €C @Q R N IV
Mniobryum P. ludwigii Esi G CsiHa HReg Lsti A|U X C Q@ R N IV
P. wahlenbergii Ern G Csi HNa Hrean st A|U X € Q@ R N IV
Epipterygium P. tozeri Ern G CrnHNaHRE Lrn AU X € Q@ R N IV
B. acuminatum Esi G Csi HNaHremy Lsti A|U X €C Q@ R N IV
B. coarctatum Esi G CsiHNaAHRe Lsti AU X €C Q R N IV
Dicranobryum B. dicranoides Esti G CsiHNaHRg Lst A|U X €C @ R N IV
B. exile Ern I CsiHvaHRe Lst A|U X C @ R N IV
B. preissianum Esi I CsiHNaHrRg Lst AU X C Q@ R N IV
Leptostomop- B. pulchrum Esi G CsiHnaHsp ILrn A|U X € @ R N IV
sis
B. systilium Ern G CrnHa HrRe Lst AU X €C @ R N IV
Globosa B. globosum Est G Csi Hna Hsp Lsi AU X €C @ R N IV
B. abyssinicum Esi I CsiHA Hremy Ls1 AU X C Q R N IV
B. capitulatum Esi G CrnHna Hreay Ls1 AU X € Q R N IV
Brachymenium B. hornschuchianum Esi G CsiHNaHRe Lsti AU X € Q R N IV
B. indicum Ern G Csr HNaAHreay Lsr A|U X € Q@ R N IV
B. lanceolatum Est I Csi Hna Hrean Lst AB|U X € Q@ R N IV
Brachymenium B. leptophyllum Esti G Csi HnaHremy st A|U X C Q@ R N IV
B. mexicanum Esi G CrnHNva Hremy Lt A|U X C Q R N IV
B. nepalense Est G Cst Hna Hreay Lst AU X €C Q@ R N IV
B. ptychothecium Esi I CsiHNaHreewn v A|U X C Q@ R N IV
B. radiculosum Esi G CsiHa HrReg Lrn AU X C Q R N IV
B. rigidum Ern G CrwnHa HrRg Lrn A|U X €C Q@ R N IV
B. klotzschit Ern G Csi Hna Hsp Lt~ A|U X C Q@ R N IV
Rostata B. speciosum Esti I CsiHnaHsp Lrn A|U X €C Q@ R N IV
B. wrightii Ern G Crn Hna Hsp Lsi A|{U X C @ R N IV
P. demissum Est G Cst Hva HrRem) Ler1 A [ U X(W) C Q®) R NM) IV
Plagiobryum B ppemissum SSP. | per 1(@) Crw Hna Hrean Lst A | U XW) € QB) R N IV
P. japonicum Esi G Cr~Hna HrReay Lyw A| U X(W) C QP) R N IV
A. exaltatum Ern I CrnHa Hresy Lt AU X €C Q R N IV
Acidodontium A. megalocarpum Est G Crn Hna Hsp Lt A|U X €C Q@ R N IV
A. subrotundum Est G Cst Hna Hreagny Lt AU X € Q R N IV
B. auratum Esti I CrwHa HrRe Lrw A|U X €C @ R N IV
B. filiforme Ern I CrnHNa Hremy) Lt A|U X €C Q@ R N IV
B. Tiliforme var. concin-| go; ()Gt Hna Hsp  Lin A|U X € @ R N IV
Anomobryum B. gemmigerum Esi I Crn Hna Hre Lt AU X €C Q R N IV
B. plicatum Esi I CrnHnaHreany Lst AU X €C Q@ R N IV
B. prostratum Ern G CtrwHna Hreay Lst AU X € @ R N IV
B. yasudae Esi I Csi HNaHreay Csi AU X C Q@ R N IV
B. cellulare Esi G CsiHA Hrg Lrn A|U X C Q R N IV
Group 1 | B. haematoneurum Esi G CstHA HRg ILrn A|U X C Q R N IV
B. limbatum Ern G Csi HNaHrem st AU X € @ R N IV
Group 11 | B. chryseum Esi I CsiHa HrRg Lsi AU X C Q@ R N IV
