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Eva Maier, a long-standing scientific collaborator at the Conservatoire et Jardin botaniques de la Ville de
Genève (CJBG), became interested in mosses during the 1980’s through her friends Vera and Johannes
Geibel, who were involved in the Swiss Bryological and Lichenological Association (Bryolich) at that time.
In 1989 Eva began to work more closely with the late Dr. Patricia Geissler at the CJBG where she developed an interest in the moss genus Grimmia. The genus Grimmia is a renowned lover of high altitudes and
the Swiss Alps were a good starting point for her research. Eva has collected bryophytes widely in Switzerland (both geographically and altitudinally !) and is in the process of transferring her rich herbarium
collection to the general herbarium (G) of the CJBG. This current work represents the culmination of over
two decades of Grimmia collecting and of the careful morphological-anatomical study of the genus.
Eva is now working on a treatment of Grimmia for South Africa as well as a contribution on Grimmia for
the new digital Bryophyte Flora of Switzerland. She continues to contribute actively to research on mosses
conducted at the CJBG, especially to work currently underway on Dicranum and the Dicranaceae, in
collaboration with Michelle Price.
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Abstract
The genus Grimmia Hedw. is described and, as circumscribed herein, includes 51
accepted species. Species descriptions are based on the study of 2800 specimens, including
274 types. Fifty-two figures are presented, composed of 140 plates with drawings of
morphological characters, series of anatomical characters found in the transverse sections
of leaves and longitudinal sections of peristome teeth. Diagnostic characters are emphasized. Identification keys for plants with and without sporophytes, a glossary, and methods
for the preparation of slides are included. Information on species distributions are
provided, along with indications on ecology. A taxonomic arrangement is proposed. An
appendix contains lists of accepted species, selected specimens, new and accepted synonyms
and of new lectotypifications and neotypifications.

Résumé
Le genre Grimmia est décrit et, comme circonscrit, contient 51 espèces acceptées à
présent. Environ 2800 spécimens, dont 274 spécimens types, ont été étudiés. Cinquante-deux
figures en 140 planches présentent des caractères morphologiques et des séries de caractères
anatomiques réalisés au moyen de coupes transversales des feuilles et de coupes longitudinales
des dents de péristome. Des caractères diagnostiques sont mis en valeur. Des clés de détermination pour plantes avec ou sans sporophytes et un glossaire ont été élaborés ainsi que
des méthodes de préparation microscopiques. Des informations sur les habitats des espèces
sont données. Un arrangement taxonomique est proposé. Un appendice contient la liste
des espèces acceptées, les spécimens sélectionnés pour l’étude, les synonymes nouveaux et
acceptés, et les nouvelles lectotypifications et néotypifications.

Zusammenfassung
Die Gattung Grimmia wird als 51 Arten umfassend beschrieben. Die Beschreibungen
beruhen auf der Untersuchung von ungefähr 2800 Belegen, 274 Typusproben inbegriffen.
Zweiundfünfzig Figuren, bestehend aus 140 Bildtafeln, zeigen Zeichnungen von morphologischen Merkmalen und Serien von anatomischen Merkmalen, wie Querschnitte von Blättern
und Längsschnitte von Peristomzähnen. Die diagnostischen Merkmale werden hervorgehoben. Ein Glossarium erläutert die Fachausdrücke, eine Methodenbeschreibung die Herstellung von mikroskopischen Präparaten. Bestimmungsschlüssel für Pflanzen mit und ohne
Sporophyten wurden erstellt. Angaben zu den Standorten sind beigefügt. Eine taxonomische Zuordnungen wird vorgeschlagen. Im Anhang finden sich je eine Liste über die anerkannten Arten, die untersuchten Proben, die neuen und anerkannten Synonyme sowie
neue Lectotypifizierungen und Neotypifizierungen.
KEY-WORDS : Grimmia – Taxonomy – Costal anatomy – Peristome anatomy – Keys –
Distribution – Taxonomic arrangement – Synonymy – Lectotypifications

Note of the editor: this work was submitted in January 2009.
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Introduction
The genus Grimmia Hedw. nomenclaturally dates from HEDWIG (1801). He described
five species under Grimmia and only one, Grimmia plagiopodia Hedw., the type of the genus,
remains in it today. Hedwig defined the genus Grimmia as follows : “Peristomium simplex,
dentibus sedecim latiusculis, reflexibus; Flores masculi axillares gemmacei, terminales capituliformis in eadem planta” (HEDWIG, 1801). The first comprehensive description of Grimmia,
as currently understood, appeared later with the issue of Bryologia Europaea of BRUCH,
SCHIMPER & GUEMBEL (1837-1855). The fascicule of 1845(1-8) contains a detailed description of the characters that defined it, peristome characters included.
LANTZIUS-BENINGA (1844, 1850) initiated extensive studies on the peristomes of mosses
(MAIER, 1999; MAIER & PRICE, 2005) with the intention of elaborating species-specific diagnostic characters. A few years later, LORENTZ (1867-1868), attempted studies on costal
anatomy for the first time with the aim of finding stable correlations between costal characters
and species. The findings of Lantzius-Beninga and Lorentz were widely used by Limpricht in
Die Laubmoose Deutschlands, Oesterreichs und der Schweiz (LIMPRICHT, 1885-1889) for the
descriptions of the moss species he treated therein. The definition of the genus Grimmia
is given by LIMPRICHT (1889 : 694, 722) as follows : “Peristom einfach, die sechzehn Zähne
allermeist bis zur Insertion gesondert, immer nach dem Typus der Aplolepideen gebaut…
Rippe vollständig, an der Bauchseite oberwärts mit zwei basalen Deutern”, translated as
“peristome haplolepidous, the sixteen teeth mostly separated down to the insertion, built
always following the type of the Haplolepideae… costa complete, on the ventral side in upper
part with two basal guide cells”.
The description of the genus Grimmia given by LIMPRICHT (1889 : 722-786), lists
general characters such as a central strand present, seta twisted to the left (anticlockwise),
calyptra not plicate, and operculum detaching without the columella. Despite its division
into subgenera, the unity, or concept, of the genus itself is maintained based on Limpricht’s
defining characters. The subgenera are as follows:
– Gasterogrimmia Schimp.: capsules smooth, bilaterally symmetrical, seta mostly
curved, shorter than the capsule, stomata present, calyptra mitrate (Grimmia crinita
excluded).
– Grimmia s. str.: capsules smooth, radially symmetrical, seta mostly straight, longer
than the capsule, stomata present, calyptra mostly mitrate.
– Guembelia Hampe : capsules smooth, radially symmetrical, seta straight, longer than
the capsule, stomata lacking (Grimmia caespiticia excluded), calyptra cucullate.
– Rhabdogrimmia Limpr.: capsule ribbed, radially symmetrical, seta bent, longer than
the capsule, stomata present, calyptra mitrate (Grimmia orbicularis excluded).
Limpricht was the first bryologist to recognize that plicae formation follows different
developmental pathways in the different genera of the Bryales. The investigation of plicae
developmental processes is discussed in a separate article (MAIER, 2004). The concept of
‘Rhabdogrimmia’ circa LIMPRICHT (1889), defined by the possession of ribbed capsules, is used
in this work.
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This present work, in accordance to the definition of Limpricht from 1889, defines
the genus Grimmia as a unity of fifty-one species. This study is based on the examination
of morphological and anatomical characters of both the gametophyte and the sporophyte.
Character traits are illustrated using a series of drawings of the examined specimens and type
specimens for each of the recognised species (Figures 1-51).
The nomenclature follows CORLEY & al. (1981) and CROSBY & al. (1999). Names published after 1999 are presented in the form given by their authors. The abbreviations
for the names of authors follow BRUMMITT & POWELL (1992) and those for bryological
nomenclatural literature follow CROSBY (1999).
Important note.– The author is aware of the work of OCHYRA & al. (2003) but the
proposed nomenclatural changes are not adopted herein.

Materials
The material used for the descriptions in this study consisted of 2800 specimens, including 274 types and 1150 specimens from E. Specimens came from ALTA, AUT, B, BM, BISH,
BOL, BP, BR, CANM, CHR, COLO, E, F, FH, G, GOET, GLAM, GZU, HAL, HBG,
H-BR, H-SOL, ILL, JE, KOCH, KRAM, L, LE, M, MA, MAK, MEL, MICH, MO,
MW, NICH, NMLU, NMW, NY, PC, PMAE, PRE, RO, S, STU, TNS, U, UBC, UPS, US,
W, WTU, WU, Z and ZT, from the following private herbaria : J. Bertram, T. L. Blockeel,
J. Chavoutier, R. Düll, O. Dürhammer, P. Erzberger, J. and V. Geibel, J. P. Gruber, R. Lübenau, M. Lüth, H. van Melick, R. B. Pierrot, E. Sauer, A. Schäfer-Verwimp, M. Siegel,
R. Skrzypczak, and from the author’s own herbarium collection, partly now in G.
The choice of material investigated reflected the aim of representing the distribution of
each of the 51 species of Grimmia recognised. The selection of specimens, to achieve a good
geographic representation for each species, was based on Index Muscorum (WIJK & al., 1962)
and the work of MUÑOZ & PANDO (2000). The careful study of type specimens and comparison of general specimens with the types permitted the establishment and testing of species
concepts, as well as of the new synonyms proposed.
Note.– The type citations follow MUÑOZ & PANDO (2000), although in some cases these
are different from the labels or label annotations associated with the specimens themselves.

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

Methods
The first impression of a Grimmia species is given by its growth form. Young shoots,
which are in many cases useful for identification purposes, are best viewed in the internal
part of the cushion and from the underside. Wetting induces the typical movement of the
leaves and this can be seen under the dissecting microscope by placing a plant onto a drop
of water. Development of sexual organs may influence the expression of cell patterns in the
leaf base, therefore plants in the vegetative state should be chosen to obtain comparable and
reproduceable results in morphological and anatomical investigations. The material is
prepared by gently heating some plants in a solution of 1 % or at most 2 % KOH. This is a
simple method that is used to soften dry or old material, to reconstitute the natural structure
of the cells and cell patterns, to confer transparency on the cells and to ensure the stability of
the tissues, thus preventing the shrinking of cells caused by the fixing agents.
Leaves which are not too young, from the upper stem, are carefully removed one by one
to prevent damage to the tissue at the leaf base. To remove dirt from plants a fine, soft watercolour brush, is helpful. Transverse sections of the stem and the leaves are cut free-hand with a
razor blade directly on the surface of the microscope slide. Comparable transverse sections are
obtained only when the razor blade is placed in a perpendicular position and at right angles to
the leaf axis. To obtain an instructive series of transverse sections two leaves are sufficient,
which is an important advantage when investigating type material. One leaf is cut from the
apex down to mid-leaf, the other from the insertion up to mid-leaf. The remainders can be
kept with the resulting sections.
Capsules are prepared in the same manner. Comparable results are obtained by using
mature and preferably operculate capsules. The softened capsule is cut lengthwise into two
equal halves. The spores are removed with a fine spatula, the spore sac is carefully extracted,
and the preparation cleaned with a brush and water to remove any remaining debris
and spores. Finally, the rounded capsule base is cut off to flatten the capsule. Observed at the
capsule base are the stomata. The dorsal and the ventral sides of the peristome should also
be observed. As the peristome is highly transparent attention must be paid to correct focusing
so that the papillosity of both the dorsal and ventral sides of the teeth can be seen. The operculum is cut longitudinally to observe the cell pattern. To accomplish longitudinal sections
of peristome teeth and the teeth insertion point in the capsule wall (which clearly show the
specific characters) it is necessary to make the sections as thin as possible, executed along
the axis of the capsule.
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Glossary
Commonly used terms are taken from MAGILL (1990), cited here with their English
cross-reference numbers, and from SMITH (1978).
Capsule epidermis : smooth or ribbed (LIMPRICHT, 1889: 759), (MAIER, 2004: 52).
Capsule form : radially symmetrical (actinomorphic) (MAGILL, 1990: 18) or bilaterally
symmetrical (zygomorphic) (MAGILL, 1990: 1154).
Cell wall thickenings seen in surface view :
– sinuose (MAGILL, 1990: 973) in transitional part of leaves, such as in G. meridionalis
(Fig. 31.8), or G. pygmaea (Fig. 44.21);
– nodulose (MAGILL, 1990: 706) in the leaf base, such as in G. decipiens (Fig. 12.8) or
G. fuscolutea (Fig. 18.17).
Cell wall thickenings seen in transverse sections of leaves :
– bulging exterior cell walls with uniform thickenings, such as in G. alpestris (Figs. 2.10-13);
– mammillose exterior cell walls with thickenings in the middle of the cells as in
G. caespiticia (Fig. 9.13).
Costa channelled : form on ventral side, described as “hollowed out like a gutter and
semi-circular in cross-section” (MAGILL, 1990: 201), determined as broadly channelled, or
channelled, such as in G. abyssinica (Fig. 1.8), and G. decipiens (Figs. 12.13, 12.16).
Costa angulate : form of costa on dorsal side, seen in transverse section of leaf, such as
in G. hartmanii (Fig. 20.14) or in G. muehlenbeckii (Fig. 33.12).
Costa prominent : form of costa on dorsal side, seen in transverse section of leaf ;
prominence is produced by contraction of the costa at the place of attachment of the two
lamina halves, such as in G. elatior (Figs. 15.10, 15.19) or G. nutans (Figs. 36.8, 36.21).
Costa rounded : form of costa on dorsal side, expressed in breadth : thickness ratio,
determined as broadly rounded  3-3,5:1 or rounded  1,5-2:1.
Diagnostic characters : are selected specific characters. The examination of a large number of specimens of a species brings to light the variability of characters initially thought to be
specific because they were seen only in the species investigated. Such unstable characters are
eliminated progressively by an ongoing selection process. The few remaining characters then
may be considered to be specific (= diagnostic) and together enable the differentiation of one
species from another.
Furrow : indentation formed by the two sides of the lamina inserted on the costa in the
same direction before spreading, such as in G. alpestris (Fig. 2.11) or G. sessitana (Fig. 46.13).
Guide cells : large, vacuolated costal cells (MAGILL, 1990: 483) in the leaf costae.
In Grimmia species the guide cells are ventrally arranged and their number is of taxonomic
value (“Deuter”, LORENTZ, 1867-1868: 374).

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

Hydroids : thin-walled costal cells arranged dorsally between the guide cells and stereids
or substereids (“Begleiterzellen”, LORENTZ, 1867-1868 : 378). In younger leaves the walls are
thin, in mature leaves cells are often star-shaped (vacuolate) with concave walls, appearing in
bands or in groups.
Insertion of the leaf : the lowest row of cells at the leaf base, the inferior delimitation
of a leaf, counterpart of “the place or line of attachement of a structure” (MAGILL, 1990: 572).
Insertion of the peristome : line of attachement of the peristome teeth to the capsule
wall, to be observed on the inner side of the capsule orifice.
Joint thickenings : thickenings (DEGUCHI, 1979 : 136), seen in transverse section of
leaf, developed on both ends of vertical cell walls where the two cells come into contact, such
as in G. anomala (Figs. 4.16, 4.17).
Lamina : part of leaf extending from above the leaf base to the apex, divided into the
lower part of lamina, the upper part of lamina, and a short part in the leaf point designated as
the apical part.
Leaf base : lowest part of leaf extending from insertion to the transitional part, generally
the broadest part of leaf, mostly 1/3 to 1/4 of leaf length. Cell shape, especially of the elongate
paracostal cells, is different from the cell shape above the transitional part.
Leaf keeled : description of spatial aspect, created by the position of lamina halves
relative to the leaf axis, presented in a series of outlines of transverse leaf sections shown at
low magnification, expressed in degrees, determined as broadly keeled >45°, keeled  45°,
narrowly keeled <45°, spreading  90°.
Leaf form in situ (spatial aspect) : the natural tridimensional form of a leaf in a wet
state as it appears inserted on the stem, presented in a series of outlines of transverse leaf
sections shown at low magnification.
Ochrea : upper part of vaginula (MAGILL, 1990: 721).
Seta, in dry state : seen in surface view the cells appear twisted from below left to above
right, a general feature in the genus Grimmia. Extremely short setae are not twisted. Exceptions are noted in the chapter Taxonomic treatment.
Seta, in wet state : the bending of the seta is expressed by the terms arcuate, curved or
inclined. Arcuate setae are bent over until the capsule touches the cushion (SAYRE, 1952 :
256), curved setae are slightly bent and the capsule horizontally or obliquely turned, inclined
setae are slightly deviated from the vertical position, such as in G. elongata (Fig. 16.3) or
G. sessitana (Fig. 46.3).
Seta epidermal cells : the arrangement is a specific character observed in surface view.
In general, the cells are turning from below left to above right.
Seta length : is measured without the vaginula.
Shoots : young shoots are slender elongate stems with reduced leaves. The catenulate
young shoots, specific to G. funalis (Fig. 17.18) are an example of this.
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Stereids: thick-walled cells, found in groups or bands in the costa (MAGILL, 1990: 1012).
Stratosity : cell layers in leaf base and lamina, described as unistratose, bistratose,
tristratose, quadristratose, multistratose.
Striate : marked with ridges or fine lines (MAGILL, 1990: 1025).
Trabeculae : cross-bars formed from residual horizontal cell walls on the dorsal side
of the peristome teeth, determined as broad as in G. consobrina (Fig. 10.14) and G. funalis
(Fig. 17.14), as small as in G. anomala (Fig. 4.12), as thin as in G. ramondii (Fig. 45.13) and
as wavy as in G. dissimulata (Fig. 13.14).
Transitional part of leaf : zone between the leaf base and leaf lamina, generally located
in the broadest part of a leaf, where the elongate cells of leaf base with smooth or nodulose
walls change to shorter cells of laminal part with mostly sinuose walls. At the same place, seen
in dorsal view, the elongate costal cells change to short cells.

Generic description
Grimmia Hedw., Sp. Musc. Frond.: 75. 1801.
Type : Grimmia plagiopodia Hedw., Sp. Musc. Frond.: 78, tab. XV, fig. 6-13. 1801.
Gametophyte. Monoicous and dioicous, acrocarpous. Female plants : perichaetial
leaves 6-9, the outer ones similar to the comal leaves, the inner ones shorter or longer,
straight, concave, the tissue of the cells thin, the costae small ; male plants : mixed with
female plants or growing in separate cushions, perigonia bud-like, perigonial leaves 6, the
3 outer ones similar to the stem leaves, the inner ones ovate, concave, muticous, costa thin,
antheridia mostly with paraphyses. Growth form : plants in dense or lax cushions, spreading,
ascending to erect. Leaves : patent, recurved or incurved, lanceolate or elongate-lanceolate,
concave or keeled, margins recurved or inflexed, apices muticous or with hair-points, costae
percurrent or excurrent.
Sporophyte. Seta: straight or arcuate, short to elongate. Capsule: ellipsoid or cylindrical,
smooth or ribbed, annulus persistant or disintegrating. Calyptra : mitrate or cucullate.
Operculum : convex and mammillate or conical and rostrate. Peristome : haplolepidous,
sometimes lacking, teeth lanceolate, entire or split into two or three divisions, trabeculate on
outer side, covered with papillae on inner and outer sides, inserted near capsule rim, rarely
deeply below, columella attatched to capsule base. Spores : small, smooth or papillose.
Distribution : in the Northern and Southern hemispheres.
Habitat and substrate : from sea-level to high alpine regions, on siliceous and calcareous rocks, and their deposits from weathering.

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

Identification keys
Successful use of the keys depends on the correct preparation of specimens, as described
in the methods, so that specific characters can be seen.

Key to related genera in the Grimmiaceae
1.

Cells in the leaf base elongate with conjointly thickened and sinuose walls ; seta in dry
state, seen in surface view, twisted from the right side below to the left side above ...........
................................................................................................................. Racomitrium
1a. Cells in the leaf base never elongate with conjointly thickened and sinuose walls ; seta
not as above ................................................................................................................. 2
2.

Costal cells in transverse section scarcely differentiated; seta in a dry state not twisted, at
capsule dehiscence columella remains attached to operculum ..................... Schistidium
2a. Costal cells in transverse section differentiated ; seta in a dry state twisted from the
left side below to the right side above, at capsule dehiscence columella not attached to
operculum ...................................................................................................... Grimmia

Key to species of Grimmia, for plants bearing sporophytes
Due to the lack of sporophytes the following species are excluded from this identification key: G. handelii, G. maido, G. nepalensis, G. pulla, G. torquata, G. tortuosa.
Plants examined in a dry state and then in a wet state.
1. Seta straight ................................................................................................................. 2
1a. Seta not straight ......................................................................................................... 23
2. Seta elongate, longer than the capsule, capsule smooth................................................. 3
2a. Seta short, approximately same length as capsule, capsule smooth .............................. 21
3.

Costa, seen in transverse section, at insertion with more than 8 basal cells, most of them
being guide cells, costa, seen on dorsal side, indistinct from above leaf base to apex...... 4
3a. Costa, seen in transverse section, at insertion with 8, 6 or 4 basal cells, or 4 basal
cells, the 2 outer ones contiguous with the basal cells, all being guide cells; costa, seen on
dorsal side, distinct from leaf base to apex .................................................................... 7
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4.

Margin (Fig. 23.7) from insertion to transitional part on one side recurved ; leaf, seen
in transverse section (Fig. 23.11), in laminal part bistratose with tristratose patches
in places ; leaf lingulate (Fig. 23.5), apex rounded, rarely acute, hair-point bluntly
denticulate. Calyptra cucullate, lobed; operculum conical, beak long, oblique ................
............................................................................................................ 23. G. khasiana
4a. Margin plane throughout; lacking above combination of characters............................ 5
Leaf base short,  1/5 of leaf length (Fig. 25.5) ; half-sheathing, in sheathing part cells
toward margin transversely rectangular or oval (Fig. 25.10), transverse walls thicker
than longitudinal walls ; margin (Fig. 25.11) unistratose from leaf base to below
apex ; in laminal part the 2 guide cells sunken in narrow channel, their adaxial cell
walls strongly thickened. Calyptra mitrate, lobed ; operculum conical, beak straight,
blunt .................................................................................................... 25. G. laevigata
5a. Leaf base long,  1/3 of leaf length; lacking above combination of characters.............. 6
5.