Bryoideae Greup Il | B. argenteum Est I Csi Hnva Hsp Isti A|U X C @ R N IV
B. funkii Ern I CrnHnaHsp Lrn AU X € Q@ R N IV
Group IV | B. coronatum Esti G Csi HNa Hspanp Lseti A|U X € Q@ R N IV
B. dichotomum Esi G Crn Hna Hsp Lt AU X C @ R N IV
Group V| B. radiculosun Esti G CsiHnaHrRe Lsti A|U X € Q@ R N IV
B. ruderale Est G CsiHvaHre Lst AU X € Q@ R N IV
B. alpinum Ern G CrnHnaHsp Lrvn AU X C Q R N IV
B. crassum Ern G Csi Hna Hsp Isi A|U X €C @Q R N IV
Group VI | B. leptocanlon Esti G Cst HNaHspanp Lsi A|U X € Q R N IV
B. miniatum Est G CsitHa Hrg Lrn AU X € Q R N IV
B. muthlenbeckii Ern G Csit HNaHRe Lst A|U X € @ R N IV
Group VIl | B. soboliferum Ern G Csi HNaAHRg L AU X C @ R N IV
B. caespiticium Bsti I CsiHnaHreay Lst1 A|U X € Q@ R N IV
Bryum Group Vil | B. lonchocaulon Ern G Csi Hna HRE ILsi AU X C€C Q R N IV
B. pallescens Est I Cst Hna Hsp Isi A|U X C @ R N IV
Bryum Group IX | B. pseudotriquetrium Est I CrnHwna Hsp Lt A{U X C @ R N IV
B. blandum Esti I CrnHNaHRg Ltn AU X C Q R N IV
Group X | B. rutilans Esi G Csi Hna Hsp Lsx A|U X C Q@Q R N IV
B. turbinatum Esti I CsiHNaHRe ILsti A|U X C @ R N IV
B. weigelii Esi G CrnHa HrReg Limn AU X C Q R N IV
Group X1 | B. cvclophyllum Ern G Csi HNaHremy st A|U X € Q@ R N IV
B. marratii Esi G CsiHNaHrRg Lsti A|U X € Q@ R N IV
Group XU | B. capillare Ern G CrnHa HrRe Lst AU X C Q@ R N IV
B. pseudocapillare Ern I CsiHnaHrRe ILsti A|U X C @ R N IV
Group XIII | B. spininervium Ern G Crn Hna Hsp Lsi AU X C @ R N IV
Group X1V | B. densifolium Ern G CsiHa Hrg Lrn B|U X € @ R N IV
Group XV | B. laevigatum Ern G Crnv Hna Hsp L' AU X €C @ R N IV
B. billardieri Est G Cst HvaHspay Lsi AU X C Q@ R N IV
Group XVI| B. richardsii Est G Crn Hna Hsp ILtw A|U X € Q@ R N IV
B. leptoneurum Er~n I Crnw Hwa Hsp Lt B|U X C Q@ R N IV
B. viridescens Est I CrnHna Hsp Lt B/U X € @ R N IV
B. huillense Ern G CrnHa Hremy Lt A|U X € Q@ R N IV
Group 1 | B. grandifolium Ern G Crn Hna Hsp Lt B|U X € @ R N IV
B. roseum Est G Csi Hna Hsp Lt AU X C @ R N IV
Rhodobryum B. aubertii Ern I Crnv Hna Hsp Lrw B|U X €C @ R N IV
Group 11 | B. beyrichianum Est G Crnv Hna Hsp Lrn B|U X C @ R N IV
B. giganteum Ern G Crnw Hna Hsp Lt B|U X €C @ R N IV
Group Il | B. perspinidens Esi G(I) Ctn HNna Hsp Lt AU X €C @ R N IV
B. procerum Esi G Csi Hna Hsp Iow B|U X €C @ R N IV
Roellia R. roelli Est G Crn Hna Hsp Lot~ AJU X C @ R N IV
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Tab. 2 Relationships between the taxonomy and anatomical characteristics of the stem

IV-N—Q—R—C—X—-U

Subfamilies Genera Subgenera Sections
HRE Hsp HRE Hsp
. inflactum
Orthodontium ZAf "
lineare
Leptobryum pyriforme
Mielichhoferial Japonica sasaokae
Sflexuosa crudoides V. revolvense
leucostoma elongata
obtusifolia
camplotrachela
Pohlioideae drummondii v. gracilis
Pohlia proligera
Pohlia cruda
longicolla
nutans
schimperi
Mniobryum ludwigii Jauriei
wahlenbergii
Epipterygium tozeri
acuminatum
coarctatum
Dicranobryum dicranoides
exile
preissianum
Leptostomopsis systilium pulchrum
Globosa globosum
abyssinicum
capitulatum
Brachymenium hornschuchianum
indicum
Brachymenium lanceolatum ptychothecium
leptophyllum
mexicanum
nepalense
radiculosum
rigidum
klotzchii
Rostrata speciosum
wrightii
demissum
Plagiobryum demissum ssp. hultenit
Japonicum
Acidodontium exaltatum megarocarpum
subrotundum
auratum
i1 . ,
fi zforn:te filiforme v. concinnatum
Anomobryum| gemmigerum
plicatum
prostratum
Bryoideae vasudae
cellulare
Group I haematoneurum
limbatum
Group 11 chryseum
argenteum
1 ..
Group II Sunkii
coronatum
T A% .
Group I dichotomum
radiculosum
\Y%
Group ruderale
miniatum alpinum
Group VI mauhlenbeckii crassum
leptocaulon
Bryum Bryum Group VII soboliferum
Group VIII caespiticium pallescens
lonchocaulon
Group IX pseudotriquetrum
blandum rulilans
Group X trubinatum
weigelii
Group XI cycloplz%{llum
marratii
capillare
G XII .
Toup pseudocapillare
Group XIII spininervium
Group XiV densifolium
Group XV laevigatum
billardieri vichardsii
Group XVI leptoneurum
viridescens
Group I huillense roseum grandifolium
aubertii
Phodobryum Group II beyrichianum
giganteum
Group III perspinidens procevum
Roellia roellii

[HO(Q) TWINIRE] PUB [VAMV3] 0MES]

0T~ 6
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Bryum filiforme v. concinnatum.

2) Rhodobryum : HSP type as for hadrome, except for Bryum huillense.
(3) The anatomical characteristics common to stems of each section

1) Pohlia: A type.

2) Mniobryum : A type.

3) Dicranobryum : A type.

4) Leptostomopsis: A type.

5) Brachymenium : A type as for leptome and HRE type as for hadrome.

6) Rostrata : A type.

III. Relationships among the taxonomic groups of Bryaceae
() Ralationships between Mniobryum and Epipterygium in the genus Pohlia

Tab. 3 Relationships among the anatomical characteristics of the stem in Mniobryum and

Epipterygium
Sections Species Anatomical characteristics of the stem
Pohlia fauriei A - G - Hsp - HNal- CIN - Esi
Mniobryum Pohlia ludwigii A - G -Hre - Ha |- Cst - Esi
Pohlia wahlenbergii A - G -Hre - Hna|- Cs1 - Emn
Epipterygium Pohlia tozeri A - G - Hre - Hwnaj- Crn - EmN

Mniobryum and Epiptrygium generally have the characteristics, A - G - HRE - HNa
in common, althogh there are exceptions in that the cells of the hadrome of Pohlia fauriei
are spindle-shaped (HSP type), and that in Poklia ludwigii the cells of the hadrome are as
long as those of the epidermis (HA type).

(2) Relationships between Plagiobryum and Bryum I.

Tab. 4 Relationships among the anatomical characteristics of the stem in Plagiobryum and

Bryum L.
Groups Species Anatomical characteristics of the stem
P. demissum A G - Hre - Esi|- Hna - CTN
Plagiobryum P. demissum v. hultenii A I(G) - Hre(H) - Esi|- Hyva - CrnN
P. japonicum A G Hre - Esi}- Hna - CrN
B. cellulare A G - Hre(m) - BEsi|- Ha - Csi
Bryum I B. haemaloneurum A G - Hre(m) - Esi|- Ha - Csi
B. limbatum A G Hre - Esi|- Hna - Cry

Plagiobryum and Bryum I generally have the characteristics, A - G - HRE - HSI in
common, although there is an exception that the cell walls of the epidermis are thinner than
those of the cortex in P. demissum v. hultenii (I(G) type).
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(3) Relationships among Bryum V, Bryum VI and Bryum VII.

Tab. 5 Relationships among the anatomical characteristics of the stem in Bryum V,
Bryum VI and Bryum VII.