6.

Apex muticous, rounded (Fig. 51.5) ; costa, seen in transverse section, cells uniform
(Fig. 51.9), hydroids lacking. Calyptra mitrate, lobed, fugacious ; operculum conical,
beak short or elongate, straight .............................................................. 51. G. unicolor
6a. Apices with denticulate hair-points of different lengths (Figs. 38.7, 38) ; costa, seen in
transverse section (Fig. 38.14), cells not uniform, a central group of hydroids present.
Calyptra cucullate; operculum conical, beak long, oblique ........................ 38. G. ovalis
7.

Costa, seen in transverse section (Fig. 6.27), at insertion with 8 guide cells ; apex muticous (Fig. 6.6), acute, rarely cucullate ; costa stout with a median band of substereids ;
bistratose alar cells (Fig. 6.10) on both sides, on one side only (Fig. 6.13), or without
alar cells (Fig. 6.12). Calyptra mitrate-campanulate ; operculum conical, rostrate, beak
short or long, straight or oblique................................................................. 6. G. atrata
7a. Costa, seen in transverse section, at insertion with 6 or 4 guide cells, or with 4 guide
cells, the 2 outer ones contiguous with basal cells ......................................................... 8
8. Costa, seen in transverse section, at insertion with 6 guide cells.....................................9
8a. Costa, seen in transverse section, at insertion with 4 guide cells, or with 4 guide cells, the
2 outer ones contiguous with basal cells...................................................................... 11
9.

Stem without central strand (Fig. 20.4) ; cortical cells large, nearly uniform, sharply
differentiated from brownish epidermis, constituted by at least 2 rows of stereids
with very narrow lumina ; cells in the leaf base (Fig. 20.13) short rectangular to isodiametric, walls smooth ; occasionally with multicellular clusters (Fig. 20.3) of rounded
gemmae at apex. Calyptra cucullate-mitrate; operculum conical, beak long, straight .......
........................................................................................................... 20. G. hartmanii
9a. Stem with central strand; lacking above combination of characters ............................ 10
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10. Basal paracostal cells rectangular (Fig. 8.15), becoming shorter and nearly quadrate
to the margin, walls smooth ; costa, seen in transverse section (Fig. 8.17), in laminal
part on dorsal side prominent, rounded. Calyptra cucullate ; operculum convex,
mammillate................................................................................................ 8. G. bicolor
10a. Basal paracostal cells elongate-rectangular (Fig. 27.31), walls nodulose, transverse cell
walls markedly thin; costa, seen in transverse section (Fig. 27.47), in lower laminal part
unevenly rounded or slightly angulate. Calyptra mitrate ; operculum conical, rostellate,
beak straight or slightly oblique ........................................................ 27. G. longirostris
11. Costa, seen in transverse section, at insertion with 4 guide cells.................................. 12
11a. Costa, seen in transverse section, at insertion with 4 guide cells, the 2 outer ones
contiguous with basal cells.......................................................................................... 20
12. Lamina, seen in surface view, striate ; lamina cells, seen in transverse section (Fig. 4.9),
papillose and with joint thickenings ; occasionally with multicellular clusters
(Fig. 4.1) of rounded gemmae at apex. Calyptra cucullate-mitrate ; operculum
conical, beak long............................................................................... 4. G. anomala
12a. Lamina, seen in surface view, not striate; lacking above combination of characters ..... 13
13. Lamina cells, seen in transverse section, bulging or mammillose ................................. 14
13a. Lamina cells, seen in transverse section, smooth ..........................................................16
14. Lamina cells, seen in transverse section (Fig. 5.14), bulging ; margin plane throughout ;
costa, seen on dorsal side (Fig. 5.4), of nearly uniform width ; hair-points (Fig. 5.7) of
different lengths, sharply denticulate. Calyptra not seen ; operculum conical, rostrate,
beak oblique ...................................................................................... 5. G. asperitricha
14a. Lamina cells, seen in transverse section, mammillose ; lacking above combination of
characters ................................................................................................................... 15
15. Margin in upper part of leaf inflexed (Fig. 9.13) ; costa, seen on dorsal side (Fig. 9.7),
small in leaf base, enlarged in apical part ; hair-points (Fig. 9.8) short, nearly smooth ;
secondary costae (Fig. 9.10) present occasionally in lower half of leaf. Calyptra cucullate,
small, fugacious; operculum conical, obtuse......................................... 9. G. caespiticia
15a. Margin in upper part of leaf (Fig. 35.10) slightly incurved ; costa, seen on dorsal side,
stout in leaf base, becoming strikingly enlarged (Figs. 35.19, 24, 26) in upper laminal
part; hair-points short, denticulate; secondary costae lacking. Calyptra not seen; operculum conical, blunt .................................................................................... 35. G. nivalis
16. Margin plane or incurved ........................................................................................... 17
16a. Margin recurved on both sides or on one side only..................................................... 18
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17. Margin plane ; basal paracostal cells elongate-rectangular (Fig. 14.7) ; toward margin
some rows of elongate-retangular, hyaline cells, longitudinal and transversal cell walls
evenly thin and smooth, the rows gradually vanishing, the outermost row reaching
to above broadest part of leaf, thus forming between the hyaline and thicker walled
chlorophyllose cells a delimitation, running obliquely from costa to margin ; leaf in
lower laminal part keeled (Fig. 14.9), in upper part narrowly so. Calyptra mitrate,
lobed; operculum conical, mammillate ............................................... 14. G. donniana
17a. Margin (Figs. 32.15, 18) from leaf base to apex gradually strongly incurved on both
sides ; basal paracostal cells (Fig. 32.10) rectangular, toward margin cells becoming
short-rectangular or quadrate; leaf in lower part concave, in upper part keeled. Calyptra
cucullate; operculum conical, rostrate or rostellate, beak straight or oblique....................
............................................................................................................. 32. G. montana
18. Margin (Fig. 8.14) recurved from insertion to mid-leaf on one side, on the opposite side
recurved in mid-leaf only ; basal cells (Fig. 8.24) rectangular, becoming shorter toward
margin; costa, seen in transverse section (Fig. 8.17), on dorsal side in leaf base rounded,
in laminal part prominent. Calyptra cucullate; operculum convex, mammillate ..............
.................................................................................................................. 8. G. bicolor
18a. Margin recurved on one side only; lacking above combination of characters .............. 19
19. Basal paracostal cells (Fig. 27.9) elongate-rectangular, walls nodulose, transverse
cell walls markedly thin; marginal cells quadrate to rectangular; costa, seen in transverse
section (Fig. 27.47), in lower laminal part unevenly rounded or slightly angulate.
Calyptra mitrate; operculum conical, rostellate, beak straight or slightly oblique.............
......................................................................................................... 27. G. longirostris
19a. Basal paracostal cells (Fig. 16.10) elongate-rectangular, walls smooth or weakly nodulose, transverse walls thickened ; at margin 3-4 rows of narrowly elongate-rectangular,
hyaline, thin-walled cells, gradually vanishing, the outermost row ascending to above
broadest part of leaf, the marginal cells gradually becoming short-rectangular to
quadrate ; costa, seen in transverse section (Fig. 16.41), in lower laminal part rounded,
smooth. Calyptra mitrate-cucullate; operculum conical, blunt .............. 16. G. elongata
20. Lamina appearing striate due to variable stratosity ; margin plane, erect in upper part
of leaf ; costa, seen in transverse section (Fig. 2.11), in laminal part on dorsal side
prominent, somewhat angulate, on ventral side recessed in furrow. Calyptra cucullate,
fugacious; operculum conical, blunt ........................................................ 2. G. alpestris
20a. Lamina appearing not striate ; margin (Fig. 22.12) at leaf base slightly recurved on
one side ; costa, seen in transverse section (Fig. 22.13) of the laminal part of leaf, with
exterior cell walls markedly thicker than the interior cell walls, lamina ending as subula
(Fig. 22.30), the cells being homogeneous. Calyptra conico-mitrate, lobed ; operculum
conical, blunt ......................................................................................... 22. G. incurva
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21. Margin (Figs. 40.9-10) on one or both sides recurved ; leaf, seen in transverse section
(Fig. 40.10), in laminal part broadly keeled or keeled, at insertion 6-8 basal cells
(Fig. 40.17), 2 of them with enlarged lumina, arranged in leaf axis and reaching apex,
no hydroids. Calyptra not seen; operculum conical, rostrate ................... 40. G. pilifera
21a. Margin plane; lacking above combination of characters ............................................. 22
22. Leaf concave throughout (Fig. 47.7) ; basal paracostal cells (Fig. 47.8) rectangular, walls
smooth, at insertion near margin cells short-rectangular or isodiametric, walls smooth ;
in laminal part, seen in transverse section (Fig. 47.9), the 2 guide cells only slightly
distinct or indistinct from the lamina cells, due to similarity with the contiguous
lamina cells. Calyptra mitrate; operculum conical, rostrate or rostellate, beak straight .....
........................................................................................................... 47. G. tergestina
22a. Leaf concave in leaf base (Fig. 24.12), above broadest part broadly keeled ; basal
cells (Fig. 24.20) from costa to margin elongate-rectangular, thick-walled, more or less
nodulose ; in laminal part, seen in transverse section (Fig. 24.33), the 2 guide cells
distinct, different from the contiguous lamina cells. Calyptra not seen ; operculum
conical, beak long, oblique ...................................................................... 24. G. kidderi
23. Seta arcuate, curved.................................................................................................... 24
23a. Seta inclined or in an S-form, approximately of same length as capsule ...................... 48
24. Capsule smooth.......................................................................................................... 25
24a. Capsule shrivelled or ribbed ....................................................................................... 27
25. Margin (Fig. 28.6) recurved from above leaf base to mid-leaf on one side; revolute from
insertion to mid-leaf on opposite side ; apex acute, apiculate or with short (Fig. 28.5),
hyaline greenish or brownish tinged hair-points, or with elongate hair-points appearing
twisted by somewhat obliquely arranged cells, decurrent in apical part as border of
2 rows of elongate-rectangular thick-walled cells, distally bluntly protruding, lumina
distinct in all shapes of hair-points ; lamina, seen in transverse section (Fig. 28.9), with
smooth cells. Calyptra cucullate; operculum conical, beak straight, blunt .......................
......................................................................................................... 28. G. macrotheca
25a. Margin recurved on one side from insertion to mid-leaf ; lacking above combination of
characters ................................................................................................................... 26
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26. Basal cells (Fig. 18.7) rectangular, walls more or less nodulose ; leaf, seen in transverse
section, lamina cells smooth (Fig. 18.28) or lamina cells slightly bulging on dorsal and
ventral sides (Fig. 18.9), above broadest part of leaf guide cells narrowly elliptical,
obliquely arranged to leaf axis. Calyptra mitrate, lobed; operculum conical, beak obtuse,
of different length ............................................................................... 18. G. fuscolutea
26a. Basal cells (Fig. 39.7) short-rectangular, walls smooth ; leaf, seen in transverse
section, lamina cells mammillose (Fig. 39.8), lamina irregularly bistratose by
doubled longitudinal cell rows, appearing in surface view (Fig. 39.9) as irregular
ridges on lamina ; guide cells horizontally arranged. Calyptra not seen in mature
state ; operculum conical, blunt .................................................. 39. G. percarinata
27. Capsule shrivelled ; leaf markedly narrowed at insertion (Fig. 11.6), widest above
mid-leaf, apex rounded, hyaline to variable extent ; basal cells (Fig. 11.9) from costa to
margin elongate-rectangular, walls smooth ; seen in transverse section (Fig. 11.13),
leaf at insertion and in leaf base concave, in laminal part keeled, margin unistratose
throughout, plane or slightly recurved in upper part of lamina ; costa (Fig. 11.25)
passing through hyaline apical part excurrent into faintly denticulate hair-point. Calyptra cucullate; operculum conical, beak short, obtuse ................................ 11. G. crinita
27a. Capsule ribbed; lacking above combination of characters ........................................... 28
28. Costa, seen in transverse section (Figs. 15.10, 19-20, 24), at insertion a variable
number of 6-8 basal cells, 2-3 of them are guide cells ; dorsally added is a second row
of 2-3 cells with large lumina, the other costal cells nearly uniform, neither stereids nor
hydroids present; lamina bistratose in upper part (Fig. 15.10), cells mostly mammillose,
rarely smooth. Calyptra mitrate, lobed, conical ; operculum conical, beak long, straight
................................................................................................................. 15. G. elatior
28a. Costa, seen in transverse section, at insertion with 6-8 basal cells, all are guide cells ;
lacking above combination of characters..................................................................... 29
29. Costa, seen in transverse section, at insertion with 8 guide cells.................................. 30
29a. Costa, seen in transverse section, at insertion with 6 guide cells or less than 6 guide cells
................................................................................................................................... 32
30. Costa, seen in transverse section (Fig. 45.9), on dorsal side in upper part of lamina
strongly winged ; costal cells in the winged part uniform, the adaxial walls of costal
cells markedly thickened ; hydroids lacking throughout. Calyptra not seen ; operculum
rostrate, beak oblique........................................................................... 45. G. ramondii
30a. Costa, seen in transverse section, on dorsal side in upper part of lamina not winged ;
lacking above combination of characters..................................................................... 31
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31. Costa, seen in tranverse section (Fig. 26.29), on dorsal side rounded throughout ;
basal cells (Fig. 26.34) rectangular to short-rectangular, at margin 1-2 rows of very short
rectangular to quadrate cells, walls mostly smooth, occasionally slightly nodulose.
Calyptra mitrate ; operculum conical, beak long, straight. Propagule development on
dorsal side of leaf base.................................................................................. 26. G. lisae
31a. Costa, seen in transverse section (Fig. 12.38), on dorsal side in upper part of lamina
slightly angulate or uneven ; basal cells (Fig. 12.8) markedly elongate, walls thickened,
nodulose, toward margin a sharply contrasting band of several rows of short-rectangular
and quadrate cells, walls thickened. Calyptra mitrate; operculum conical, subulate, beak
straight. Propagule development lacking............................................... 12. G. decipiens
32. Costa, seen in transverse section, at insertion with 6 guide cells.................................. 33
32a. Costa, seen in transverse section, at insertion with less than 6 guide cells.................... 36
33. Basal cells markedly elongate ...................................................................................... 34
33a. Basal cells not markedly elongate................................................................................ 35
34. Basal cell walls (Fig. 12.8) nodulose, thickened, toward margin a sharply contrasting
band of several rows of short-retangular and quadrate cells present, walls thickened ;
margin (Fig. 12.14) on one side revolute from insertion to mid-leaf, on opposite side
recurved ; costa, seen in transverse section (Fig. 12.13), on dorsal side in upper part of
lamina slightly angulate or uneven. Calyptra mitrate; operculum conical, subulate, beak
straight................................................................................................. 12. G. decipiens
34a. Basal cell walls (Fig. 1.6) smooth, not thickened, from costa toward margin uniform ;
margin (Fig. 1.5) on both sides from insertion to mid-leaf more or less strongly revolute ; costa, seen in transverse section (Fig. 1.8), in upper part of lamina on dorsal side
smooth. Calyptra mitrate; operculum conical, beak obtuse .................. 1. G. abyssinica
35. Basal cells (Fig. 26.21) rectangular to short-rectangular, walls smooth or slightly nodulose;
costa, seen on dorsal side (Fig. 26.6), stout, diminishing in apical part, seen in transverse
section (Fig. 26.22), on dorsal side smooth throughout; lamina, seen in surface view, not
striate. Calyptra mitrate; operculum conical, beak long, straight. Propagule development
on dorsal side of leaf base.............................................................................. 26. G. lisae
35a. Basal cells (Fig. 36.7) from costa to margins short-rectangular to quadrate, walls
smooth; costa, seen on dorsal side (Fig. 36.5), at insertion and in leaf base stout, diminishing in laminal part, seen in transverse section (Fig. 36.8), on dorsal side in leaf base
uneven, in laminal part exterior cell walls bulging ; lamina, seen in surface view, striate
due to variable stratosity. Calyptra cucullate-lobed ; operculum conical, beak long,
oblique. Propagule development lacking .................................................. 36. G. nutans
36. Costa, seen in transverse section, at insertion with 4 guide cells.................................. 37
36a. Costa, seen in transverse section, at insertion with 4 guide cells, the 2 outer ones
contiguous with basal cells.......................................................................................... 45
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37. Margin plane ; costa, seen in transverse section (Fig. 44.10), from insertion to mid-leaf
the 2 median guide cells of narrow elliptical shape in mid-leaf arranged obliquely to leaf
axis ; basal paracostal cells (Fig. 44.7) elongate-rectangular, walls nodulose, in transitional part (Figs. 44.9, 21) cells rectangular, small, walls sinuose ; stem leaves arranged
in tiers. Calyptra mitrate; operculum conical, beak short ...................... 44. G. pygmaea
37a. Margin recurved on one side or on both sides ; lacking above combination of characters
................................................................................................................................... 38
38. Margin recurved on one side ...................................................................................... 39
38a. Margin recurved on both sides ................................................................................... 42
39. Costa, seen in transverse section (Fig. 31.9), from insertion to apical part the 2 median
guide cells of narrow elliptical shape, from above leaf base to apical part arranged
obliquely to leaf axis ; basal paracostal cells (Fig. 31.20) elongate-rectangular, walls
thickened, nodulose, in transitional part (Fig. 31.8) cells short-rectangular, walls sinuose ; stem leaves arranged in tiers. Calyptra mitrate, lobed ; operculum conical, rostrate,
beak straight. Propagule development on dorsal side of leaf base..... 31. G. meridionalis
39a. Costa, seen in transverse section, from insertion to apical part the guide cells of rounded
shape, arranged horizontally to leaf axis; lacking above combination of characters...... 40
40. Costa, seen in transverse section (Fig. 7.11), cells uniform except for guide cells,
hydroids lacking ; basal cells (Fig. 7.14) elongate-rectangular, thick-walled, nodulose,
at margin 2 rows of elongate-rectangular smooth-walled cells ; on one side near costa
a plica present (Fig. 7.7), vanishing in lower laminal part. Calyptra mitrate, lobed ;
operculum conical, beak long, straight. Propagule development on basal dorsal side
of costa ............................................................................................ 7. G. austrofunalis
40a. Costa, seen in transverse section, cells not uniform, hydroids present ; propagules
present ; lacking above combination of characters ................................................. 41
41. Costa, seen in transverse sections (Figs. 13.9, 19), at insertion and in leaf base somewhat angulate or flat, in leaf base a row of hydroids, from transitional part to above midleaf enlarged to a band of hydroids, the exterior walls of dorsal costal cells markedly
thickened ; basal paracostal cells (Fig. 13.18) broad rectangular, slightly nodulose, near
margin some rows of nearly isodiametric cells, walls smooth. Calyptra mitrate, lobed ;
operculum conical, beak long, straight. Propagule development on dorsal side of lower
part of lamina, destroying cells but preserving costa ......................... 13. G. dissimulata
41a. Costa, seen in transverse section (Fig. 50.27), at insertion and in leaf base rounded,
below the guide cells (dorsally) a layer of 1-3 slightly smaller cells than the guide cells
(Figs. 50.10-11) present ; basal cells (Fig. 50.7) elongate-rectangular, walls smooth,
near margin 2-3 rows of shorter elongate-rectangular cells, they may appear hyaline.
Calyptra conico-mitrate, lobed; operculum conical, rostrate, beak oblique, rarely straight.
Propagule development on dorsal side of leaf base ........................... 50. G. trichophylla
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42. Margin recurved from insertion to mid-leaf on one side, slightly recurved from above
leaf base to mid-leaf on the opposite side.................................................................... 43
42a. Margin recurved from below to above mid-leaf on both sides ..................................... 44
43. Margin recurved on broader, nearly straight side, on rounded side near mid-leaf, conferring an asymmetric shape on the leaf (Figs. 33.26, 29); basal paracostal (Fig. 33.8)
cells elongate-rectangular or rectangular, walls nodulose, toward margin short-retangular
to quadrate, walls smooth ; costa, seen in transverse section (Fig. 33.12), in leaf base
on dorsal side rounded, in upper laminal part angulate (Fig. 33.14) or winged
(Fig. 33.28) ; costal cells in the upper laminal part uniform. Calyptra conico-mitrate,
lobed ; operculum rostrate, beak straight. Propagule development on both sides of leaf
base ............................................................................................. 33. G. muehlenbeckii
43a. Margin curvature not altering the symmetric shape of the leaf ; basal paracostal cells
(Fig. 43.21) short-rectangular, at margin some rows of nearly quadrate cells, transverse
walls thickened, smooth ; costa, seen in transverse section (Fig. 43.9), dorsally rounded
throughout ; costal cells in the upper laminal part differentiated. Calyptra mitrate,
lobed ; operculum conical, rostrate, beak straight, length variable. Propagule development lacking ....................................................................................... 43. G. pulvinata
44. Basal cells (Fig. 36.7) short-rectangular to quadrate from costa to margin, walls smooth;
costa, seen on dorsal side (Fig. 36.5), at insertion and in leaf base stout, seen in transverse section (Fig. 36.8), on dorsal side in leaf base uneven, in laminal part exterior
walls bulging ; lamina, seen in surface view, striate due to variable stratosity. Calyptra
cucullate, lobed; operculum conical, beak long, oblique .......................... 36. G. nutans
44a. Basal cells (Fig. 37.18) elongate-rectangular near costa, walls nodulose, cells rectangular
to quadrate near margin, transverse walls thickened, smooth ; costa, seen on dorsal side
(Fig. 37.5), narrowed in leaf base, seen in transverse section (Fig. 37.9), at insertion
the dorsal cell walls bulging, from above leaf base to apex costa smooth; lamina, seen in
surface view, not striate. Calyptra cucullate; operculum conical, mammillate ..................
.......................................................................................................... 37. G. orbicularis
45. Basal paracostal cells (Fig. 21.7) rectangular, walls smooth; toward margin cells becoming quadrate, rarely oblate, transverse walls thickened ; leaves (Fig. 21.5) from scarcely
narrowed leaf base tapering to acute or acuminate apex, conferring to laminal part a
triangular shape ; seen in transverse section (Fig. 21.8), at insertion and in leaf
base broadly concave, in laminal part keeled, margin plane ..................... 21. G. humilis
45a. Basal paracostal cells elongate-rectangular, walls scarcely or strongly nodulose ; lacking
above combination of characters................................................................................. 46
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46. Basal paracostal cells (Fig. 18.7) scarcely nodulose ; cells in the transitional part
(Fig. 18.8) small, rectangular, walls sinuose ; lamina, seen in transverse section
(Fig. 18.9), cells slightly bulging on dorsal and ventral sides ; costa, seen in transverse
section (Fig. 18.9), above broadest part of leaf guide cells narrowly elliptical, obliquely
arranged to leaf axis. Calyptra mitrate, lobed ; operculum conical, beak obtuse, of
different length ................................................................................... 18. G. fuscolutea
46a. Basal paracostal cells strongly nodulose; lacking above combination of characters ...... 47
47. Marginal cells (Fig. 10.7) in leaf base broad, short-rectangular to quadrate, walls
smooth forming a group of 3-4 rows of cells, separated clearly from the paracostal
cells ; costa, seen on dorsal side (Figs. 10.23, 34), from insertion to broadest part of
leaf strikingly small and thin, becoming stout and prominent to apical part, seen in
transverse section (Fig. 10.35), in laminal part the 2 guide cells rounded and arranged
horizontally ; no young shoots observed. Calyptra mitrate, lobed, conical ; operculum
conical, rostrate, beak straight or slightly oblique; propagule development on dorsal side
of lamina in transitional part, destroying cells.................................... 10. G. consobrina
47a. Marginal cells (Fig. 17.28) in leaf base small, short-rectangular to quadrate, walls
smooth ; costa, seen on dorsal side (Fig. 17.30), from insertion to apex percurrent in
S-shape, seen in transverse section (Fig. 17.9), in laminal part the 2 guide cells narrowly
elliptical, to leaf axis obliquely arranged ; from older stem parts grow the characteristic
catenulate young shoots (Fig. 17.18). Calyptra mitrate, lobed; operculum conical, beak
straight, obtuse. Propagule development lacking ...................................... 17. G. funalis
48. Seta inclined, capsule smooth ..................................................................................... 49
48a. Seta in an S-form, approximately of same length as capsule, capsule smooth .............. 52
49. Basal cells uniform from costa to margin .................................................................... 50
49a. Basal cells not uniform from costa to margin.............................................................. 51
50. Basal cells (Fig. 16.10) near costa elongate-rectangular, walls smooth or weakly nodulose, transverse walls thickened, at margin 3-4 rows of narrowly elongate-rectangular,
hyaline, thin-walled cells, gradually vanishing, the outermost row ascending to above
broadest part of leaf, the marginal cells gradually becoming short-rectangular to
quadrate ; margin (Fig. 16.8) on one side recurved from insertion to mid-leaf. Calyptra
mitrate-cucullate; operculum conical, blunt .......................................... 16. G. elongata
50a. Basal cells (Fig. 14.21) elongate-rectangular from costa to margin, transverse and
longitudinal cell walls evenly thin, smooth and hyaline, the rows gradually vanishing,
the outermost row reaching to above broadest part of leaf, thus forming between
hyaline and thicker walled chlorophyllose cells a delimitation, running obliquely
from costa to margin ; margin (Fig. 14.6) plane throughout. Calyptra mitrate, lobed ;
operculum conical, mammillate..................................................... 14. G. donniana
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51. Basal cells (Fig. 30.6) rectangular near costa, walls smooth, towards margin cells isodiametric with rounded lumina or corner-thickenings (Fig. 30.17), some rows of transversely rectangular or oval cells ; leaf, seen in transverse section (Fig. 30.7), concave
throughout, margin plane ; costa, seen on dorsal side (Figs. 30.4, 16), at insertion and
in leaf base broad, above transitional part to apex indistinct, covered by mammillose
lamina cells. Calyptra cucullate; operculum conical, subulate, beak oblique ....................
........................................................................................................... 30. G. mammosa
51a. Basal cells (Fig. 46.9) of lower stem leaves elongate-rectangular from costa to margin
besides 2-3 marginal rows of short-rectangular to quadrate cells, transverse walls thickened, all walls smooth ; basal cells (Fig. 46.8) of upper stem leaves elongate-rectangular
from costa to margin, transverse walls thickened, all walls smooth, leaf, seen in transverse section (Fig. 46.7), at insertion and leaf base concave, in laminal part narrowly
keeled, margin plane or occasionally recurved on one side from above insertion to transitional part ; costa, seen on dorsal side (Fig. 46.5), at insertion and in leaf base small,
enlarged above transitional part, excurrent, distinct throughout. Calyptra cucullate ;
operculum conical, blunt ...................................................................... 46. G. sessitana
52. Leaf broadly concave, seen in transverse section (Fig. 47.29), mostly bistratose in laminal part; costa, seen on dorsal side (Fig. 47.27), broadest at insertion, becoming smaller
to lower laminal part, not clearly distinct in upper part of leaf; seen in transverse section
(Fig. 47.9), at insertion 6-8 basal cells, in leaf base 6 guide cells, in transitional part
reduced to 3-4, from above transitional part to apical part 2 guide cells, hardly distinct
or indistinct from the lamina cells, due to similarity with the contiguous lamina cells.
Calyptra mitrate; operculum conical, rostrate or rostellate, beak straight.........................
........................................................................................................... 47. G. tergestina
52a. Leaf not broadly concave, seen in transverse section, mostly unistratose in laminal part ;
lacking above combination of characters..................................................................... 53
53. Leaf broad, ovate (Fig. 41.5), seen in transverse section (Fig. 41.7), in laminal
part broadly keeled, margin plane ; basal cells (Fig. 41.8) from costa to margin shortrectangular or quadrate, walls smooth ; leaf, seen in transverse section (Fig. 41.9), leaf
base and lamina unistratose, or in apical part lamina (Fig. 41.22) partly bistratose,
rarely the marginal cell rows bistratose. Calyptra mitrate ; operculum conical, mammillate; peristome present ..................................................................... 41. G. plagiopodia
53a. Leaf lanceolate or oblong (Figs. 3.5, 21), seen in transverse section (Fig. 3.7), laminal
part keeled, margin plane; basal cells (Fig. 3.22) near costa elongate-rectangular, toward
margin cells rectangular to quadrate, walls smooth ; leaf, seen in transverse section
(Fig. 3.23), leaf base unistratose, lamina unistratose or irregularly bistratose at places, in
laminal part one or 2 marginal cell rows bistratose. Calyptra mitrate, lobed, fugacious ;
operculum convex, mucronate; peristome lacking..................................... 3. G. anodon
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Key to species of Grimmia, for plants without sporophytes
On account of the scanty information available Grimmia nepalensis is excluded from this
identification key.
Plants examined in a wet state
1. Guide cells at insertion of variable number, 8 or more than 8 guide cells...................... 2
1a. Guide cells at insertion of defined number, 8 or less than 8 guide cells ......................... 8
2

Guide cells at insertion arranged in 2 rows (Figs. 15.10, 24) ; costa dorsally prominent;
costal cells except guide cells nearly uniform, hydroids and stereids lacking ; lamina
bistratose in laminal part, lamina cells mostly mammillose (Fig. 15.21), rarely smooth...
................................................................................................................. 15. G. elatior
2a. Guide cells at insertion arranged in one row ................................................................. 3
3. Leaf, seen in transverse section, concave ....................................................................... 4
3a. Leaf, seen in transverse section, keeled.......................................................................... 7
4.

Lamina cells on dorsal and ventral sides (Fig. 30.7) strongly mammillose, due to
bulging distal cell walls; clearly defined guide cells lacking ................. 30. G. mammosa
4a. Lamina cells on dorsal and ventral sides smooth; clearly defined guide cells present ..... 5
5.

Basal paracostal cells (Fig. 25.10) rectangular, walls smooth or faintly nodulose, towards
margin cells isodiametric, transversely rectangular or oval, transverse walls thicker than
longitudinal walls; costa, seen in transverse section (Fig. 25.11), in laminal part 2 guide
cells, sunken into narrow channel, their adaxial cell walls strongly thickened, at insertion
a small median band of substereids, interrupted by 3 groups or one large central group
of hydroids, vanishing in apical part ..................................................... 25. G. laevigata
5a. Basal paracostal cells elongate-rectangular, walls smooth, toward margin cells scarcely
different from paracostal cells; lacking above combination of characters....................... 6

6.

Costa, seen in transverse section (Fig. 38.11), cells differentiated, with hydroids from
insertion to apical part, hair-points rarely lacking ...................................... 38. G. ovalis
6a. Costa, seen in transverse section (Fig. 51.9), cells uniform, without hydroids from insertion to apical part, hair-points (Fig. 51.5) always lacking ...................... 51. G. unicolor

7.