Groups Species Anatomical characteristics of the stem
Bryum V Bryum radiculosum A G - Hna - Csi|- Hre - EsI
Bryum rudervale A G Hna - Cs1|- HRe - Esi
Bryum alpinum A G Hna - Crn|- Hsp - ETN
Bryum crassum A G Hna - Csi|- Hsp - ETN
Bryum VI Bryum miniatum A G Ha - Csi|- HRE - Esi
Bryum muhlenbeckii A G Hna - Csi|- HrRE - ETN
Bryum leptocaunlon A G Hna - Csi|- Hsp - Esi
Bryum VII Bryum soboliferum A G Hna - Csi|- Hre - ETN

Bryum V, Bryum VI and Bryum VII generally have the characteristics, A - G - HNA -
CsI in common, although there are exceptions that the cells of the hadrome are as long as
those of the epidermis in Bryum miniatum (HA type), and that septa of the cortex are
thinner than the cell walls of the cortex in Bryum alpinum (CTN type).
(4) Relationships among Brachymenium, Plagiobryum, Acidodontium and Bryum

Tab. 6 Relationships among the anatomical characteristics of the stem in Brachymenium, Plagiobryum,

Acidodontium and Bryum

Genera Anatomical characteristics of the stem
Brachymenium A G(I) - Hna - Hre(h)
Plagiobryum A G(I) - Hwna |- Hre(h)
Acidodontium A G(I) - Hwna(A)|- HRre(SP)
Bryum A G(I) - Hna |- Hsp(re)

Brachymenium, Plagiobryum, Acidodontium and Brywm mostly have the character-
istics, A - G(I) - HNA in common, although of course there are some exceptions in all
genera, and cell-shape in the hadrome seems to indicate, in order, a tendency of HRE (H)
—HRE(sp)—~HsP(re) corresponding to the order of Plagiobryum — Brachymenium =
Acidodontium — Bryum.

IV. Relationships among Bryaceae and other families whose stems are differentiated
into type IV. (Tab. 7 and Tab. 8)
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Tab. 7 Relationships among the families with the stem of IV-type.

Orders Families Genera Epidermis [Leptome Epidermis ‘HadromelHadromelEpidermisl CortexIHadrome Types
Orthodontium G A X R Q U C N v
Leptobryum I A X R Q U C N v
Mielichhoferia G A X R Q U C N v
Pohlia G(I) A X R Q U C N v
Bryaceae Brachymenium G(I) A X R Q U C N v
Plagiobryum G(®I) A X R Q U C N v
Acidodontium G(I) A X R Q U C N v
Bryales Bryum G(I) A(B) X R Q U C N v
Roellia G A X R Q U C N v
Plagiomnium G(I) A(B) X(W) R Q U C N v
Trachycystis G A X R Q U C N v
Mniaceae Mnium G A X R Q U C N v
Rhizomnium G A X R Q U C N v
Pseudobryum I B X(W) R Q U C N v
Fleischerobryum I A \4 R Q T C N v
Philonotis I A v R Q T C N v
Bartramiaceae Breutelia I B v R Q T C N v
Bartramia I B X R Q T C N Iv
Pottiales | Pottiaceae Oxystequs 1 A \ S P T C N v
Weissia I A \4 R Q U C N v
Trichostomum I A \4 R Q u(m) C N v
Toriella I(G) A V(X) R Q u(m C N v
Bryoerythrophyllum G A X R(S) Q U C N v
Anoectangium G A X R Q U C N v
Barbula G(I) A X(V) R(S) Q U C N v
Ditrichaceae Ditrichum G A X(W) R Q U C N v
Rseudoditrichum G A w R Q U C N v
Avrcloa G A X R P U C N(M) v
Brothera G A X R P U C N(M) v
Dicranales Trematodon G A X S P U C N v
Dicranaceae Campylopodium G A X S Q U C N(M) v
Dicranum 1 A(B) X S(R) Q U C N v
Dicranella G A X(W) R Q U C N v
Oncophorus 1 A(B) X(W) R Q U C N v
Campylopus 1 A \4 R Q U C N v
Leucoloma G(D X S P U C M 11T
Tab. 8 Relationships among the anatomical characteristics of the stem in Bryaceae, Mniaceae,

Bartramiaceae, Pottiaceae, Ditrichaceae and Dicranaceae

Families Anatomical characteristics of the stem
Bryaceae v - N -C - R - Q - AB) -X - U - G
Mniaceae v - N -C - R - Q@ - AB) -XW)- U - GO
Bartramiaceae v - N -CD)- RMS)- QP)- AB) -V - T -1
Pottiaceae v - N -C - RS- QP)- A - VX)- UM - IG)
Ditrichaceae v - N -C - R - Q - A - X(V)- U - G
Dicranaceae IV(III)- N(M)|-C(D)- RB)- QP)- AB) - X(W)- T - (®

In Bryaceae, Mniaceae, Bartramiaceae, Pottiaceae, Ditrichaceae and Dicranaceae, the
stem mostly consists of epidermis, cortex, leptome and hadrome (IV type), and hadrome

cells are generally smaller than leptome ones (N type).