Leaf, seen in surface view, striate lengthwise ; at insertion and in leaf base margin plane ;
basal cells (Fig. 29.6) near to broadened costa rectangular, toward margin isodiametric
................................................................................................................. 29. G. maido
7a. Leaf, seen in surface view, not striate ; at insertion and in leaf base (Fig. 23.7) margin
recurved on one side ; basal cells (Fig. 23.20) elongate-rectangular, walls more or less
nodulose, at margin some rows of short-rectangular or quadrate cells ... 23. G. khasiana
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8. Costa at insertion with 8 guide cells ............................................................................. 9
8a. Costa at insertion with 6 guide cells or less than 6 guide cells ..................................... 15
9. Leaf concave............................................................................................................... 10
9a. Leaf keeled ..................................................................................................................11
10. Costa, seen in transverse section (Fig. 51.9), in laminal part guide cells clearly distinct
from laminal cells, the adaxial cell walls thickened, hydroids and stereids lacking
throughout ; lamina, seen in transverse section, in upper part tri- to multistratose ; apex
(Fig. 51.5) muticous, broad, rounded, often cucullate .......................... 51. G. unicolor
10a. Costa, seen in transverse section (Fig. 47.9), in laminal part the central guide cells only
slightly distinct or indistinct from the lamina cells, due to similarity with the contiguous
lamina cells, from insertion to apex a central group of hydroids, hydroids occasionally
transformed to substereids ; apex rounded (Fig. 47.22) or acute (Fig. 47.6), hair-point
slightly denticulate .............................................................................. 47. G. tergestina
11. Apex without a hair-point .......................................................................................... 12
11a. Apex with a hair-point................................................................................................ 13
12. Apex acute, obtuse or cucullate ; costa, seen in transverse section (Fig. 6.27), dorsally
rounded throughout ; at insertion bistratose alar cells (Fig. 6.10) on both sides or on
one side only (Fig. 6.13), or alar cells lacking (Fig. 6.12) ........................... 6. G. atrata
12a. Apex acute, dentate, cells mostly chlorophyllose, rarely hyaline; costa, seen in transverse
section (Fig. 45.9), above lower laminal part irregularly angulate, in upper third of leaf
winged; at insertion without bistratose alar cells .................................. 45. G. ramondii
13. Costa, seen in transverse sections (Figs. 12.14-15) on dorsal side slightly angulate or
uneven in upper part of lamina; basal cell walls (Fig. 12.8) nodulose, thickened, toward
margin a sharply contrasting band of several rows of short-retangular and quadrate cells,
walls thickened; margin (Fig. 12.14) on one side from insertion to mid-leaf revolute, on
opposite side recurved .......................................................................... 12. G. decipiens
13a. Costa, seen in transverse section, on dorsal side smooth throughout; lacking above combination of characters ................................................................................................. 14
14. Leaf lanceolate or broad lanceolate from ovate, slightly decurrent leaf base, tapering to
acute apex, not forming strongly expressed shoulder ; basal cells rectangular, walls
slightly nodulose (Fig. 26.44) or smooth (Fig. 26.40) ; lamina, seen in transverse
section (Fig. 26.35), from insertion to apical part unistratose, occasionally bistratose
patches at places; propagule development on dorsal side of leaf base............ 26. G. lisae
14a. Leaf (Fig. 40.5) from broad ovate leaf base narrowed to lanceolate laminal part, thus
forming strongly expressed shoulder ; basal cells (Fig. 40.7) elongate-rectangular, walls
thickened, nodulose ; lamina, seen in transverse section (Fig. 40.10), bistratose from
above leaf base to apical part; propagule development lacking................. 40. G. pilifera
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15. Costa at insertion with 6 guide cells ........................................................................... 16
15a. Costa at insertion with 4 guide cells, or with 4 guide cells, the 2 outer ones contiguous
with the basal cells...................................................................................................... 27
16. Costa on dorsal side rounded above leaf base.............................................................. 17
16a. Costa on dorsal side not rounded above leaf base........................................................ 24
17. Basal paracostal cells with smooth walls...................................................................... 18
17a. Basal paracostal cells with nodulose walls.................................................................... 21
18. Cells in the transitional part (Fig. 1.7) rectangular, small, becoming shorter to margin,
walls sinuose and thickened ; leaf in lower lamina (Fig. 1.8) on one side with a plica,
margin on one side recurved from insertion or leaf base to mid-leaf, on opposite side
revolute from leaf base to mid-leaf ........................................................ 1. G. abyssinica
18a. Cells in the transitional part short-rectangular or quadrate, walls smooth, not thickened;
lacking above combination of characters..................................................................... 19
19. Costa, seen on dorsal side (Fig. 29.3), markedly broadened at insertion, in upper part of
leaf not clearly distinct; lamina, seen in surface view, striate lengthwise .... 29. G. maido
19a. Costa, seen on dorsal side, not markedly broadened, distinct throughout ; lamina, seen
in surface view, not striate........................................................................................... 20
20. Costa, seen in transverse section (Fig. 50.9), of uniform width throughout; at insertion
and in leaf base (Figs. 50.10-11) a dorsally arranged second layer of 1-3 cells is present,
these cells slightly smaller than the guide cells ; lamina unistratose except for some
bistratose patches in the apical part, cells rounded or oval ; propagule development on
dorsal side of leaf base...................................................................... 50. G. trichophylla
20a. Costa, seen in transverse section (Fig. 8.17), in laminal part prominent; at insertion and
in leaf base a second layer of cells slightly smaller than the guide cells lacking; lamina in
upper part of leaf bistratose or with extended bistratose patches, cells small, rectangular;
propagule development lacking.................................................................. 8. G. bicolor
21. Margin plane ; leaf, seen in transverse section (Fig. 38.8), in leaf base broadly concave,
in mid-leaf concave, in apical part tubulose; costa, seen on dorsal side (Fig. 38.7), above
transitional part indistinct.......................................................................... 38. G. ovalis
21a. Margin recurved on one side; leaf, seen in transverse section, keeled throughout; lacking
above combination of characters................................................................................. 22
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22. Costa, seen on dorsal side (Fig. 23.6), above transitional part indistinct ; leaf, seen
in transverse section (Fig. 23.11), in laminal part bistratose with tristratose patches
in places ; leaf lingulate (Fig. 23.5), apex rounded, rarely acute, hair-points bluntly
denticulate ........................................................................................... 23. G. khasiana
22a. Costa, seen on dorsal side, distinct throughout; lacking above combination of characters
................................................................................................................................... 23
23. Leaf, seen in transverse section (Fig. 26.10), unistratose throughout, occasionally
bistratose patches in upper part ; costa never ending in subula ; propagule development
on dorsal side of leaf base............................................................................. 26. G. lisae
23a. Leaf, seen in transverse section (Fig. 40.10), in leaf base unistratose, in lamina bistratose
at places or completely bistratose ; costa often ending as subula ; propagule development
lacking .................................................................................................... 40. G. pilifera
24. Basal paracostal cells (Fig. 20.13) short-rectangular, walls smooth ; costa, seen in transverse sections (Figs. 20.14-18), in upper laminal part irregularly shaped, often angulate
or winged ; stem without central strand (Fig. 20.4), cortical cells large, nearly uniform,
sharply differentiated from brownish epidermis, constituted by at least 2 rows of stereids
with very narrow lumina; occasionally with multicellular clusters (Fig. 20.3) of rounded
gemmae at apex.................................................................................. 20. G. hartmanii
24a. Basal paracostal cells elongate-rectangular, walls nodulose; lacking above combination of
characters ................................................................................................................... 25
25. Costa stout in lower part of leaf (Figs. 12.5-6), seen in transverse sections (Figs. 12.1318), ventrally broadly channelled; in leaf base margin revolute on one side .....................
............................................................................................................ 12. G. decipiens
25a. Costa small in lower part of leaf, seen in transverse section, ventrally narrowly
channelled; in leaf base margin recurved on one side.................................................. 26
26. Costa, seen in transverse sections, in upper laminal part winged (Figs. 33.12-13) or
angulate (Fig. 33.14), seen in surface view distinct throughout ; transverse and longitudinal walls of cells in the leaf base of the same thickness ; propagule development on
both sides of leaf base .................................................................. 33. G. muehlenbeckii
26a. Costa, seen in transverse sections, in lower laminal part unevenly rounded (Figs. 27.1419), somewhat angulate, seen in surface view in apical part of leaf indistinct ; transverse
walls of cells in the leaf base markedly smaller than longitudinal walls ; propagule development lacking ................................................................................. 27. G. longirostris
27. Costa at insertion with 4 guide cells ........................................................................... 28
27a. Costa at insertion with 4 guide cells, the 2 outer ones contiguous with the basal cells ....... 53
28. Basal cells nodulose, marginal cells excluded............................................................... 29
28a. Basal cells smooth, marginal cells included ................................................................. 40
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29. Leaf concave in leaf base............................................................................................. 30
29a. Leaf not concave in leaf base....................................................................................... 32
30. Leaf, seen in transverse section (Fig. 24.12), broadly keeled above broadest part of leaf ;
unistratose at insertion and leaf base, in laminal part bistratose in places, apex bistratose,
margin with several rows of bistratose cells ; costa, seen in transverse section with
hydroids (Fig. 24.11) or without hydroids (Fig. 24.30) ; in transitional part cells
smooth (Fig. 24.9) or sinuose (Fig. 24.10)............................................. 24. G. kidderi
30a. Leaf, seen in transverse section, above broadest part of leaf not broadly keeled ; lacking
above combination of characters................................................................................. 31
31. Costa, seen in transverse section (Fig. 44.10), at insertion the dorsal cell walls slightly
bulging, from insertion to mid-leaf the 2 median placed guide cells of narrow elliptical
shape arranged obliquely to leaf axis; margin from above transitional part to apical part,
in 1-3 rows bi- or tristratose; in transitional part, lamina cells (Figs. 44.9, 21) elongaterectangular, walls sinuose ...................................................................... 44. G. pygmaea
31a. Costa, seen in transverse section (Fig. 37.9), at insertion the dorsal cell walls bulging,
from insertion to apical part the guide cells rounded, arranged horizontally ; margin
unistratose, at most one bistratose cell row on one side in apical part ; in transitional
part (Fig. 37.8), lamina cells short-rectangular or isodiametric, walls smooth or slightly
sinuose .............................................................................................. 37. G. orbicularis
32. Costa, seen in transverse section, with hydroids.......................................................... 33
32a. Costa, seen in transverse section, without hydroids..................................................... 37
33. Costa, seen in transverse sections (Figs. 13.9, 19), at leaf base a row of large hydroids ;
from transitional part to apical part enlarged to a band of hydroids, in upper part
of lamina 2 markedly enlarged guide cells present ; exterior walls of dorsal costal cells
strongly thickened ; propagule development on dorsal side of lower part of lamina,
destroying cells but not costa............................................................ 13. G. dissimulata
33a. Costa, seen in transverse section, hydroids arranged at leaf base in a central group ;
lacking above combination of characters..................................................................... 34
34. At margin (Figs. 16.10, 29, 32) 3-4 rows of narrowly elongate-rectangular, hyaline,
thin-walled cells, gradually vanishing, the outermost row ascending to above broadest
part of leaf, the marginal cells gradually becoming short-rectangular to quadrate; margin
(Fig. 16.8) on one side recurved from insertion to mid-leaf; lamina unistratose, rarely a
bistratose patch ..................................................................................... 16. G. elongata
34a. At margin the cell rows arranged differently; lacking above combination of characters ....
................................................................................................................................... 35
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35. Margin at leaf base revolute or recurved on both sides (Fig. 28.9); leaf (Fig. 28.4) lanceolate to broad lanceolate, tapering to acute, apiculate apex, or to short, hyaline, greenish or
brownish tinged hair-points, or to bluntly denticulate hair-points (Fig. 28.5), or to elongate
hair-points appearing twisted by somewhat obliquely arranged cells, decurrent at apical part
as border of 2 rows of elongate cells, their thick-walled ends bluntly protruding distally........
................................................................................................................. 28. G. macrotheca
35a. Margin at leaf base recurved on one side; lacking above combination of characters .... 36
36. Costa, seen in transverse section (Fig. 31.9), in lower laminal part rounded, from
leaf base to apical part the 2 median guide cells of narrow elliptical shape, from above
leaf base to apical part arranged obliquely to leaf axis ; stem leaves arranged in tiers ;
propagule development on dorsal side of leaf base .......................... 31. G. meridionalis
36a. Costa, seen in transverse section (Fig. 27.48), in lower laminal part unevenly rounded
or slightly angulate, the median guide cells rounded and arranged horizontally to leaf
axis; stem leaves loosely arranged on stem; propagule development lacking.....................
......................................................................................................... 27. G. longirostris
37. Costa, seen in transverse section, smooth dorsally........................................................38
37a. Costa, seen in transverse section, not smooth dorsally .................................................39
38. Costa, seen in transverse section (Fig. 7.11), cells homogeneous ; near costa (Fig. 7.7) a
plica present that ends in lower laminal part ; hair-point of different length ; no young
shoots present; propagule development on basal dorsal side of costa .... 7. G. austrofunalis
38a. Costa, seen in transverse sections (Figs. 19.12, 15), cells differentiated, with stereids ;
lamina without plica; apex muticous, acute; characteristic young shoots of bristly aspect
present (Fig. 19.1) ; propagule development lacking.............................. 19. G. handelii
39. Cells in the leaf base with transverse and longitudinal walls of the same thickness ; costa,
seen in transverse sections, in upper laminal part winged (Figs. 33.12-13) or angulate
(Fig. 33.14); propagule development on both sides of leaf base ...... 33. G. muehlenbeckii
39a. Cells in the leaf base with transverse walls markedly smaller than longitudinal walls ;
costa, seen in transverse sections (Figs. 27.14-19), in lower laminal part unevenly
rounded, somewhat angulate, in mid-leaf prominent; propagule development lacking ....
......................................................................................................... 27. G. longirostris
40. Lamina cells smooth................................................................................................... 41
40a. Lamina cells not smooth............................................................................................. 48
41. Cells in the leaf base elongate-rectangular................................................................... 42
41a. Cells in the leaf base short-rectangular........................................................................ 45
42. Costa, seen in transverse section, with hydroids.......................................................... 43
42a. Costa, seen in transverse section, without hydroids..................................................... 44
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43. Basal cells (Fig. 14.21) elongate-rectangular, from costa to margin hyaline, transverse
and longitudinal cell walls evenly thin, these rows gradually vanishing, the outermost
row reaching to above broadest part of leaf, thus forming a delimitation between hyaline
and thicker walled chlorophyllose cells, running obliquely from costa to margin; margin
(Fig. 14.6) plane throughout .............................................................. 14. G. donniana
43a. Basal cells (Fig. 46.8) of upper stem leaves elongate-rectangular from costa to margin,
transverse walls thickened, basal cells (Fig. 46.9) of lower stem leaves elongate-rectangular from costa to margin except 2-3 marginal rows of short-rectangular to quadrate
cells, transverse walls thickened ; margin plane (Fig. 46.33) or occasionally recurved
(Fig. 46.26) on one side from above insertion to transitional part..... 46. G. sessitana
44. Basal cells (Fig. 50.7) elongate-rectangular, walls smooth, near margin 2-3 rows of
shorter elongate-rectangular hyaline cells ; costa, seen in transverse section (Fig. 50.27),
at insertion and in leaf base rounded, (Figs. 50.10-11) a dorsally arranged second layer
of 1-3 cells slightly smaller than the guide cells present ; propagule development on
dorsal side of leaf base...................................................................... 50. G. trichophylla
44a. Basal cells (Figs. 49.7-8) elongate-rectangular, walls smooth, from costa to margin
hyaline, transverse and longitudinal cell walls evenly thin, the rows gradually vanishing,
the outermost row reaching to above broadest part of leaf, thus forming a delimitation
between hyaline and thicker walled chlorophyllose cells, running obliquely from costa to
margin; costa, seen in transverse sections (Figs. 49.10-11) prominent, without a second
layer of slightly smaller cells than the guide cells; propagule development lacking ...........
.............................................................................................................. 49. G. tortuosa
45. Leaf (Fig. 32.18) keeled from mid-leaf to apical part ; from ovate base abruptly lanceolate, thus forming shoulder (Fig. 32.7) ; margin (Figs. 32.15, 18) from leaf base to apex
gradually strongly incurved ; costa, seen in transverse section (Fig. 32.15), prominent
above leaf base ...................................................................................... 32. G. montana
45a. Leaf keeled from leaf base to apical part; lacking above combination of characters ..... 46
46. Leaf with a short, brownish, irregularly serrate and bluntly denticulate leaf apex
(Fig. 42.3) ; seen in transverse section (Fig. 42.6), leaf broadly keeled from insertion
to apex........................................................................................................ 42. G. pulla
46a. Leaf without a short, brownish irregularly serrate and knotted leaf apex but with a
hyaline hair-point; seen in transverse section, leaf keeled............................................ 47
47. Costa, seen in transverse section (Fig. 43.9), rounded throughout ; lamina, seen in
transverse section, unistratose from insertion to apex, cells rounded ; some marginal cell
rows in laminal part bi- or tristratose, in apical part occasionally bi- or tristratose on one
side only.............................................................................................. 43. G. pulvinata
47a. Costa, seen in transverse section (Fig. 8.17), in laminal part prominent; lamina, seen in
transverse section, in upper part of leaf bistratose or with extended unistratose patches,
cells small rectangular; marginal cells same as lamina cells ......................... 8. G. bicolor
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48. Costa, seen in transverse section (Fig. 4.9), without hydroids ; lamina, seen in surface
view, striate ; lamina cells, seen in transverse section (Fig. 4.18), papillose and with
joint thickenings ; plants occasionally with multicellular clusters (Fig. 4.1) of rounded
gemmae at apex ...................................................................................... 4. G. anomala
48a. Costa, seen in transverse section, with hydroids; lacking above combination of characters
........................................................................................................................................ 49
49. Costa, seen in transverse section, recessed in furrow ................................................... 50
49a. Costa, seen in transverse section, not recessed in furrow ............................................. 51
50. Leaf margin inflexed (Fig. 9.26), lamina plicate, exterior cell walls dorsally and ventrally
mammillose; costa, seen on dorsal side (Fig. 9.7), enlarged below apical part; hair-point
(Fig. 9.8) short, nearly smooth, cell lumina discernible; secondary costae (Fig. 9.10) in
lower half of leaf present in some leaves................................................ 9. G. caespiticia
50a. Leaf margin in upper part of leaf slightly incurved (Figs. 35.9-10), lamina not plicate,
exterior cell walls dorsally and ventrally bulging or mammillose ; costa, seen on dorsal
side (Figs. 35.19, 24, 26), stout in leaf base, becoming strikingly enlarged in upper laminal part; hair-point short, denticulate, cell lumina not discernible; secondary costae not
observed................................................................................................... 35. G. nivalis
51. Leaf broadly keeled in laminal part ; seen in transverse section (Fig. 39.8), lamina cells
mammillose, lamina irregularly bistratose by doubled longitudinal cell rows, appearing
in surface view (Fig. 39.9) as irregular ridges on the lamina............. 39. G. percarinata
51a. Leaf keeled in upper half of lamina; lacking above combination of characters ............ 52
52. Costa, seen on dorsal side (Fig. 36.5), at insertion and in leaf base stout, becoming
smaller in laminal part, seen in transverse section (Fig. 36.8), in laminal part exterior
costal cell walls bulging ; lamina, seen in transverse section, exterior cell walls slightly
bulging, seen in surface view, lamina striate, due to variable stratosity ; hair-points of
different lengths, weakly denticulate ........................................................ 36. G. nutans
52a. Costa, seen on dorsal side (Fig. 5.4), of nearly uniform width throughout, seen in transverse section (Fig. 5.14), exterior costal cell walls bulging throughout ; lamina, seen in
transverse section, exterior cell walls bulging, seen in surface view, lamina not striate ;
hair-points (Fig. 5.7) of different lengths, sharply denticulate ........... 5. G. asperitricha
53. Basal cells smooth, short-rectangular to quadrate........................................................ 54
53a. Basal cells nodulose, elongate-rectangular ................................................................... 58
54. Margin erect ; costa, seen in transverse section (Fig. 2.11), in laminal part on dorsal
side prominent, somewhat angulate, on ventral side recessed in furrow, exterior walls of
lamina cells slightly bulging ; lamina, in surface view, appearing striate, due to variable
stratosity .................................................................................................. 2. G. alpestris
54a. Margin not erect; lacking above combination of characters ........................................ 55
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55. Costa, seen in transverse section, in laminal part broadly keeled ................................. 56
55a. Costa, seen in transverse section, in laminal part keeled.............................................. 57
56. Leaf (Fig. 21.5) from scarcely narrowed leaf base tapering to acute or acuminate apex,
conferring a triangular shape to the laminal part ; seen in transverse section (Fig. 21.8),
lamina uni- to bistratose ......................................................................... 21. G. humilis
56a. Leaf obovate from broad leaf base, broadest at mid-leaf (Fig. 41.6) ; seen in transverse
sections (Figs. 41.9, 23), lamina unistratose, rarely bistratose in apical part ....................
........................................................................................................ 41. G. plagiopodia
57. Leaf markedly narrowed at insertion (Fig. 11.6), widest above mid-leaf, apical part
variably hyaline, apex rounded, margin plane or rarely slightly recurved in upper part
of lamina ; seen in transverse section (Fig. 11.13), lamina and margin unistratose
throughout ; costa (Fig. 11.25), passing through hyaline apical part excurrent into
faintly denticulate hair-point.................................................................... 11. G. crinita
57a. Leaf lanceolate or oblong (Figs. 3.5, 21), apical part not hyaline, apex obtuse, margin
plane ; seen in transverse sections (Figs. 3.24-25), lamina unistratose or irregularly
bistratose in places, in laminal part 1-2 marginal cell rows bistratose ; costa excurrent
into weakly denticulate hair-point............................................................. 3. G. anodon
58. Costa, seen in transverse section, guide cells narrowly elliptical obliquely arranged to leaf
axis ............................................................................................................................. 59
58a. Costa, seen in transverse section, guide cells rounded, horizontally arranged to
leaf axis ...................................................................................................................... 60
59. Costa, seen on dorsal side (Fig. 17.30), percurrent in an S-shape ; cells in the transitional part (Fig. 17.8) near costa short-rectangular, walls sinuose, towards margins isodiametric, walls smooth ; lamina cells, seen in transverse section (Fig. 17.29) smooth ;
young shoots have characteristic catenulate aspect (Fig. 17.18) ............... 17. G. funalis
59a. Costa, seen on dorsal side, not percurrent in an S-shape ; cells in the transitional part
(Fig. 18.8), from costa to margin small, rectangular, walls sinuose ; lamina cells, seen in
transverse section (Fig. 18.9), slightly bulging on dorsal and ventral side ; young shoots
not as above ........................................................................................ 18. G. fuscolutea
60. Lamina cells, seen in transverse section (Fig. 48.7) bulging ; the dorsal costal cell walls
(Fig. 48.13) mammillose, often hyaline; on dorsal side of costa multicellular propagules
on short stalks may be found; young shoots with leaflets spreading ...... 48. G. torquata
60a. Lamina cells, seen in transverse section, smooth ; lacking above combination of
characters ............................................................................................................ 61
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61. Costa, seen on dorsal side (Figs. 10.23, 34), from insertion to broadest part of leaf strikingly small and thin, becoming stout and prominent towards the apical part ; seen in
transverse sections (Figs. 10.9, 27), in the upper laminal part, where the costa becomes
stout, appears a group of hydroids ; leaf auriculate, decurrent ; propagule development
on dorsal side of lamina in transitional part, destroying cells ............. 10. G. consobrina
61a. Costa, seen on dorsal side (Figs. 22.5, 7) of uniform width, slightly weaker at insertion;
seen in transverse section (Fig. 22.13), in laminal part the exterior cell walls markedly
thicker than the interior cell walls, lamina ending as subula (Fig. 22.30), cells homogeneous; leaf caducous; propagule development lacking ........................... 22. G. incurva
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Introduction to the taxonomic descriptions
The descriptions of the plants are based on moistened material and those of growth
forms on dry specimens. Leaves are measured without hair-points. Leaf cell measurements are
not mentioned, given the variability of cell dimensions in this genus. Setae are measured without the vaginula. The description of perichaetial and perigonial leaves refers to the innermost
ones. Calyptra and vaginula descriptions are included under the sporophyte. Exothecium cells
are drawn from the middle of the capsule. The descriptions conform to the following scheme:
Grimmia species, reference
Type specimen label
synonyms, references
Type specimen label
Gametophyte. Sexual condition. Female : perichaetia, inner-most perichaetial
leaf, length, shape ; male : perigonia, inner-most perigonial leaf, length, shape, paraphyses.
Growth form : plant, stem. Leaves : length, disposition on stem in dry and wet state, shape ;
leaf form in situ; cell pattern in leaf base, in transitional part, in laminal part; cell layers in leaf
base and lamina (stratosity). Costa : dorsal view (shape) and costal architecture seen in transverse section.
Sporophyte. Seta (in wet state) : form, length, epidermal cells, vaginula ; (descriptions
of ochrea often incomplete or lacking owing to want of material). Capsule : form, exothecial
cells, stomata, annulus. Calyptra : form. Operculum : form, marginal cells. Peristome : insertion of peristome teeth, dorsal view, papillosity, longitudinal section of peristome tooth.
Spores.
Diagnostic characters.–
Comparison of the specimens examined with the type specimen.
Argumentation for synonymy.–
Notes.–
Comments.–
Distribution.– Resume of information taken from specimen labels.
Habitat and substrate.– Resume of information taken from specimen labels.
Specimens examined (x), selected for description.
Figures. The 52 figures are composed of 140 plates, with the scales given for each plate.
The descriptions of the gametophyte are based on sterile plants. Therefore, attention
should be paid to the differences in the cell pattern of the leaf base according to the developmental stage and to the sexual condition of the plants. In general, strongly elongate basal cells
may occur in leaves located below the developing perichaetia or perigonia.
Species, especially those linked to G. trichophylla, may have an enlarged costa at the leaf
insertion because of the addition of a bistratose subcostal cell row, either on both sides of the
costa or on one side only.
Species recognised in the context of this work are presented alphabetically, for ease of
consultation.

The species of the genus
Grimmia Hedw.
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1. Grimmia abyssinica (Müll. Hal.) Mitt. in J. Proc. Linn. Soc., Bot. 7 : 152. 1864
(Figs. 1.1-16, 20).
 Guembelia abyssinica Müll. Hal., Syn. Musc. Frond. 1: 772. 1849.
Type : ETHIOPIA [ABYSSINIA]: In siccis ad rupes inde a limitibus abornm [sic] et
fructicum usque ad cacumen montis Silke, U.i. 1842, 18.II.1840, G. W. Schimper s.n.
(Lecto-: MO ; isolecto-: BM, FH, G, GOET, H-BR, JE, M, NY, PC) (lectotypified
and synonymized with G. fuscolutea Hook. by MUÑOZ & PANDO, 2000: 32)
(Figs. 1.17-19, from G. W. Schimper s.n., G, reproduced from PRICE & al., 2003: 293).
 Symblepharis rhacomitrioides Dixon in Ann. Bryol. 6: 21. 1933.
Type : CAMEROON : Mt. Cameroon, 10-14.000 ft., I.1932, Steele s.n. (Lecto-: BM)
(lectotypified and synonymized by PRICE & al., 2003: 289) (Figs. 3.4-6).
Gametophyte. Monoicous. Female : innermost perichaetial leaf (Fig. 1.1) 3-4 mm
long, scarcely or only slightly sheathing to two-thirds of leaf length, above elongate-ovate leaf
base restricted to short lanceolate apical part, hyaline to the broadest part of leaf, costa of
nearly the same width throughout, excurrent into nearly smooth hair-point ; male : perigonia
below perichaetium in leaf axils or at branch tips in the same plant, in multifoliose buds on
short stalks, several on stem, innermost perigonial leaves (Fig. 1.2) 0.7-1.0 mm long, slightly
sheathing to apical part, broad-ovate, tapering to acute muticous apex, hyaline except at
apex, costa vanishing below apex, antheridia with few paraphyses. Growth form : compact
cushions, adherent to substrate with rhizoids, young shoots originating from older stem parts,
leaflets sheathing, their apical part spreading, stems to 90 mm long, plants erect, with
branches running parallel to the stem and reaching nearly the same height, stem with narrow
central strand (Fig. 1.3). Leaves (Fig. 1.4) 2-4 mm long, loosely arranged around stem, in
lower part of stem erect, in comal tuft contorted and irregularly wavy when dry, when moistened older leaves spreading quickly, younger leaves spreading slowly, when wet erectopatent
to patulose, from a decurrent, elongate-ovate base tapering from broadest part of leaf to an
acuminate apex, mostly muticous, or with nearly smooth hair-points of different lengths; leaf
form in situ (Fig. 1.5) concave near insertion with plica on one side of lower lamina, lower
laminal part keeled, upper part narrowly so, margin on one side of leaf recurved from insertion
or leaf base to mid-leaf, on opposite side revolute from leaf base to mid-leaf, from mid-leaf to
apex plane; cells in leaf base (Fig. 1.6) mostly narrowly elongate-rectangular but in marginal rows
broader and shorter, walls thin to thickened, smooth to slightly nodulose, cells in transitional part
(Fig. 1.7) rectangular, becoming shorter towards the margins, walls thickened and sinuose, in
upper lamina mostly isodiametric with quadrate to rounded lumina; seen in transverse section
(Fig. 1.8), lamina unistratose, occasionally with bistratose margins. Costa, seen on dorsal side
(Fig. 1.4), stout of nearly uniform width but slightly narrowing in leaf base, percurrent, seen in
transverse section (Fig. 1.8), on dorsal side at insertion and in leaf base broadly rounded, less

Figure 1.– Grimmia abyssinica (Müll. Hal.) Mitt.: 1, perichaetial leaf; 2, perigonial leaf; 3, transverse section of stem;
4, leaf; 5, outlines of transverse leaf sections; 6, cells in leaf base; 7, cells in transitional part; 8, transverse section of leaf;
9, exothecial cells; 11, calyptra; 12, operculum; 13, cells of operculum at base; 14, peristome teeth, outer side.
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broadly rounded towards apical part, ventral side channelled, broad in leaf base, narrowing in
apical part, at insertion and in leaf base 6 guide cells, reduced to 4 guide cells in mid-leaf, and
to 2 in apical region, cells of dorsal surface weakly differentiated, from insertion to apical region
a large band of substereids between guide cells and dorsal cells, in apical region cells uniform,
hydroids lacking throughout.
Sporophyte. Seta to 3 mm long, straight when dry, arcuate or curved when wet, epidermal
cells (Fig. 1.20) turning to the right, vaginula 0.8-1.0 mm long, cylindrical, with ochrea.
Capsule emergent, pendulous or horizontal, ovate to globose, with short neck, after dehiscence
slightly constricted at orifice, ribbed, exothecial cells (Fig. 1.9) elliptical, short to elongate, walls
incrassate, seen in transverse section of capsule, exterior walls smooth, stomata (Fig. 1.10)
numerous at neck, annulus of 3-4 rows of cells, revoluble, detaching as ring-like fragments.
Calyptra (Fig. 1.11) mitrate. Operculum (Fig. 1.12) conical, beak obtuse, base serrulate
(Fig. 1.13), formed by 3 rows of rounded, thin-walled cells, in conical part cells irregularly
shaped, extremely thick–walled. Peristome (Figs. 1.14-15) teeth lanceolate from broad base,
simple, or in upper part split into 2 unequal divisions, separated down to insertion, trabeculae
thin near insertion, in lower third small, in upper part thin, on dorsal side the 2-3 lowermost
plates smooth, the subsequent 2 or 3 plates covered with fine papillae, apical part coarsely
papillose, ventral side in lower part densely covered with rounded papillae, upper part coarsely
papillose, seen in longitudinal section (Fig. 1.16), teeth inserted below orifice, between
exothecium and teeth 1 or 2 layers of cells present, dorsal plates thicker than ventral plates,
trabeculae distant, protruding in lower half, indistinct in upper half. Spores 12-16 μm,
smooth to finely granulose.
Diagnostic characters.– Gametophyte. Leaves with cells in leaf base (Fig. 1.6) mostly
narrowly elongate-rectangular, margin on one side of leaf recurved from insertion or leaf base
to mid-leaf, on opposite side revolute from leaf base to mid-leaf. Costa lacking hydroids
throughout. Sporophyte. Peristome teeth on ventral side and upper dorsal side covered
with coarse papillae, lowest outer plates smooth, the subsequent 2 or 3 plates covered with
fine papillae.
Comparison of the specimens examined with the type specimen of G. abyssinica shows
correspondence in leaf shape (Fig. 1.17), cells in leaf base (Fig. 1.18), and costal architecture
(Fig. 1.19).
Argumentation for synonymy.– The type specimen of Symblepharis rhacomitrioides shows
correspondence in leaf shape, cells in leaf base, and costal architecture (PRICE & al., 2003 :
293, Figs. 3.4-6) with the type specimen of G. abyssinica.

Figure 1. cont.– Grimmia abyssinica (Müll. Hal.) Mitt.: 10, stoma; 15, peristome teeth, outer side; 16, peristome tooth,
longitudinal section; 17, leaf; 18, cells in leaf base; 19, transverse section of leaf; 20, epidermal cells of seta.
[1-2, 9-14, 16, 20, Mann s.n. (BM) ; 3-8, Hedberg 2337 (BM) ; 15, Mägdefrau 223 (M). Analysis of the type specimen :
Grimmia abyssinica (Müll. Hal.) Mitt.: 17-19, G. W. Schimper s.n. (BM)]
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Comments.– Grimmia abyssinica was collected by Georg [Heinrich] Wilhelm Schimper
(STAFLEU & COWAN, 1985) in “Abyssinia” in 1837. Schimper’s collections from different
Arabian countries were distributed by botanists from “Esslinger” or “Württembergischer
Reiseverein,” also called “Unio itineraria,” “Unio itin.” or “U.i.” (SAYRE, 1969 : 50). The
specimen De Sloover 13173, housed in GOET, as G. afro-incurva, turned out to be G. abyssinica.
Distribution.– Africa: Cameroon, Ethiopia, Kenya, Tanzania, Uganda, Zaire.
Habitat and substrate.– On boulders and dry rocks in shrubland ; on lava rock, sandy
ground, soil, from 3500 to 4500 m.
Specimens examined (30), selected for description: CAMEROON. Cameroon Mountain,
elevation 12.000 feet, amongst Bryum pallescens Schwägr., 1862, Mann s.n. (BM). TANZANIA.
Arusha: Meru, Gipfelfelsen, 4560 m, 25.II.1973, Mägdefrau 223 (M); Tanganyika Territory:
Mt. Meru, western slopes above Olkakola estate, alpine region, on stones in the steep, rocky
slope, 4350 m, 28.X.1948, Hedberg 2337 (BM).

2. Grimmia alpestris (F. Weber & D. Mohr) Schleich., Cat. Pl. Helv. ed. 2 : 29. 1808
(Figs. 2.1-22).
 Trichostomum pulvinatum var. alpestre F. Weber & D. Mohr, Bot. Taschenbuch :
110. 1807.
Type: [SWITZERLAND]: in M. Sylvio ad rupes, s.d., s.coll., s.n. (Lecto-: BM; isolecto-:
JE) (lectotypified by MUÑOZ, 1997: 517) (Figs. 2.23-25, from s.coll. s.n., BM).
 Guembelia lamellosa Müll. Hal. in Bot. Zeitung (Berlin) 12 : 318. 1854.  Grimmia
lamellosa (Müll. Hal.) A. Jaeger in Ber. Thätigk. St. Gallischen Naturwiss. Ges.
1872/73: 72. 1874.
Type : [FRANCE]: in Pyrenaeis centralibus, in rupibus ad lacum Espingo, VIII.
[18]52, Lange, s.n. (Lecto-: PC, not seen ; isolecto-: H-SOL, JE) (lectotypified by
D EGUCHI , 1979 : 207) (synonymized with G. reflexidens Müll. Hal. by MUÑOZ,
1998b: 394) syn. nov. (Figs. 2.26-28, from Lange s.n., H-SOL).
 Grimmia tenerrima Renauld & Cardot in Bot. Gaz. 15: 40. 1890.
Type : [U.S.A.]: Am. bor. Oregon, Mt. Hood, moist bluff about snow-line, s.d.,
Henderson 74 (Lecto-: PC, not seen ; isolecto-: FH) (lectotypified and synonymized
with G. reflexidens Müll. Hal. by MUÑOZ, 1998b: 395) syn. nov. (Figs. 2.29-31, from
Henderson 74, FH).
Figure 2.– Grimmia alpestris (F. Weber & D. Mohr) Schleich.: 1, perichaetial leaf ; 2, perigonial leaves ; 3, plant with
sporophyte; 4, transverse section of stem; 5, leaf; 6, outlines of transverse leaf sections; 7, cells in leaf base; 8, cells in transitional
part ; 9, cells in apical part ; 14, dorsal costal cells in apical part in surface view ; 15, epidermal cells of seta ; 16, exothecial cells ;
17, calyptra; 18, operculum; 19, cells of operculum at base; 20, peristome tooth, outer side; 21, peristome insertion, inner side;
22, peristome tooth, longitudinal section.
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 Grimmia microtricha Müll. Hal. & Kindb. in Macoun, Cat. Canad. Pl., Musci : 70.
1892.
Type : [CANADA]: N. Amer. Brit. Columbia, Revelstoke, 7.V.1890, Macoun s.n.
(Lecto-: S) (lectotypified and synonymized with G. ungeri Jur. by MUÑOZ, 1998b :
398) syn. nov. (Figs. 2.32-33, from Macoun s.n., S).
 Grimmia subpapillinervis Kindb. in Rev. Bryol. 36: 98. 1909.
Type : [CANADA]: on rocks, Ambean Valley B.C., 10.VII.1908, Brinkman s.n.
(Lecto-: CANM) (lectotypified and synonymized with G. reflexidens Müll. Hal. by
MUÑOZ, 1998b : 395) syn. nov. (Figs. 2.34-35, from Brinkman s.n., CANM198100).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 2.1) 2.6-2.8 mm
long, slightly sheathing to upper third, broadly lanceolate from broad base, in leaf base cell
walls thin, in upper part cell pattern scarcely different from that of stem leaf, costa stout,
excurrent into slightly denticulate hair-point ; male : plants in separate cushions, perigonia
appearing as markedly swollen, multifoliose buds terminal and in leaf axils, several on the
same plant, innermost perigonial leaf (Fig. 2.2) to 0.8 mm long, sheathing to upper third,
tubulose, cordiform, hyaline cells of varying extent, costa stout, percurrent to muticous, blunt
or mucronate apex, antheridia with few paraphyses. Growth form : cushions dense, compact,
adherent to substrate with rhizoids, young shoots originating from rhizoids, leaflets sheathing
at base, apex acute, pointing to the stem of the shoot, stems to 2 mm long, plants radiculose
at base, erect, branched (Fig. 2.3), central strand (Fig. 2.4) weakly developed. Leaves
(Fig. 2.5) to 2 mm long, small in lower part of stem, becoming gradually longer, appressed to
stem when dry, older leaves bending slightly backwards, young leaves scarcely moving when
moistened, erectopatent when wet, broad-lanceolate from scarcely narrowed leaf base, striate
in upper laminal part, hair-point short or elongate, nearly smooth; leaf form in situ (Fig. 2.6)
at insertion and in leaf base concave, in laminal part keeled, from above leaf base to apical
part lamina nearly horizontally spreading, margins plane, erect in upper part of leaf ; in leaf
base (Fig. 2.7) some rows of rectangular paracostal cells, towards margin cells short-rectangular to quadrate, at margin some rows of cells with thickened transverse walls, 1 or 2 rows of
hyaline cells, all cell walls smooth, cells in transitional part (Fig. 2.8) near costa rectangular,
near margin cells isodiametric, in laminal part cells mostly isodiametric, if thin-walled then
slightly sinuose, if thick-walled then smooth, at apex cells rounded (Fig. 2.9), seen in transverse
sections (Figs. 2.10-13), cells isodiametric, exterior walls slightly bulging ; seen in transverse
sections (Figs. 2.10-13), leaf base unistratose, lower laminal part unistratose or bistratose in
places, seen as striae in surface view, in upper part bistratose, occasionally tristratose, margin at
insertion and in leaf base unistratose, in laminal part bistratose, rarely tristratose in places.
Costa, seen on dorsal side (Fig. 2.5), weak at insertion and in leaf base, gradually enlarged
in apical part, excurrent, in upper laminal part strongly enlarged, outer cell walls bulging
(Fig. 2.14), seen in transverse sections (Figs. 2.10-13), on dorsal side at insertion and in leaf

Figure 2. cont.– Grimmia alpestris (F. Weber & D. Mohr) Schleich.: 10-13, transverse sections of leaf ; 32, leaf ;
33, transverse section of leaf; 34, leaf; 35, transverse section of leaf.
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base costa rounded, in laminal part prominent, somewhat angulate, on ventral side at insertion
and in leaf base channelled, in laminal part recessed in furrow, at insertion and in leaf base
4 ventral cells, 2 of them guide cells, the 2 outer cells contiguous with the basal cells, at insertion
the outer ones markedly larger, above broadest part of leaf 2 guide cells, from insertion to apical
part a median group of hydroids.
Sporophyte. Seta (Fig. 2.3) to 5 mm long, straight, epidermal cells (Fig. 2.15)
turning to the right, vaginula 0.8-1.0 mm long, cylindrical, with ochrea. Capsule erect,
exserted, elongate-ovate, smooth, exothecial cells irregular (Fig. 2.16), rounded, pentagonal
and hexagonal, walls slightly thickened, seen in transverse section of capsule, exterior walls
smooth, stomata lacking or in very rare cases few at base of capsule and then mostly imperfect, neck lacking, at orifice 4-5 rows of transversely rectangular persistent cells,
suggesting an annulus. Calyptra cucullate (Fig. 2.17), reaching to middle of capsule,
fugacious at maturation. Operculum conical (Fig. 2.18), blunt, base smooth (Fig. 2.19),
formed by 2 rows of small, rounded cells, in conical part cells of irregular shape, oval or
transversely rectangular, walls thickened. Peristome (Fig. 2.20) teeth erect to spreading
when dry, broad at base, lanceolate, entire or in upper half split into 2 or 3 fine divisions,
separated down to insertion (Fig. 2.21), trabeculae broad in lower part, small in middle
part, thin in upper part, dorsal side covered with low, rounded papillae, the lowermost dorsal plates are smooth, the subsequent 3-4 plates are granulose, ventral side covered with
rounded papillae, in rare cases the ventral basal plates are faintly striate, seen in longitudinal
section (Fig. 2.22), teeth deeply inserted below orifice, 2 layers of cells between exothecium
and teeth present, dorsal plates thicker than ventral plates, trabeculae close together, protruding, mostly a short prostome present. Spores 10-14 μm, granulose.
Diagnostic characters.– Gametophyte. Leaves seen in transverse section, lamina from
above leaf base to apical part spreading on both sides from costa, margins erect, laminal cells
(Figs. 2.10-13) isodiametric, exterior cell walls bulging slightly (Figs. 2.10-13), in surface
view margins appear smooth (Fig. 2.9), upper part of lamina striate. Costa in laminal part
recessed in furrow, with hydroids. Sporophyte. Capsule cells at orifice persistent. Peristome
inserted deeply below orifice.
Comparison of the specimens examined with the type specimen of G. alpestris shows
correspondence in leaf shape (Fig. 2.23), cells in leaf base (Fig. 2.24), and costal architecture
(Fig. 2.25).

Figure 2. cont.– Grimmia alpestris (F. Weber & D. Mohr) Schleich.: 23, leaf; 24, cells in leaf base; 25, transverse section
of leaf; 26, leaf; 27, cells in leaf base; 28, transverse section of leaf; 29, leaf; 30, cells in leaf base; 31, transverse section of leaf.
[1, 7-9, 14-17, 20-22, Blockeel & Sabovljevic ́32/420 (Blockeel) ; 2, Lübenau s.n. (G, Lübenau) ; 3, Maier 3825 (G) ;
4-6, 11, 18-19, Erzberger s.n. (Erzberger, G); 10, Duncan 55/15 (E); 12, Hermann 28821 (G); 13, Mann s.n. (NY). Analysis of
the type specimens: Grimmia alpestris (F. Weber & D. Mohr) Schleich.: 23-25, s.coll. s.n. (BM); Grimmia lamellosa (Müll. Hal.)
A. Jaeger: 26-28, Lange s.n. (H-SOL); Grimmia tenerrima Renauld & Cardot: 29-31, Henderson 74 (FH); Grimmia microtricha
Müll. Hal. & Kindb.: 32-33, Macoun s.n. (S); Grimmia subpapillinervis Kindb.: 34-35, Brinkmann s.n. (CANM)]
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Argumentation for synonymy.– The type specimens of G. lamellosa and G. tenerrima show
correspondence in leaf shape (Figs. 2.26, 2.29), cells in leaf base (Figs. 2.27, 2.30), and
costal architecture (Figs. 2.28, 2.31) with the type specimen of G. alpestris.
The type specimens of G. microtricha and G. papillinervis show correspondence in leaf
shape (Figs. 2.32, 2.34), and costal architecture (Figs. 2.33, 2.35) with the type specimen of
G. alpestris.
Comments.– The male plants are much smaller than the female plants, the perigonia,
seen in the cushion in surface view, appear as markedly swollen, multifoliose buds, their
comal leaves bend together thus covering the androecium.
A specimen labelled “G. manniae Müll. Hal.” (leg. Mann s.n., 3.V.1886), held in NY
cannot be used as a type since the specimen turned out to be a mixture of G. alpestris and
G. tergestina. In addition, the collection date given in the protologue is 2.V.1886; the description of G. manniae may be interpreted as G. alpestris, G. caespiticia or G. ungeri (the two latter
ones were proposed by MUÑOZ (1998b: 387) and have been annotated on the specimen label as
such) and by no means G. tergestina. The specimen of G. manniae (in part) is very interesting
because of its distribution in the U.S.A. (California). This specimen is treated here as G. alpestris
(Fig. 2.13).
Distribution.– Asia : India, Kashmir, Pakistan. Europe : Albania, Austria, Bulgaria,
Greece, Italy, Serbia, Spain, Switzerland, U.K. (Scotland). North America : Canada (British
Columbia), U.S.A. (California, Oregon).
Habitat and substrate.– On dry rocks, vertical face of boulders, blocks in alpine meadows,
near rivulets, near glaciers; siliceous rocks, andesite, basalt, sandstone, from 700 to 5300 m.
Specimens examined (40), selected for description: BULGARIA: An der Grenze zu Serbien,
westl. Stara Planina, Berg Midzor, 40°23’42.8 N 22°40’39.2 E, Silikatfelsen, Felsspalten am Grat,
ca. 2170 m, 29.VI.2005, Erzberger s.n. (Erzberger). GREECE. Macedonia : Mt. Varnous
(Varnoundas) between Vighla and the mountain refuge, 1700-1900 m, 12.VI.2003, Blockeel &
Sabovljevic ́ 32/420 (Blockeel, G). SWITZERLAND. Grisons : Bergün, zwischen Stuls und
Latsch, an Setzmauer, 1530 m, 9.X.1998, Lübenau s.n. (G, Lübenau); Valais: Hérémence, Lac
des Dix, 2400 m, Blöcke, Silikatgestein, 26.VII.1990, Maier 3825 (G). U.K. [Scotland]: Angus.
West Jerry nr. Dundee, dry basalt rocks, IV.1954, Duncan 55/15 (E). U.S.A. California: Grimmia manniae Müll. Hal. Napa Soda Springs, 3.V.1886, Mann s.n. [in part] (NY) ; Oregon :
Union County. Vertical face of andesite boulder, south shore of Anthony Lake, alt. 7100 ft., Blue
Mts., 17½ miles W. North Powder, 15.VII.1963, Hermann 28821 (G).
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3. Grimmia anodon Bruch & Schimp., Bryol. Eur. 25-28: 8. 1845 (Figs. 3.1-20).
Type : [GERMANY]: auf Mauern bei Heidelberg, s.d., Braun s.n. (Lecto-: BM)
(lectotypified by CAO & VITT, 1986 : 203) (Figs. 3.21-23, from Braun s.n., BM).
 Grimmia anodon var. sinaitica Renauld & Cardot in Bull. Herb. Boissier 2: 33. 1894.
Type : [EGYPT. Sinai]: Djebel Senah, 12.XII.1891, Grothe s.n. (Lecto-: FH, not
seen ; isolecto-: G) (lectotypified and synonymized by MUÑOZ & PANDO, 2000: 16)
(Fig. 3.24, from Grothe s.n., G).
 Grimmia anodon var. anomala E. B. Bartram in Bryologist 27: 59. 1924.  Grimmia
anodon f. anomala (E. B. Bartram) G. N. Jones in Grout, Moss. Fl. N. Amer. 2 : 22.
1933.
Type : [U.S.A.]. Southern Arizona : Steep shaded banks of dry washes in Tuscon
Mountains, Pima County. Altitude 2300 ft., 13.II.1924, Bartram 931 (Lecto-: FH)
(lectotypified and synonymized by MUÑOZ, 1999a : 125) (Fig. 3.25, from Bartram
931, FH).
 Grimmia pseudoanodon Deguchi in Inoue, Stud. Cryptog. S. Peru: 29. 1987.
Type : PERU : Chucuito, near Acora, Prov. Puno ; alt. ca. 3900 m, in rocky meadow,
29.IX.1984, Deguchi 30008 (Holo-: TNS) syn. nov. (Figs. 3.26-28, from Deguchi
30008, TNS).
Gametophyte. Monoicous. Female : innermost perichaetial leaf (Fig. 3.1) 1.5-2.0 mm
long, in lower part concave, broad-ovate, broader than stem leaves, at margin 2-3 rows of
elongate-rectangular hyaline cells, vanishing in broadest part, costa stout in upper laminal
part, excurrent into broad, elongate hair-point ; male : perigonia below perichaetium or on
subperichaetial branches terminal, as multifoliose buds, innermost perigonial leaf (Fig. 3.2)
1.0-1.2 mm long, lower part keeled, sheathing, ovate, apex obtuse, hyaline to two-thirds of
leaf, costa enlarged in apical part, percurrent, paraphyses in young perigonia numerous, end
cell hooked. Growth form : cushions dense, rarely disintegrating, stems to 15 mm long,
plants erect, branched, radiculose at base (Fig. 3.3), central strand (Fig. 3.4) developed.
Leaves 1.2-1.5 mm long, lower leaves ovate, muticous, apex rounded, upper leaves (Figs. 3.5-6)
oblong or lanceolate, loosely arranged on stem, imbricate, erect when dry, scarcely spreading
when moistened, erect when wet, ovate or broad-lanceolate from elongate leaf base, apex
rounded, hair-point (Fig. 3.6) short to elongate, weakly denticulate ; leaf form in situ
(Fig. 3.7) leaf base concave, laminal part keeled or obtusely keeled, margins plane throughout ; basal paracostal cells (Fig. 3.8) elongate-rectangular, walls smooth, towards margin cells
rectangular or quadrate, at margin 2-3 rows of rectangular hyaline cells, these cells vanishing
at broadest part of leaf, walls smooth, in transitional part (Fig. 3.8) cells short-rectangular or
quadrate, walls more or less sinuose, upper lamina cells rounded-quadrate or short-rectangular, walls smooth or faintly sinuose, thickened ; seen in transverse sections (Figs. 3.9-11),
leaf base unistratose, lamina unistratose or irregularly bistratose in places, margin in leaf base
unistratose, in laminal part 1 or 2 marginal cell rows bistratose. Costa, seen on dorsal side
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(Figs. 3.5-6), in lower part of leaf narrow, in upper laminal part enlarged, stout, excurrent
into hair-point, seen in transverse sections (Figs. 3.9-11), on dorsal side at insertion, in leaf
base and in transitional part rounded, in upper laminal part occasionally strongly rounded,
on ventral side at insertion and in leaf base slightly concave, in transitional part widely
channelled, in laminal part channelled, at insertion and from leaf base to enlarged part
of costa 4 guide cells, the 2 outer ones contiguous with the basal cells, from enlarged costal
part to apical part 2 guide cells, a median group of hydroids throughout, neither stereids nor
substereids present.
Sporophyte. Seta to 0.7 mm long, (Fig. 3.12) curved (S-form) or straight, epidermal
cells arranged (Fig. 3.13) parallel to axis, quadrate or transversely rectangular, thin-walled,
vaginula 0.2 mm long, ovoid, with ochrea. Capsule immersed, erect, globose, ventricose,
leptodermous, smooth, flared after dehiscence, exothecial cells (Fig. 3.14) mostly elongate,
thin-walled, seen in transverse section of capsule, exterior walls smooth, stomata (Fig. 3.15)
large at transition between seta and base of capsule, neck lacking, spore sac on short stalk,
creating at base of capsule a small air space, annulus (Fig. 3.16) of 1-3 rows of cells, if detaching then individually or as small groups. Calyptra (Fig. 3.17) mitrate, lobed, fugacious.
Operculum (Fig. 3.18) broad, convex, mammillate, base slightly serrulate (Fig. 3.19),
formed by 1 or 2 rows of nearly isodiametric cells, in upper part cells irregular, mostly
quadrate or pentagonal, thick-walled. Peristome lacking, but on the inside of the capsule
wall at the orifice 2 rows of 32 unconnected cells present, suggesting the base of peristome
teeth, seen in longitudinal section (Fig. 3.20), their thickened walls may be interpreted as
trabeculae. Spores 6-10 μm, smooth.
Diagnostic characters.– Gametophyte. Leaves: margins plane throughout, 1 or 2 marginal
cell rows bistratose. Costa in upper laminal part enlarged, stout, a median group of hydroids
throughout, neither stereids nor substereids present. Sporophyte. Capsule flared after
dehiscence. Peristome lacking.
Comparison of the specimens examined with the type specimen of G. anodon shows
correspondence in leaf shape (Fig. 3.21), cells in leaf base (Fig. 3.22), and costal architecture
(Fig. 3.23).
Argumentation for synonymy.– The type specimens of G. anodon var. sinaitica, and
G. anodon f. anomala show correspondence in costal architecture (Figs. 3.24, 3.25) with the
type specimen of G. anodon. The type specimen of G. pseudoanodon shows correspondence in
leaf shape (Fig. 3.26), cells in leaf base (Fig. 3.27), and costal architecture (Fig. 3.28) with
the type specimen of G. anodon.