Judging from these facts, it seems
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to be the fundamental characteristics in these mosses that stems are differentiated into
epidermis, cortex, leptome and hadrome, and that the hadrome cells are smaller than the
leptome ones.

Furthermore, the stems of these families mostly have the charact-eristics, R-Q-C in
common, although there are exceptions in that some species of Bartramiaceae, Di-
cranaceae and Pottiaceae have hadrome cell walls that are not noticeably thinnest (S type),
and are as thick as those of the leptome (P type), and that in Bartramiaceae, and
Ditrichaceae the cortex consists of cells more than four layers (D type).

In their anatomical characteristics, the families which seem to be most closely related
to Bryaceae are Mniaceae, Bartramiaceae and Ditrichaceae, particularly with regard to
the stems of Mniaceae. In the stems of Bartramiaceae, however, cells of the epidermis
which are hyaline (T type), are larger than those of the cortex (V type), and in the stems
of Ditrichaceae, cells of the epidermis are rarely larger than those of the cortex (V type).
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Plate I Cross and longitudinal sections of the stem
Fig. 1-5: Orthodontium inflactum Dozy et MOLK. x280
Fig. 6-10: Orthodontium lineare SCHWAEGR. x280
1, 2, 3, 6,7, 8: Cross sections, 4, 5, 9, 10 : Longitudinal sections.



Plate II Cross and longitudinal sections of the stem
Fig. 1-5: Leptobryum pyriforme (HEDW.) WILS. x220
Fig. 6-10: Mielichhoferia sasaokae BROTH, x220
1,2,3,6,7, 8: Cross sections. 4, 5,9, 10: longitudinal sections.



Plate III Cross and longitudinal sections of the stem
Fig. 1-5: Mielichhoferia mielichhoferi var. japonica (BESCH.) WIJK et MARG. x280
Fig. 6-10: Pohlia crudoides var. revolvens (CARD.) OCHI x220
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Plate IV Cross and longitudinal sections of the stem
Fig. 1-4 : Pohlia elongata HEDW. x220.
Fig. 5-8 : Pohlia flexuosa HOOK. x220.
1,2, 5, 6: Cross sections. 3, 4, 7, 8: Longitudinal sections.
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Plate V' Cross and longitudinal sections of the stem
Fig. 1-4: Pohlia obtusifolia (BrRID.) L. Kocn x220.
Fig. 5-9: Pohlia leucostoma (BOSCH et Lac.) FLEISCH. x220.
1, 2,5, 6, 7: Cross sections. 3, 4, 8, 9: Longitudinal sections.
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Plate VI Cross and longitudinal sections of the stem
Fig. 1-4: Pohlia camptotrachela (REN. et CARD.) BROTH. x220.

Fig. 5-9: Pohlia drumondii var. gracilis (B. S. G.) Pobp. x220.
1, 2,5, 6, 7: Cross sections. 3, 4, 8, 9: Longitudinal sections.
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Plate VII Cross and longitudinal sections of the stem

Fig. 1-5: Pohlia proligera (KINDB.) BROTH. x220.
Fig. 6-9: Pohlia cruda (HEDW.) LINDB, x220.

1, 2, 3, 6, 7: Cross sections.

4,5, 8, 9: Longitudinal sections.
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Plate VIII Cross and longitudinal sections of the stem

Fig. 1-5: Pohlia longicolla (HEDW.) LINDB. x112.

Fig. 6-10: Pohlia nutans (HEDW
1,2, 3, 6,7, 8: Cross sections.

LiNDB. x220.
4,5, 9, 10 : Longitudinal sections.

)
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Plate IX Cross and longitudinal sections of the stem
Fig. 1-4: Pohlia schimperi (C. MUELL.) ANDREWS. x220.
Fig. 5-8: Pohlia fauriei (CARD.) OcHI x220.
1, 2,5, 6: Cross sections. 3, 4, 7, 8: Longitudinal sections.



Plate X Cross and longitudinal sections of the stem
Fig. 1-4: Pohlia wahlenbergii (WEB. et MOHR.) ANDREWS, x220.
Fig. 5-8: Pohlia ludwigii (SCHWAEGR.) BROTH. x220.
1, 2,5, 6: Cross sections. 3,4, 7, 8 Longitudinal sections.






























































































