Figure 3.– Grimmia anodon Bruch & Schimp.: 1, perichaetial leaf ; 2, perigonial leaf ; 3, plant with sporophyte ;
4, transverse section of stem ; 5-6, leaves ; 7, outlines of transverse leaf sections ; 8, cells in leaf base and transitional part ;
9-11, transverse sections of leaf; 12, deoperculate capsule with seta and vaginula; 13, epidermal cells of seta; 14, exothecial cells;
15, stoma ; 16, cells at rim of capsule ; 17, calyptra ; 18, operculum ; 19, cells of operculum at base ; 20, longitudinal section of
rim of capsule.
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Comments.– Plants with muticous leaf apices are not rare. They are found occasionally in
plants buried in the disintegrated substrate of rocks. Leaf stratosity is variable : leaves with
alternating uni- and bistratose cell patches (Fig. 3.9) as well as totally unistratose laminae
(Fig. 3.25) or leaves with the apical part bistratose (Fig. 3.24) may be found.
Distribution.– Africa : Algeria, Egypt, Morocco. Asia : China, India, Pakistan, Tibet,
Turkey. Europe : Austria, Germany, Norway, Switzerland. North America : Canada (British
Columbia), U.S.A. (Arizona, Colorado, Montana, Oregon). South America: Bolivia, Peru.
Habitat and substrate.– On wall tops and vertical surfaces, dry and exposed boulders, in
rock crevices ; concrete, limestone, sandstone and siliceous rocks, from 460 to 4600 m. One
specimen had been found in the Himalaya at 6000 m. This is the highest altitude noted for a
Grimmia species in this study.
Specimens examined (60), selected for description : BOLIVIA. Inquisivi : La Paz, pass
road (Quime-Caxata) SW Huana Kkota (67°17’W 17°03’S), puna, boulder slope, on rock,
4100 m, 1.X.1997, Heinrichs & Müller JH 4137 (LPB). MOROCCO. Fès : Azrou, Seen bei
Imouzzer, 1360 m, an Felsblöcken, Liaskalk, 9.IV.1992, Lübenau s.n. (G). SWITZERLAND.
Fribourg : Montbovon, Col de Bonaudon, 1755 m, Sandstein, 1.VI.1991, Maier 5495 (G) ;
Grisons : Sils, Steinhalde, Fugen zwischen Steinen, auf Steinen, 2200 m, 3.VII.1989, Maier
2885 (G). U.S.A. Arizona : Cochise Co.: dry East-facing mountainside north of mouth
of Cave Creek Canyon, 5500 ft. alt., Chiricahua Mts., 3 mi. N. of Portal, 16.IV.1954, Weber
& Shushan 10541 (G) ; Colorado : Mesa Co.: north end of Colorado National Monument,
ca. 3 mi. south of Fruita; Pinus edulis-Juniperus osteosperma community, on sandstone, 12.V.1955,
Shushan & Weber W 9056 (G).

Figure 3. cont.– Grimmia anodon Bruch & Schimp.: 21, leaf ; 22, cells in leaf base ; 23-25, transverse sections of leaf ;
26, leaf; 27, cells in leaf base; 28, transverse section of leaf.
[1-2, 7, Shushan & Weber W 9056 (G) ; 3, Maier 5495 (G) ; 4, 6, 8, 10, Heinrichs & Müller JH 4137 (LPB) ; 5, 11, 1719, Weber & Shushan 10541 (G) ; 9, Lübenau s.n. (G) ; 12-16, 20, Maier 2885 (G). Analysis of the type specimens : Grimmia
anodon Bruch & Schimp.: 21-23, Braun s.n. (BM); Grimmia anodon var. sinaitica Renauld & Cardot: 24, Grothe s.n. (G); Grimmia anodon f. anomala (E. B. Bartram) G. N. Jones : 25, Bartram 931 (FH) ; Grimmia pseudoanodon Deguchi : 26-28, Deguchi
30008 (TNS)]
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4. Grimmia anomala Schimp., Syn. Musc. Eur. ed. 2, 2: 270. 1876 (Figs. 4.1-12).
Type : [SWITZERLAND]: An Felsen in Zermatt im Wallis, s.d., Bertram s.n. (Holo-:
BM) (Figs. 4.13-15, from Bertram s.n., BM).
 Grimmia philibertiana E. Britton in Bull. Torrey Bot. Club 18: 51. 1891.
Type : [U.S.A.]. Idaho : Kootnay Co., on the quartz croppings of metalliferous veins,
at 6000 ft. alt. Divide between Traille River and & Independence creek, 27.IX.1889,
Leiberg 219 (Holo-: NY) (synonymized by DEGUCHI, 1979 : 163) (Fig. 4.16, from
Leiberg 219, NY).
 Grimmia pachyneurula Müll. Hal. & Kindb. in Macoun, Cat. Canad. Pl., Musci: 65.
1892.
Type: [CANADA]. British Columbia: Revelstoke, 7.V.1890, Macoun s.n. (Lecto-: S)
(lectotypified by BREMER, 1980: 94) (synonymized by BLOM, 1996 : 262) (Fig. 4.17,
from Macoun s.n., S).
 Grimmia phyllanta Broth. in Acta Soc. Sci. Fenn. 19(12): 83. 1892.
Type : [GEORGIA]: Imeretia, in alpe Bereleti pr. Uzeri, ad saxa ad fl. Rion,
3.VII.1877, Brotherus s.n. (Holo-: H-BR, not seen ; iso-: H-SOL) (synonymized by
DEGUCHI, 1979: 163) (Fig. 4.18, from Brotherus s.n., H-SOL).
Gametophyte. Dioicous. Female : perichaetia not seen ; male : perigonia not seen.
Growth form : in loose tufts, easily disintegrating, stems to 40 mm long, plants from creeping
base ascending, branched (Fig. 4.1), central strand weakly (Fig. 4.2) or not developed at
all (Fig. 4.3). Leaves (Fig. 4.4) to 2.3 mm long, of undulate or inflated aspect, crowded,
loosely arranged on stem, apical part slightly contorted when dry, bending backwards when
moistend, patent to spreading when wet, lanceolate or lingulate from ovate base, tapering to
apex, hair-point of different lengths, smooth, often with multicellular clusters of rounded
gemmae at apex, after their release leaf apex altered to mucronate (Fig. 4.5) or truncate leaf
point ; leaf form in situ (Fig. 4.6) in leaf base concave, in lower laminal part spreading to
widely keeled, in upper laminal part keeled to narrowly keeled, margin recurved on one side
from leaf base to apical part, on other side at mid-leaf occasionally slightly recurved ; basal
cells (Fig. 4.7) rectangular, toward margin short-rectangular to quadrate, at margin a row of
quadrate, thick-walled, hyaline cells, vanishing at broadest part of leaf, all walls smooth, in
transitional part (Fig. 4.7) lamina cells short-rectangular, walls slightly sinuose, lamina cells
isodiametric, rounded-quadrate, walls rarely sinuose, seen in surface view, lamina striate due
to papillae and joint thickenings ; seen in transverse sections (Figs. 4.8-9), leaf base unistratose, lamina bistratose in places or entirely so, at margin several bistratose cell rows, cells
papillose. Costa, seen on dorsal side (Fig. 4.4), stout, faintly narrower at insertion, attenuate

Figure 4.– Grimmia anomala Schimp.: 1, plant ; 2-3, transverse sections of stem ; 4, leaf ; 5, apical cells after release
of gemmae ; 6, outlines of transverse leaf sections ; 7, cells in leaf base and transitional part ; 8-9, transverse sections of leaf ;
10, exothecial cells; 11, stoma; 12, peristome tooth, outer side; 16-17, transverse sections of leaf.
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at apical part, percurrent, seen in transverse sections (Figs. 4.8-9), dorsally rounded, papillose, in laminal part prominent, ventrally at insertion scarcely convex, in leaf base and lower
laminal part channelled, in upper laminal part narrowly so, at insertion, in leaf base, and in
laminal part 4 guide cells, in apical part reduced to 2 guide cells, costal cells rather uniform,
except dorsal and ventral cells, hydroids lacking, at insertion some substereids present.
Sporophyte. Seta to 6 mm long, straight, epidermal cells arranged parallel to axis,
vaginula 0.7 mm long. Capsule erect, cylindrical, smooth, exothecial cells (Fig. 4.10)
rounded, elongate-rectangular or irregular, walls thickened, stomata (Fig. 4.11) numerous
at base of short neck, at orifice (Fig. 4.12) 3 or 4 rows of small, rounded, hyaline cells considered to be a persistant annulus. Calyptra narrow, cucullate-mitrate. Operculum conical
with long beak. Peristome (Fig. 4.12) teeth lanceolate, rarely split in the middle of the teeth,
trabeculae small throughout, distant, inner side and upper two-thirds of outer side densely
covered with rounded papillae, the lowermost outer plates smooth, 2 or 3 subsequent plates
sparsely papillose, teeth inserted below orifice. Spores immature.
Diagnostic characters.– Gametophyte. Leaves in dry plants of inflated aspect, with papillae and joint thickenings, in surface view seen as striae. Costa prominent in laminal part, cells
nearly uniform, hydroids lacking. Sporophyte. Capsule at orifice with 3 or 4 rows of small,
rounded, hyaline cells.
Comparison of the specimens examined with the type specimen of G. anomala shows
correspondence in leaf shape (Fig. 4.13), cells in leaf base (Fig. 4.14), and costal architecture
(Fig. 4.15).
Argumentation for synonymy.– The type specimens of G. philibertiana, G. pachyneurula
and G. phyllanta show correspondence in costal architecture (Figs. 4.16, 4.17, 4.18) with the
type specimen of G. anomala.
Comment.– A detailed description of G. anomala, especially of the sporophyte, is given
in LAWTON (1959: 168) under G. hartmanii var. anomala.
Distribution.– Asia : Russia (Georgia). Europe : Albania, Austria, Germany, Serbia,
Switzerland. North America : Canada (British Columbia, Newfoundland), U.S.A. (Idaho,
Michigan, Ontario, Washington).

Figure 4. cont.– Grimmia anomala Schimp.: 13, leaf ; 14, cells in leaf base ; 15, transverse section of leaf ; 18, transverse
section of leaf.
[1, Maier 8703 (G) ; 2, Maier 9075 (G) ; 3, 6-7, 9, Hermann 28634 (G) ; 4-5, Siegel s.n. (G) ; 8, 10-12, Lawton 3329
(US). Analysis of the type specimens : Grimmia anomala Schimp.: 13-15, Bertram s.n. (BM) ; Grimmia philibertiana E. Britton :
16, Leiberg 219 (NY); Grimmia pachyneurula Müll. Hal. & Kindb.: 17, Macoun s.n. (S); Grimmia phyllanta Broth.: 18, Brotherus s.n. (H-SOL)]
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Habitat and substrate.– In mixed forests, dwarf shrublands, heathland, exposed scree, on
lake shores; siliceous boulders, from 1100 to 2400 m.
Specimens examined (25), selected for description : GERMANY. Bavaria : Allgäu,
Bleichach-Tobel, 17.VI.1994, Siegel s.n. (G). SWITZERLAND. Glarus : Braunwald, Gumen,
alpiner Rasen, Silikatsteinblock, 1900 m, 3.VIII.1993, Maier 8703 (G) ; Valais : Bellwald –
Münster, Alpweide, Gestein silikatisch, Bachnähe, 1670 m, 21.IX.1994, Maier 9075 (G).
U.S.A. Michigan: Keweenaw County. Matting conglomerate outcrop on shore of Lake Superior,
Lakeside Lodge on M 26, 3 1/2 miles W Copper Harbor, 27.IX.1978, Hermann 28634 (G) ;
Washington : Pierce Co., Mt. Rainier, near bridge over Nisqually River, 14.VII.1956, Lawton
3329 (WTU).

5. Grimmia asperitricha Dixon & Sainsbury in Trans. & Proc. Roy. Soc. New Zealand 75 :
173. 1945 (Figs. 5.1-18).
Type : [NEW ZEALAND]. Canterbury Land District : Tasman Glacier, De la
Bêche, Southern Alps, 43°31’S, 170°15.4’E, 5000 ft. On rock, 20.I.1934, Sainsbury
756 (Lecto-: BM) (lectotypified by MUÑOZ, 1998b: 395) (Figs. 5.19-21, from Sainsbury 756, CHR).
 Grimmia perpilosa Ochyra in Fragm. Florist. Geobot., Suppl. 2: 220. 1993.
Type : [NEW ZEALAND]. Southland Land District : Fjordland, Gertrude Saddle.
On rock, 44°44’S, 168°0.7’E, ca. 4000’, 23.XII.[19]74, Child 4386 (Holo-: BM ;
iso-: CHR, KRAM) (synonymized with G. australis (Dixon & Sainsbury) J. Muñoz
& Ochyra by MUÑOZ & OCHYRA, 1999 : 319) syn. nov. (Fig. 5.22, from Child
4386, CHR).
 Grimmia immersa Ochyra in Fragm. Florist. Geobot., Suppl. 2: 223. 1993.
Type : [NEW ZEALAND]. Canterbury Land District : Mount Cook National Park,
End of North Ridge, Mt. D’Archiac, 43°27’S, 170°34.4 E, 6100’, 26.I.1972, Wilson
2314 (Holo-: CHR) (synonymized with G. australis (Dixon & Sainsbury) J. Muñoz
& Ochyra by MUÑOZ & OCHYRA, 1999: 319) syn. nov. (Figs. 5.23-25, from Wilson
2314, CHR).
 Coscinodon australis Dixon & Sainsbury in Trans. Proc. Roy. Soc. New Zealand 75 :
175. 1945.  Grimmia australis (Dixon & Sainsbury) J. Muñoz & Ochyra in
J. Bryol. 21: 319. 1999.
Type : NEW ZEALAND. Canterbury : Mt. Cassidy, Arthur’s Pass, c. 5000’; on
stones in damp places, 31.XII.1935, Sainsbury 827 (Lecto-: BM) (lectotypified by
MUÑOZ & OCHYRA, 1999: 319) syn. nov. (Fig. 5.26, from Sainsbury 827, BM).
Figure 5.– Grimmia asperitricha Dixon & Sainsbury : 1, perichaetial leaf; 2, plant with sporophyte; 3, transverse section
of stem; 4-6, leaves; 7, hair-point; 8, outlines of transverse leaf sections; 9-10, cells in leaf base; 11-12, cells in transitional part;
13, lamina cells near apex; 14, transverse section of leaf; 15, dorsal costal cells in apical part in surface view; 16, capsule, operculate with part of seta; 17, exothecial cells; 18, operculum.
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Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 5.1) 2 mm long,
hyaline and slightly sheathing in lower half of leaf, costa in upper part enlarged, excurrent
into denticulate hair-point ; male : perigonia not seen. Growth form : cushions compact,
dense, scarcely disintegrating, adherent to substrate with rhizoids, interwoven with young
shoots, leaflets appressed to stem, apices spreading, producing bristly aspect of the shoot,
stems to 13 mm long, plants erect, branched (Fig. 5.2), central strand (Fig. 5.3) well-developed. Leaves (Figs. 5.4-6) 1.3-1.8 mm long, of nearly uniform length, imbricate, appressed
to stem, densely arranged when dry, slowly and weakly bending backwards when moistened,
erectopatent when wet, from ovate leaf base tapering to acuminate apex, with sharply denticulate
hair-point (Fig. 5.7) of different lengths, in comal leaves very long, base of well-developed
hair-points often decurrent ; leaf form in situ (Fig. 5.8) concave from insertion to upper part
of leaf, upper part keeled, margins from leaf base to apex gradually more erect, plane ; basal
cells (Figs. 5.9-10) short-rectangular to rectangular, at margin 2 or 3 rows of rectangular cells,
transverse walls thickened, all walls smooth, in transitional part (Figs. 5.11-12) cells mostly
quadrate, rarely rectangular, lumina rounded, walls smooth, upper laminal cells (Fig. 5.13)
oval, broader than long, or isodiametric, lumina rounded, walls smooth, seen in transverse
section (Fig. 5.14), cells rounded-oval, the outer walls of cells thickened and bulging; seen in
transverse section (Fig. 5.14), leaf base unistratose, lamina unistratose to nearly completely
bistratose in upper part, or with bistratose patches, appearing as striae in surface view, 1 or 2
marginal rows of bistratose cells from just above leaf base to apical part. Costa, seen on dorsal
side (Figs. 5.4-6) of nearly uniform width, excurrent, seen in transverse section (Fig. 5.14),
on dorsal side rounded, in laminal part prominent, walls of outer dorsal cells bulging, seen in
surface view (Fig. 5.15) cell walls smooth, on ventral side at insertion and in lower part
of leaf widely channelled, in lower laminal part channelled, in upper laminal part recessed in
furrow, at insertion 4 guide cells, rarely 5, in laminal part reduced to 2 guide cells, a group of
hydroids present throughout.
Sporophyte. Seta (Fig. 5.2) 1.6 mm long, straight in dry and wet state, stout, epidermal cells turning to the right. Capsule (Fig. 5.16) oblong, smooth, stomata at capsule
base, neck lacking, flared after dehiscence, exothecial cells (Fig. 5.17) irregular, with strongly
thickened walls, annulus of 2 rows of cells with wide lumina, partly detaching. Operculum
(Fig. 5.18) conical, rostrate, beak oblique. Calyptra not seen. Peristome not seen.
Diagnostic characters.– Gametophyte. Leaves concave in lower part, keeled in upper
part, margin erect throughout, plane, seen in transverse section (Fig. 5.14) the outer walls of
the lamina cells thickened and bulging, hair-point sharply denticulate (Fig. 5.7). Costa with
outer dorsal cells bulging, in upper part of leaf recessed in furrow.

Figure 5. cont.– Grimmia asperitricha Dixon & Sainsbury : 19, leaf ; 20, cells in leaf base ; 21-22, transverse sections of
leaf; 23, leaf; 24, cells in leaf base; 25-26, transverse sections of leaf.
[1-2, 4-5, 8-9, 11, 13, 16-18, Sainsbury 827 (BM) ; 3, 6-7, 12, 15, Sainsbury 756 (BM) ; 10, 14, Child 4386 (CHR).
Analysis of the type specimens : Grimmia asperitricha Dixon & Sainsbury : 19-21, Sainsbury 756 (CHR) ; Grimmia perpilosa
Ochyra : 22, Child 4386 (CHR) ; Grimmia immersa Ochyra : 23-25, Wilson 2314 (CHR) ; Grimmia australis (Dixon &
Sainsbury) J. Muñoz & Ochyra: 26, Sainsbury 827 (BM)]

Grimmia asperitricha

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

19

26

21

21

26

23

24

22

25

20

0.1 mm
20-22, 24-26

Grimmia asperitricha

1 mm
19, 23

61

62

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

Comparison of the specimens examined with the type specimen of G. asperitricha shows
correspondence in leaf shape (Fig. 5.19), cells in leaf base (Fig. 5.20), and costal architecture
(Fig. 5.21).
Argumentation for synonymy.– The type specimens of G. perpilosa and G. australis show correspondence in costal architecture (Figs. 5.22, 5.26) with the type specimen of G. asperitricha.
The type specimen of G. immersa shows correspondence in leaf shape (Fig. 5.23), cells in leaf
base (Fig. 5.24), and costal architecture (Fig. 5.25) with the type specimen of G. asperitricha.
Comments.– The description of the gametophyte is based on a combination of characters
recognized in the specimens Sainsbury 756 and Sainsbury 827 (Coscinodon australis), the
incomplete description of the sporophyte is based on a plant with a malformed capsule.
BELL (1984 : 73), in his work on South Georgian Mosses considered G. asperitricha to
be a synonym of G. grisea with reference to specimens collected by Skottsberg under the numbers 307 and 308, identified as G. grisea by BELL (1984 : 105). The specimen Skottsberg 308,
however, turned out to be G. sessitana (Figs. 46.30-33).
MUÑOZ (1998b : 395) designated the specimen Sainsbury 756, one of five syntypes
housed in BM, as lectotype of G. asperitricha. This specimen is the only one of all the syntypes that corresponds to the protologue of G. asperitricha.
The specimen Sainsbury 771, housed in BM and CHR, is cited as syntype of G. asperitricha by GREVEN (2003: 58) and by MUÑOZ & PANDO (2000: 74) who place G. asperitricha
under G. reflexidens Müll. Hal., which is a synonym of Coscinodon reflexidens (Müll. Hal.)
Ochyra. The specimen Sainsbury 771, however, turned out to be G. montana.
Grimmia asperitricha is a good species and not, as proposed by MUÑOZ (1998b : 395),
and MUÑOZ & PANDO (2000: 74), a synonym of G. reflexidens Müll. Hal. ( Coscinodon
reflexidens (Müll. Hal.) Ochyra, as proposed in OCHYRA, 2004: 116).
Besides the type specimens, unfortunately, no other material was available for a
complete description of the sporophyte of this species, which is very interesting because of
its systematic position and distribution.
Distribution.– At present known only from New Zealand.
Habitat and substrate.– In damp places; on siliceous rock, stones, from 1300 to 2000 m.
Specimens examined.– All specimens cited as type specimens above.
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6. Grimmia atrata Hornsch. in Flora 2: 85. 1819 (Figs. 6.1-22).
Type: [AUSTRIA. Salzburg]: Bei der Grube Schwarzwand in der Grosarl, s.d., s.coll. s.n.
(Lecto-: B; syn-: BM) (lectotypified by DEGUCHI, 1979: 170) (Figs. 6.23-25, from s.coll.
s.n., BM).
 Grimmia tristicha Herzog in Biblioth. Bot. 87 : 58. 1916 [non (Brid.) Schwägr., Sp.
Musc. Frond. Suppl. 1(1): 84. 1811].  Grimmia tristichoides Margad. in Lindbergia
1: 128. 1972.
Type : BOLIVIA : An nassen Felsen im Hochtal von Viloco, ca. 4700 m, XI.[19]11,
Herzog 3152 (Lecto-: JE ; syn-: JE, An nassen Felsen bei der Mine Chojñacota,
ca. 4750 m, XI.[19]11, Herzog 2979; An nassen Felsen im Minentälchen von Viloco,
XI.[19]11, Herzog 3170) (lectotypified and synonymized by MUÑOZ, 1999a : 127)
(Figs. 6.26-27, from Herzog 3152, JE).
 Grimmia tristicha var. comosa Herzog in Biblioth. Bot. 87 : 59. 1916.  Grimmia
tristichoides f. comosa (Herzog) Margad. in Lindbergia 1: 128. 1972.
Type : BOLIVIA : An nassen Felsen im Hochtal von Viloco, ca 4700 m, XI.[19]11,
Herzog 3188 (Lecto-: JE) (lectotypified and synonymized by MUÑOZ, 1999a : 127)
(Fig. 6.28, from Herzog 3188, JE).
 Grimmia ochyriana J. Muñoz in Nova Hedwigia 66: 235. 1998.
Type : NEPAL : Près du camp de base, direction de Lobuje, 5100 m, 31.V.1952,
Zimmermann 558 (Holo-: G ; iso-: MA) (synonymized by MAIER, 2002b : 166)
(Figs. 3.13, 25-26, from Zimmermann 558, G).
 Grimmia mexicana Greven in Bryologist 102: 432. 1999.
Type : MEXICO. [State of Puebla]: Volcan Orizaba, 2.5 km below Piedra Grande,
3890 m ; sunny E-facing rock, 4.XII.1997, Greven M100 (Holo-: BM, not seen ;
iso-: NY) (synonymized with G. ochyriana J. Muñoz by MUÑOZ & PANDO, 2000: 57)
syn. nov. (Figs. 6.29-31, from Greven M100, NY).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 6.1) 2.8-4.4 mm
long, sheathing nearly completely to upper third, tapering to narrow, acuminate, muticous
apex from broad-rectangular base, sheathing part hyaline, costa stout in lower part, attenuated
in upper part, vanishing below apex ; male : plants smaller than female plants, in separate
cushions, perigonia as buds on short terminal stalks and in leaf axils, several per plant, innermost perigonial leaf 0.8 mm long, sheathing, concave, ovate, apex rounded, at margin 2 rows
of hyaline cells, vanishing at broadest part, other cell walls thickened, costa vanishing below
apex, paraphyses not seen. Growth form : cushions dark green or blackish green, interwoven
with rhizoids, stems to 60 mm long, plants erect (Fig. 6.2), strongly radiculose at base,
branched in upper part, central strand lacking (Fig. 6.3) or poorly to strongly (Fig. 6.4)
developed. Leaves (Fig. 6.5) 2.5-2.7 mm long, when dry imbricate, appressed to stem, upper
part contorted around stem, when moistened older leaves bending backwards, younger leaves
scarcely spreading, erectopatent when wet, from ovate base lanceolate-lingulate, muticous
(Fig. 6.6), apex obtuse, occasionally cucullate; leaf form in situ (Fig. 6.7) at insertion slightly
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concave, in leaf base obtusely keeled, in lower laminal part keeled, in upper part narrowly so,
margin on one side recurved from insertion to above broadest part of leaf ; basal paracostal
cells (Fig. 6.8) rectangular or elongate-rectangular, walls thickened, nodulose, towards margin
cells elongate-rectangular to short-rectangular, a row of quadrate cells at margin, all cell walls
smooth, transverse walls thickened, in transitional part (Fig. 6.9) cells rectangular, walls
incrassate, sinuose, lamina cells mostly isodiametric, lumina rounded, walls faintly sinuose ;
seen in transverse sections (Figs. 6.10-13), leaf base unistratose, laminal part irregularly
bistratose, rarely with tristratose patches, both margins at insertion and in leaf base bistratose
or unistratose, as well as bistratose on one side only, in laminal part bistratose in places.
Costa, seen on dorsal side (Fig. 6.5), stout, broad at insertion and in leaf base, attenuated in
laminal part, obscure below apex, not reaching apex in all leaves, seen in transverse sections
(Figs. 6.10-13), on dorsal side at insertion and in leaf base broadly rounded, from transitional part to apical part rounded, slightly contracted at origin of lamina, on ventral side from
insertion to upper laminal part widely channelled to channelled, in upper laminal part
narrowly channelled, at insertion and in leaf base 8 guide cells, in transitional part 6 guide
cells, gradually reduced to 2 in apical part, from insertion to laminal part a median band of
substereids, if hydroids present then vanishing in transitional part.
Sporophyte. Seta (Fig. 6.2) 1.5-6.0 mm long, straight, epidermal cells (Fig. 6.14)
turning to the right, vaginula elongate cylindrical, 1.2-1.7 mm long, ochrea small. Capsule
emergent or partly hidden between leaves, erect, cylindrical, with short and distinct neck,
narrowed at orifice when deoperculate, smooth, exothecial cells (Fig. 6.15) irregular, hexagonal, isodiametric, walls thin, seen in transverse section of capsule, the exterior walls of the
exothecium cells are smooth, stomata lacking or few to numerous at neck, annulus (Fig. 6.20)
of 4-5 rows of singly detaching cells of specific shape : lower part short-cylindrical, brownish,
upper part globular, hyaline, lumen narrow. Calyptra (Fig. 6.16) mitrate-campanulate. Operculum (Figs. 6.17-18) conical, rostrate, beak short or long, straight or oblique, base undulate
(Fig. 6.19), formed by some rows of small, rounded cells, in conical part cells irregular,
isodiametric, rectangular, walls thickened. Peristome (Fig. 6.20) teeth broad, entire or weakly
perforate, recurved to capsule wall when dry, occasionally not all teeth in a peristome are separated down to insertion (Fig. 6.21), trabeculae in lower part thin, in upper part thickened, dorsal and ventral sides densely covered with fine papillae, seen in longitudinal section (Fig. 6.22),
teeth inserted below orifice, between exothecium and teeth 2 layers of cells present, dorsal plates
thicker than ventral plates, trabeculae close together, scarcely protruding, a paradental uniseriate
row of 2-5 cells extends above the orifice (Fig. 6.22). Spores 12-14 μm, granulose.

Figure 6.– Grimmia atrata Hornsch.: 1, perichaetial leaf ; 2, plant with sporophyte ; 3-4, transverse sections of stem ;
5, leaf ; 6, apical cells ; 7, outlines of transverse leaf sections ; 8, cells in leaf base ; 9, cells in transitional part ; 12, transverse
section of leaf ; 14, epidermal cells of seta ; 15, exothecial cells, 16, calyptra ; 17-18, opercula ; 19, cells of operculum at base ;
20, peristome teeth, outer side, with annulus cells; 22, peristome tooth, longitudinal section.
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Diagnostic characters.– Gametophyte. Leaves lanceolate-lingulate, muticous, obtuse,
keeled in laminal part. Costa broad, stout in leaf base. Sporophyte. Capsule with annulus
cells of specific shape (Fig. 6.20), lower part short cylindrical, brownish, upper part globular
or oval, hyaline, lumen narrow. Peristome at insertion with a paradental uniseriate row of 2-5
cells extending above the orifice (Fig. 6.22).
Comparison of the specimens examined with the type specimen of G. atrata shows
correspondence in leaf shape (Fig. 6.23), cells in leaf base (Fig. 6.24), and costal architecture (Fig. 6.25).
Argumentation for synonymy.– The type specimen of G. tristichoides shows correspondence in leaf shape (Fig. 6.26) and costal architecture (Fig. 6.27) with the type specimen
of G. atrata. The type specimen of G. tristichoides f. comosa shows correspondence in
costal architecture (Fig. 6.28) with the type specimen of G. atrata. The type specimen of
G. mexicana shows correspondence in leaf shape (Fig. 6.29), cells in leaf base (Fig. 6.30),
and costal architecture (Fig. 6.31) with the type specimen of G. atrata.
Comments.– Grimmia atrata was collected by Hoppe and Hornschuch, based on information given by Mielichhofer (HORNSCHUCH, 1819 : 85). The protologue was written by
Hornschuch and thus he is the author of the name.
In this species the central strand may be scarcely or well-developed (Fig. 6.4) or not
developed at all (Fig. 6.3). An irregular development in the same stem may be observed.
European specimens all lack a central strand.
Bistratose alar cells, a regular feature in most of the European specimens, are not present in
all specimens : unistratose and bistratose (Fig. 6.13) cells may appear in the same plant,
bistratose margins on both sides as well as a bistratose margin on one side only have been seen.
Central strand developement and stratosity of margins in leaf base are not correlated to
costal architecture and peristomial characters. It may be the micro-environmental conditions
that cause these structural variations.
The drawings and the description of annulus cells present a specific feature, observed in
Grimmia in this well-developed form (Fig. 6.20) in G. atrata only. DIHM (1894) examined
annuli in different moss genera. He came to the conclusion that the annulus cells are specific
and show similarities within a genus. DEGUCHI (1979: 143, Figs. 6.1-4, 12) recognized three
types of annuli in the genus Grimmia.

Figure 6. cont.– Grimmia atrata Hornsch.: 10-11, 13, transverse sections of leaf ; 21, peristome insertion, inner side ;
23, leaf; 24, cells in leaf base; 25, transverse section of leaf; 29, leaf; 30, cells in leaf base.
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OCHYRA & BEDNAREK-OCHYRA (2004 : 542-549) published
. an article on G. atrata
under the name Streptocolea atrata (Miel. ex Hornsch.) Ochyra & Zarnowiec with reference to
HAGEN (1909 : 5, 69). Hagen proposed a subgenus Streptocolea for the unique taxon
G. atrata. However, very cautiously, HAGEN (1909: 5), renounced the use of the name ‘until it
would be rational to divide the genus Grimmia’ [in French: ‘dès l’instant qu’on trouve rationnel
de diviser le genre Grimmia’ ]. He based Streptocolea on the following characters, said to be otherwise unknown in species of the genus Grimmia : bistratose alar cells, systylious capsules, and
cells of the vaginula turning to the left.
The stratosity of the alar cells is an unstable character as it varies, as already discussed
above. In the material of G. atrata available systylious capsules were not observed. However,
a seemingly mature capsule of G. anodon exhibited this character. The character ‘vaginula
with turned cells’, in Greek ‘streptos’  turned, and ‘koleos’  vagina, proposed as name for
the new subgenus Streptocolea I. Hagen, was not seen in the G. atrata specimens examined.
The cells appeared to be arranged parallel to the axis of the vaginula. In addition, the drawing
in DEGUCHI (1979 : 149, Fig. 10.3) shows vertically arranged cells. Given these findings and
respecting Hagen’s opinion, it is preferable to maintain the name Grimmia atrata.
Distribution.– Asia : Nepal, India. Europe : Austria, France, Norway, Switzerland, U.K.
(Scotland). North America: Mexico. South America: Bolivia.
Habitat and substrate.– On rocks, rock outcrops, moraines, seepy cliffs ; dry siliceous
rocks, slate with ferruginous veins, from 700 to 5100 m.
Specimens examined (24), selected for description: AUSTRIA. Salzburg: Salzburgeralpen,
1848, Hochstettler s.n. (G) ; Hagener Hütte, Bergweg Nassfeld, 2000 m, Zwergstrauchheide,
Felsplatte, Schiefergneis, Eisensträhnen, 27.VIII.1994, Maier 9142 (G). BOLIVIA. Inquisivi:
La Paz. Mina Poldi: on seepy cliff with Rhacocarpus, 17°00’S 67°05’W, 4350 m, 1987, Lewis 87901 (G) ; La Paz. Mina Poldi : area of a road cut where apparently water gathers into a stream
during rains, 17°00’S 67°05’W, 4400 m, 1987, Lewis 87-926 (G). FRANCE : Pyrenäen,
Maladetta, VIII.1874, Goulard s.n. (GOET). NEPAL. Sankhuwasabha District: Upper Barun
Khola Valley above Mera, 27°49’N 87°07’E ; dry rocky river valley ; in crevices of dry rocks,
c. 4460 m, 4.X.1991, Long 20936 (E, G). NORWAY: Vorstigen 1050 m, humid rock, 7.VII.
1991, Lübenau s.n. (G). U.K. [Scotland]: South Aberdeen: Loch Kander, Glen Callater. Rock
outcrop by Loch, 700 m, 11.IX.1994, Long & Shaw 25 693 (E).

Figure 6. cont.– Grimmia atrata Hornsch.: 26, leaf; 27-28, transverse sections of leaf; 31, transverse section of leaf.
[1, 4, 12, Long & Shaw 25693 (E); 2, 14, Lübenau s.n. (G); 3, 7, 11, 17, Lewis 87-901 (G); 5, 8-9, 13, Maier 9142 (G);
6, 10, 15-16, 18-19, Lewis 87-926 (G); 20, Hochstettler s.n. (G); 21, Goulard s.n. (GOET); 22, Long 20936 (E, G). Analysis of
the type specimens: Grimmia atrata Hornsch.: 23-25, s.coll. s.n. (BM); Grimmia tristichoides Margad.: 26-27, Herzog 3152 (JE);
Grimmia tristichoides f. comosa (Herzog) Margad.: 28, Herzog 3188 (JE); Grimmia mexicana Greven: 29-31, Greven M100 (NY)]
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7. Grimmia austrofunalis Müll. Hal. in Hedwigia 37: 165. 1898 (Figs. 7.1-12).
Type : AUSTRALIA. Victoria : Grampians, Mt. William, 37°18’S, 142°36’E, on
rocks, III.1883, Sullivan s.n. (Holo-: MEL ; iso-: MEL) (Figs. 7.13-17, from Sullivan
s.n., holotype, MEL).
 Grimmia pansa R. S. Williams in Bull. New York Bot. Gard. 3: 125. 1903.
Type : [BOLIVIA]: Pelichuco 11.500 ft., 4.V.1902, Williams 2823 (Lecto-: NY;
isolecto-: JE) (synonymized with G. trichophylla Grev. by DEGUCHI, 1987: 30) (lectotypified by MUÑOZ, 1999a: 127) (Fig. 7.18, from Williams 2823, NY).
 Racomitrium austro-sudeticum Broth. in Biblioth. Bot. 87: 60. 1916.
Type : BOLIVIA : An Felsen bei der Waldgrenze über Tablas, ca. 3400 m, V.1911,
Herzog 2859 (Lecto :- H, not seen ; isolecto-: JE) (lectotypified and synonymized by
MUÑOZ, 1999a: 127) (Figs. 7.19-20, from Herzog 2859, JE).
 Grimmia crassiretis Cardot & Broth. in Kongl. Svenska Vetensk. Akad. Handl.
63(10): 27. 1923.
Type : [ARGENTINA/CHILE]. Patagonia : Vallée Frias, forêt de Nothofagus pumilio,
19.XI.1908, Skottsberg 381 (Lecto-: PC, not seen ; syn-: PC) (synonymized with
G. trichophylla Grev. by DEGUCHI, 1984 : 25) (lectotypified and synonymized by
MUÑOZ, 1999a: 127) (Figs. 7.21-23, from Skottsberg 381, PC).
 Grimmia benoistii Thér. in Rev. Bryol. Lichénol. 9: 10. 1936.
Type : [ECUADOR]: Rochers verticaux exposés au Nord, en face du Condorguachana (massif du Pichincha), 3900 m, 30.X.1930, Benoist 3116 (Lecto-: PC ;
isolecto-: G ; syn-: G, PC, Benoist 3117) (synonymized with G. trichophylla Grev. by
CHURCHILL, 1994 : 2) (lectotypified and synonymized with G. austrofunalis Müll.
Hal. by MUÑOZ, 1999a: 127) (Fig. 7.24, from Benoist 3116, G).
Gametophyte. Dioicous. Female : perichaetia not seen ; male : perigonia terminal,
innermost perigonial leaf (Fig. 7.1) 0.8-0.9 mm long, sheathing, ovate, apex obtuse, hyaline
except apical part, costa ending below apex, antheridia with rare paraphyses. Growth form :
cushions lax, adhering to substrate with rhizoids, from the base of the cushion occasionally
originating young shoots, leaflets lanceolate, acute, appressed to stem, apices of the shoot
slightly spreading, stems to 50 mm long, plants (Fig. 7.2) at base with few rhizoids, ascending, slightly rigid, moderately branched, without central strand (Figs. 7.3, 7.20). Leaves
(Figs. 7.4-5) to 3 mm long, crowded, loosely arranged on stem, slightly contorted with apices
spreading when dry, older leaves rapidly bending backwards, younger ones slowly moving
to spreading position when moistened, patulous to erectopatent when wet, lower leaf base

Figure 7.– Grimmia austrofunalis Müll. Hal.: 1, perigonial leaf ; 2, plant with sporophyte ; 3, transverse section of stem ;
4-5, leaves ; 6, cells at apex ; 7, outlines of transverse leaf sections ; 8-9, cells in leaf base ; 10-11, transverse sections of leaf ;
12, calyptra; 24, transverse sections of leaf.
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orange tinged, from moderately decurrent, occasionally auriculate, ovate leaf base elongatelanceolate tapering to acute apex, hair-point very short or of different lengths, rarely decurrent
(Fig. 7.6), smooth or slightly denticulate ; propagule development may occur on basal dorsal
side of costa (MUÑOZ, 1999a: 127); leaf form in situ (Figs. 7.7, 7.16) from insertion to above
broadest part of leaf one side of leaf concave, other side plane, near costa a plica present, ending in lower laminal part to be seen even in surface view, laminal part keeled, margin on nonplicate side recurved from insertion to mid-leaf, in upper part both sides plane ; basal
paracostal cells (Figs. 7.8-9) elongate-rectangular, walls thickened, more or less nodulose,
towards margin cells becoming shorter, near margin 1 or 2 rows of hyaline cells, ceasing below
or at transitional part, walls smooth, lamina cells from far below broadest part of leaf
to mid-leaf rectangular, walls thickened, sinuose, in upper laminal part (Fig. 7.17) cells
short-rectangular to isodiametric, walls thickened, mostly sinuose ; seen in transverse sections
(Figs. 7.10-11), lamina unistratose throughout, margins in leaf base unistratose, in apical
part occasionally on one or both sides a bistratose cell row present. Costa, seen on dorsal side
(Figs. 7.4-5), clearly delimited throughout, of nearly uniform width, in leaf base slightly
weaker, percurrent, seen in transverse sections (Figs. 7.10-11), dorsally rounded, prominent
in median part of leaf, in leaf base ventrally widely channelled, channelled in laminal part,
at insertion and in leaf base 4 guide cells, in laminal part 2 guide cells, costal cells mostly
uniform, occasionally some stereids, hydroids lacking.
Sporophyte. Seta (Fig. 7.2) arcuate. Capsule emergent, horizontal, plicate, with neck.
Calyptra mitrate, lobed (Fig. 7.12). Operculum conical, with long, straight beak.
Diagnostic characters.– Gametophyte. Stem without central strand. Costa at insertion
with 4 guide cells, costal cells mostly uniform, hydroids lacking.
Comparison of the specimens examined with the type specimen of G. austrofunalis shows
correspondence in leaf shape (Fig. 7.13), cells in leaf base (Fig. 7.14), and costal architecture
(Fig. 7.15).
Argumentation for synonymy.– The type specimens of G. pansa, R. austro-sudeticum, and
G. benoistii show correspondence in costal architecture (Figs. 7.18-19, 7.24) with the type
specimen of G. austrofunalis. The type specimen of G. crassiretis shows correspondence in leaf
shape (Fig. 7.21), cells in leaf base (Fig. 7.22), and costal architecture (Fig. 7.23) with the
type specimen of G. austrofunalis.
Comments.– No capsule bearing plants, other then the type specimen of G. pansa, were
available. For the description of the sporophyte suitable material was not found in the specimens at disposition from MEL, UBC or other herbaria cited in recently published works.

Figure 7. cont.– Grimmia austrofunalis Müll. Hal.: 13, leaf; 14, cells in leaf base; 15, transverse section of leaf; 16, outlines
of transverse leaf sections; 17, cells in upper laminal part of leaf.
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The fruiting material housed in B is very old and therefore only partly useful. On the other
hand the drawings of the peristomes in DEGUCHI (1987: 57, pl. 12.M) from the lectotype of
G. pansa [Williams 2823, NY], and DEGUCHI (1987 : 59, pl. 14.N), drawn from SchultzeMotel P-231, both under G. trichophylla, are very instructive. A concise description of the
sporophyte can be found in the protologue for G. austrofunalis, translated as : “seta short,
curved, capsule membranous, sulcate, slightly widened at orifice, calyptra small, mitrate,
lobed, smooth ; peristome teeth narrowly lanceolate, straight, split”. From the base of the
cushion young shoots with lanceolate, acute leaflets develop, vaguely resembling the rope-like
shoots of G. funalis. The epithet austrofunalis may refer to this character.
GREVEN (1997) published an article on G. austrofunalis. In this context, a specimen
from Tasmania leg. Gunn in Herb. Wilson (BM) (Figs. 7.2, 7.5-6, 7.9-10) and a specimen
from New Zealand were considered to be G. britannica. He re-examined the European
collections of G. britannica that he had previously treated (GREVEN, 1995) and stated that
“G. austrofunalis only occurs in Britain and Ireland, and that the Mediterranean samples
must be conceived as a southern European form of G. trichophylla” (GREVEN, 1997). This
conclusion is based on a comparison of a series of morphological characters of G. trichophylla,
G. austrofunalis, and G. decipiens, and the re-examination of the European material cited
under G. britannica. Because Greven considered G. britannica to be a synonym of G. austrofunalis it was necessary to understand the species concept of G. austrofunalis.
Therefore the following specimens of G. britannica, listed in GREVEN (1995), were studied (given here with the full label information):
Greece, Crete, Prov. Chania, Laki, Strasse zur Osmalos-Hochebene, GrundgebirgsIrrblock, 810-30 m, 26.III.1972, Düll s.n. (G, GOET, STU), as G. britannica A. J. E.
Sm. ( G. trichophylla var. robusta A. J. E. Sm.).
Ireland, Connemara ; Killadoon, alt. 50-10 m, 14.VIII.1987, van Melick 871 349
(G, van Melick), initially as G. trichophylla Grev., then changed in G. britannica A. J. E.
Sm.; Scotland, Juanjorge near Bachnagairn, Clova, Angus, VI.1965, Duncan 55/30ß
(E), as G. decipiens var. robusta (Fergusson ex Braithw.) Braithw.
Scotland, Kintyre, (Knapdale), Achahoish, near A’Mhaol odhar, slab rock, ca. 900 ft,
c. fr. 3.VI.1970, Kenneth s.n. (NMW), as G. affinis ( G. longirostris Hook.), changed to
G. britannica by T. L. Blockeel.
Scotland, Perthshire, Glen Lyon, rocks by river, 20.VII.1902, Binstead 163 (E), as
G. robusta Fergusson.

Figure 7. cont.– Grimmia austrofunalis Müll. Hal.: 18-19, transverse sections of leaf ; 20, transverse section of stem ;
21, leaf; 22, cells in leaf base; 23, transverse sections of leaf.
[1, 7, 11-12, Schultze-Motel P-185 (B) ; 2, 5-6, 9-10, Gunn s.n. (BM) ; 3-4, 8, Schultze-Motel P-118 (B). Analysis of the
type specimens : Grimmia austrofunalis Müll. Hal.: 13-17, Sullivan s.n. (MEL) ; Grimmia pansa R. S. Williams : 18, Williams
2823 (NY); Racomitrium austro-sudeticum Broth.: 19-20, Herzog 2859 (JE); Grimmia crassiretis Cardot & Broth.: 21-23, Skottsberg 381 (PC); Grimmia benoistii Thér.: 24, Benoist 3116 (PC)]
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The examination of this material revealed that a certain level of confusion existed : the
collection of Düll is G. dissimulata, the collections of van Melick, Duncan, and Binstead are
G. lisae, and the collection Kenneth is G. longirostris. The specimen Greven 2020 from Wales,
Snowdonia, Llyn Idwal, alt. 120 m, (housed in S, not seen) was earlier identified (MUÑOZ &
PANDO, 2000: 21) as being G. longirostris, and, in the same publication, it was stated that “all
European specimens identified as G. austrofunalis are other species”.
The specimens examined here, previously considered by Greven to be G. britannica,
turned out to be three distinct species, as cited above, namely G. dissimulata, G. lisae and
G. longirostris. This shows that the synonymy of G. britannica with G. austrofunalis is doubtful. BLOCKEEL & LONG (1998), following GREVEN (1997), included G. britannica and
G. trichophylla var. robusta in synonymy with G. austrofunalis. GREVEN (1999) published a
key to Grimmia, Coscinodon and Hydrogrimmia in Europe and formally stated his recognition
of G. britannica (erroneously given as G. brittanica) as a synonym of G. austrofunalis.
GREVEN (2003 : 68) published a description of G. austrofunalis illustrated with the drawings
of G. britannica from GREVEN (1995 : Fig. 8b). They represent transverse sections of a leaf in
the ‘basal part’ with six guide cells, a characteristic of either G. lisae or G. decipiens. Grimmia
austrofunalis has only four guide cells in the leaf base (Fig. 7.11). The earlier drawings given
by MUÑOZ (1999a : 130) from South American specimens of G. austrofunalis and corresponding with those from the holotype specimen of MEL (Figs. 7.13-15), were not taken into
consideration in the treatment of G. austrofunalis by GREVEN (2003). Based on the results of
this study, the presence of G. austrofunalis in Great Britain is unlikely.
No G. austrofunalis was found from Europe in the material seen for this study. Grimmia
austrofunalis is a moss of high altitudes and since the European alpine areas are well investigated,
it seems highly probable that the species would already have been detected, if present.
The taxonomic position of G. britannica is discussed under 26. Grimmia lisae.
Distribution.– Australia, including Tasmania, New Zealand. South America : Argentina,
Bolivia, Chile, Ecuador, Peru.
Habitat and substrate.– In exposed and sheltered places, in crevices of dry rocks, in
forests; siliceous rock, from 1770 to 4500 m.
Specimens examined (15), selected for description : AUSTRALIA. Tasmania : Gunn,
s.d., Gunn s.n. (BM). PERU. Ancash : Cord. Blanca, Huascaran-Nationalpark, Laguna
Llanganuco, Polylepis-Bestand, epilith., 3850 m, 1.X.1982, Schultze-Motel P-118 (B) ; An der
Strasse zwischen Huaraz und Chavin, E Tunnel, an Felsen im Wald, 4520 m, 3.X.1982,
Schultze-Motel P-185 (B).
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8. Grimmia bicolor Herzog in Beih. Bot. Centralbl. 26(2): 66. 1909 (Figs. 8.1-22).
Type : BOLIVIA. Prov. Cochabamba : Auf Felsblöcken im Llavetal, ca. 3600 m,
I.[19]08, Herzog s.n. (Lecto-: JE; syn-: GOET, JE, M under Herzog 4772) (lectotypified by MUÑOZ, 1999a: 131) (Figs. 8.23-25, from Herzog s.n., JE).
 Grimmia subquatricruris Broth. in Biblioth. Bot. 87: 57. 1916.
Type : BOLIVIA : An Felsen beim Huaillattanisee ca. 4900 m, X.1911, Herzog 2973
(Lecto-: H-BR, not seen ; isolecto-: M) (lectotypified and synonymized by MUÑOZ,
1999a: 131) (Figs. 8.26-27, from Herzog 2973, M).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 8.1) to 2.1 mm
long, narrowed at insertion, widening towards broadest part of leaf, strongly sheathing and
hyaline towards broadest part, costa small throughout, percurrent to bluntly denticulate
hair-point ; male : perigonia not seen. Growth form : cushions dense, partly disintegrating,
adhering to substrate with rhizoids, interwoven with young shoots, leaflets (Fig. 8.2)
obtuse, apiculate, concave, sheathing in basal part, apical part of the shoot erect, stems to
12 mm long, plants branched, central strand (Fig. 8.3) developed. Leaves (Figs. 8.4-13)
0.5-1.7 mm long, variable in shape, densely arranged on stem, small at base, becoming
longer towards apical part, there slightly twisting, the cucullate leaf apices curving
inwards, appressed to stem when dry, quickly moving from stem when moistened, erectopatent when wet, from narrowed broad-ovate or ovate leaf base tapering to acute apex, the
apex appears cucullate (Figs. 8.5-6), best seen when the leaf is folded along the axis, hairpoint short or elongate, smooth or bluntly denticulate ; leaf form in situ (Fig. 8.14) concave
from leaf base to transitional part, widely keeled in lower part of lamina, narrowly so in upper
part, margin on one side recurved from insertion to mid-leaf, on opposite side occasionally in
mid-leaf only ; basal cells (Fig. 8.15) near costa elongate-rectangular, becoming shorter
towards margin, at margin some rows of rectangular hyaline cells present, all walls smooth,
in laminal part cells (Fig. 8.16) isodiametric, walls thickened ; seen in transverse section
(Fig. 8.17), leaf base unistratose, above transitional part unistratose with bistratose patches, in
upper laminal part bistratose or bistratose with extended unistratose patches. Costa, seen on
dorsal side (Figs. 8.4, 8.7-13), broadened at insertion, broad to upper laminal part, there
enlarged, seen in transverse section (Fig. 8.17), on dorsal side in leaf base rounded, in laminal
part prominent, on ventral side at insertion and in leaf base widely channelled, in lower laminal part channelled, in apical part narrowly so, at insertion and in leaf base 4-6 guide cells,
in transitional part 4 guide cells, reduced to 2 in apical part, hydroids present throughout.
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Sporophyte. Seta to 1.5 mm long, straight or slightly curved, epidermal cells (Fig. 8.18)
turning to the right, vaginula 0.8 mm long, cylindrical, ochrea small. Capsule erect, ovoid,
smooth, exothecial cells (Fig. 8.19) elongate-rectangular, walls thin, stomata few at base of capsule, neck and air space lacking, annulus of 2-3 rows of rounded cells, hardly detaching. Calyptra
cucullate (Fig. 8.20). Operculum convex, mammillate, base irregular, cells rounded or oval, walls
thick. Peristome (Fig. 8.21) teeth recurved when dry, broad at base, lanceolate, irregularly perforate, separated down to insertion, trabeculae broad throughout, dorsal and ventral upper sides
densely covered with fine papillae, dorsal lower third lesser densely covered, seen in longitudinal
section (Fig. 8.22), teeth inserted at orifice, between exothecium and teeth 2-3 layers of cells
present, outer plates thicker than inner ones, trabeculae close together, prominent throughout,
prostome present. Spores 10-12 μm, finely granulate.
Diagnostic characters.– Gametophyte. Leaves seen in dry state, in apical part of stem
slightly twisted, the cucullate leaf apices turn inwards. Sporophyte. Operculum convex,
mucronate. Peristome inserted at orifice, prostome present.
Comparison of the specimens examined with the type specimen of G. bicolor shows correspondence in leaf shape (Fig. 8.23), cells in leaf base (Fig. 8.24), and costal architecture
(Fig. 8.25).
Argumentation for synonymy.– The type specimen of G. subquatricruris shows correspondence in leaf shape (Fig. 8.26), and costal architecture (Fig. 8.27) with the type specimen of
G. bicolor.
Comments.– The stem apices with the characteristically slightly twisted leaves and the
cucullate apices turning inwards are best seen in well-developed plants.
The shape of the leaf base is variable. In the few specimens available, broad-ovate leaf
bases as well as scarcely widened leaf bases have been observed.
Distribution.– North America: U.S.A. (Colorado). South America: Bolivia.
Habitat and substrate.– On rock near glaciers, in snowbeds, near lakeshores, near
streams; on rock, from 3600 to 5180 m.

Figure 8.– Grimmia bicolor Herzog : 1, perichaetial leaf ; 2, leaflet of young shoot ; 3, transverse section of stem ;
4-13, leaves; 14, outlines of transverse leaf sections; 15, cells in leaf base; 16, cells in laminal part; 17, transverse section of leaf;
18, epidermal cells of seta ; 19, exothecial cells ; 20, calyptra ; 21, peristome teeth, outer side ; 22, peristome tooth, longitudinal
section.
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Specimens examined (3), selected for description : BOLIVIA. Cochabamba : Quillacollo : Cordillera del Tunari, near summit of Cerro Tunari, 17°17’S, 66°23’ W. Cliffs near
summit, 4950-5000 m, 6.VI.1979, Lewis 79-2581 (MO) ; La Paz : Loayza Province. Rio
Atoroma Chuma (Glacier Camp) : Alongside the glaciers of Cerro Jankho Loma which
form the headwaters of the Rio Atoroma Chum, 11 km SE of Viloco, in cliff crack.
16°55’S 67°25’ W, 5180 m, 25.XII.1987, Lewis 87-1879 (MO). U.S.A. Colorado : Clear
Creek County. Arapaho National Forest. Mount Evans, Summit Lake, along the braided
inlet stream west of the lake. On side of a large boulder. 39°35’47”N 105°39’03”W,
12800 f., 7.VIII.2004, Weber B-114307 (MO).

Figure 8. cont.– Grimmia bicolor Herzog: 23, leaf; 24, cells in leaf base; 25, transverse section of leaf; 26, leaf; 27, transverse section of leaf.
[1-2, 14, 18-22, Weber B 114307 (MO) ; 3-5, 15, 17, Herzog 4772 (M - syntype) ; 6-10, Lewis 79-2581 (MO) ; 11-13,
16, Lewis 87-1879 (MO). Analysis of the type specimens: Grimmia bicolor Herzog: 23-25, Herzog s.n. (JE); Grimmia subquatricruris Broth.: 26-27, Herzog 2973 (M)]
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9. Grimmia caespiticia (Brid.) Jur., Laubm.-Fl. Oesterr.-Ung.: 172. 1882 (Figs. 9.1-22).
 Campylopus caespiticius Brid., Muscol. Recent. Suppl. 4: 77. 1818.
Type : SWITZERLAND : St. Bernard, s.d., s.coll. s.n. (Holo-: B) (see CAO & VITT,
1986 : 167) (Figs. 9.23-25, from s.coll. s.n., B, reproduced from GEISSLER & MAIER,
1995: 506).
 Grimmia sulcata Saut. in Flora 24: 39. 1841.
Type: [AUSTRIA]: Alpen Pinzgau, 6000’, s.d., Sauter s.n. (Lecto-: H-SOL; isolecto-: Z)
(lectotypified and synonymized by MUÑOZ, 1998b: 387) (Fig. 9.26, from Sauter s.n.,
H-SOL).
 Grimmia subcaespiticia Schiffn. in Ann. K. K. Naturhist. Hofmus. 27: 490. 1913.
Type : [TURKEY]. Kurdistan : Taurus Cataonicus. In convallibus subalpinis prope
vicum Bekikara inter urbem Malatja et vicum Kjachta, ad rupes. Substrato serpentinico, ca. 1600 m, 18.VII.1910, Handel-Mazzetti [2422] 502 (Lecto-: FH) (lectotypified and synonymized with G. reflexidens Müll. Hal. by MUÑOZ, 1998b : 395)
syn. nov. (Figs. 9.27-28, from Handel-Mazzetti [5422] 502, FH).
 Grimmia pyrenaica Kern in Jahresber. Schles. Ges. Vaterl. Cult. 92(IIb): 38. 1915.
Type: [SPAIN]: Gavarnie: Port de Bourharo, 2280 m, 13.VII.[19]14, Kern s.n. (Lecto-:
WRSL, not seen; isolecto-: JE) (lectotypified and synonymized by BEDNAREK-OCHYRA
& al., 1992: 392) (Figs. 9.29-30, from Kern s.n., JE).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 9.1) to 1.6 mm
long, slightly sheathing, shape scarcely different from stem leaf except broader leaf base, costa
excurrent, hair-point short, smooth, lumina visible, hyaline at lower half, plicate at chlorophyllose upper part ; male : plants in separate cushions or intermingled to female plants,
perigonia bud-shaped, terminal and in leaf axils, innermost perigonial leaf (Fig. 9.2) sheathing, ovate, costa vanishing below muticous, obtuse apex, in leaf base and at margins some
rows of cells hyaline, chlorphyllose cells quadrate, antheridia with paraphyses. Growth form :
cushions dense, adherent to substrate with rhizoids, interwoven with slender young shoots,
leaflets from broad base suddenly narrowed to acute apex, end cell sharply pointed, stems to
15 mm long, plants erect (Fig. 9.3), branched, strongly radiculose at base, with central strand
(Fig. 9.4) well- or weakly developed. Leaves to 1.5 mm long, in lower stem part short, muticous, upper leaves (Figs. 9.5-7) appressed to stem, apices incurved when dry, not bending
backwards but spreading when moistened, erect, stiff when wet, from ovate base lanceolate,
narrowed to acute or obtuse apex, appearing cucullate by inflexed margins, hair-point short,

Figure 9.– Grimmia caespiticia (Brid.) Jur.: 1, perichaetial leaf; 2, perigonial leaf; 3, plant with sporophyte; 4, transverse
section of stem ; 5-7, leaves ; 8, apical cells ; 9, outlines of transverse leaf sections ; 10, cells in leaf base and in transitional
part ; 11, cells in leaf base ; 12, margin in upper leaf part ; 13, transverse section of leaf ; 14, costa, dorsal view in apical part ;
15, epidermal cells of seta ; 16, exothecial cells ; 17, stoma ; 18, operculum ; 19, cells of operculum at base ; 20, peristome teeth,
outer side; 21-22, peristome tooth, longitudinal sections.
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rarely elongate, smooth, lumina in all cases discernible (Fig. 9.8), often only 1 sharp hyaline
cell ; leaf form in situ (Fig. 9.9) leaf base concave, lamina with 2 plicae on each side, margins
plane in leaf base, inflexed in upper laminal part ; basal cells (Figs. 9.10-11), short rectangular, at margin some rows nearly isodiametric, transverse walls thickened, all walls smooth, in
transitional (Fig. 9.10) and laminal part cells isodiametric, walls smooth, seen in surface view
(Fig. 9.12) leaf margins with undulate outlines ; seen in transverse section (Fig. 9.13),
leaf base unistratose, lamina and margins above transitional part bi- to tristratose, exterior
walls dorsally and ventrally mammillose. Costa, seen on dorsal side (Figs. 9.5-7), slightly
weaker at insertion, reaching base of hair-point, enlarged below apical part, outlines mammillose (Fig. 9.14), in some leaves in one or both laminal halves secondary costae (Figs. 9.5-7,
9.10) present, seen in transverse section (Fig. 9.13), costa dorsally prominent, at insertion, in
leaf base and in transitional part rounded, in laminal part strongly rounded, mammillose,
ventrally from insertion to transitional part channelled, in laminal part only narrowly so, in upper
laminal part recessed in furrow, from insertion to transitional part 4 guide cells, in upper part of
leaf 2 guide cells, if hydroids present then a median, central group from insertion to transitional
part, no stereids present.
Sporophyte. Seta (Fig. 9.3) to 3.5 mm long, straight, enlarged at base of capsule, epidermal cells (Fig. 9.15) turning to the right, vaginula 0.6 mm long, short cylindrical, ochrea
small. Capsule emergent, erect, subcylindrical with neck, smooth, exothecial cells (Fig. 9.16)
multiforme, thin-walled, seen in transverse section of capsule, exterior walls slightly bulging,
stomata (Fig. 9.17) few at capsule base, at orifice some rows of transversely rectangular
cells suggesting an annulus. Calyptra (Fig. 9.3) cucullate, small, fugacious. Operculum
(Fig. 9.18) conical, obtuse, base uneven (Fig. 9.19), formed by a row of transversely oval
cells, in conical part cells isodiametric, rounded. Peristome (Fig. 9.20) teeth erect, spreading
or recurved to capsule wall when dry, broad-lanceolate, tapering to entire apex, rarely split or
perforate, separated down to insertion, trabeculae broad, dorsal side in lower half granulose,
upper side finely papillose, ventral side covered with fine papillae, seen in longitudinal section
(Figs. 9.21-22), teeth inserted deeply below orifice, between teeth and exothecium 1 layer
of cells present, outer layer thicker than inner one, trabeculae close together, protruding,
prostome present. Spores 8-10 μm, granulose.
Diagnostic characters.– Gametophyte. Leaves with exterior walls of lamina cells in transverse section mammillose (Fig. 9.13), in surface view cells at margins (Fig. 9.12), the edges
of plicae and on the dorsal side of costa (Fig. 9.14) with undulate outlines. Sporophyte.
Peristome deeply inserted.

Figure 9. cont.– Grimmia caespiticia (Brid.) Jur.: 23, leaf ; 24, cells in leaf base ; 25-26, transverse sections of leaf ;
27, leaf; 28, transverse section of leaf; 29, leaf; 30, transverse section of leaf.
[1, 11, van Melick 990 358 (G, van Melick) ; 2-3, 8, 10, Bertram 405a (Bertram, G) ; 4, 6-7, 9, 13, 16-17, 21, Maier
9231 (G); 5, Maier 11216 (G); 12, 14-15, 18-20, 22, Krisai s.n. (G, Krisai). Analysis of the type specimens: Grimmia caespiticia
(Brid.) Jur.: 23-25, s.coll. s.n. (B) ; Grimmia sulcata Saut.: 26, Sauter s.n. (H-SOL) ; Grimmia subcaespiticia Schiffn.:
27-28, Handel-Mazzetti [2422] 502 (FH); Grimmia pyrenaica Kern: 29-30, Kern s.n. (JE)]
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Comparison of the specimens examined with the type specimen of G. caespiticia shows
correspondence in leaf shape (Fig. 9.23), cells in leaf base (Fig. 9.24), and costal architecture
(Fig. 9.25).
Argumentation for synonymy.– The type specimens of G. subcaespiticia and G. pyrenaica
show correspondence in leaf shape (Figs. 9.27, 9.29) and costal architecture (Figs. 9.28,
9.30) with the type specimen of G. caespiticia. The type specimen of G. sulcata shows correspondence in costal architecture (Fig. 9.26) with the type specimen of G. caespiticia.
Comments.– The male plants are much smaller than the female plants, the perigonia,
seen in the cushion in surface view, appear as markedly swollen, multifoliose buds, their
comal leaves bend together thus covering the androecium.
Distribution.– Asia : Russia (Caucasus). Europe : Austria, France, Germany, Serbia,
Spain, Switzerland.
Habitat and substrate.– On boulders in mountainous grasslands, shores of alpine lakes,
near glaciers; on siliceous rock, from 1800 to 3100 m.
Specimens examined (20), selected for description: AUSTRIA. Vorarlberg : Burtschakopf
südl. Klösterle am Arlberg, ca. 2000 m, 26.VII.1986, Krisai s.n. (G, Krisai). FRANCE.
Cantal : Pas de Bouc vers Plomb du Cantal, montanes Grasland, Blöcke, 28.VII.1998, van
Melick 990 358 (G, van Melick). SWITZERLAND. Bern : Guttannen, Grimselsee, felsiges
Steilufer, Silikatsteinblock, 1940 m, 15.VIII.1987, Bertram 405a (Bertram, G); Valais: Finhaut,
Sur les Conches, Blockfeld Silikatgestein, 1940 m, 20.VII.1994, Maier 9231 (G); Ried, Rieder
Furka, Aletschgebiet, lichter Bergwald, Felsplatte, Silikatgestein, 1830 m, 27.VIII.1997,
Maier 11216 (G).
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10. Grimmia consobrina Müll. Hal., Syn. Musc. Frond. 1: 785. 1849 (Figs. 10.1-16, 39).
Type : [CHILE]: Chile, s.d., Pöppig s.n. (Lecto-: NY; isolecto-: BM) (synonymized
with G. trichophylla Grev. by DEGUCHI, 1984 : 25) (lectotypified and synonymized
with G. trichophylla Grev. by MUÑOZ, 1999a : 176) (Figs. 10.17-19, from Pöppig
s.n., BM).
 Grimmia imberbis Müll. Hal., Syn. Musc. Frond. 1: 788. 1849.
Type : [CHILE]: Chile, s.d., Kze. s.n. (Lecto-: JE) (lectotypified and synonymized
with G. trichophylla Grev. by MUÑOZ, 1999a : 176) syn. nov. (Figs. 10.20-22, from
Kze. s.n., JE).
 Grimmia crispatula Müll. Hal. & Hampe in Linnaea 26: 499. 1853.
Type : [AUSTRALIA. Queensland]: N. Holl. Flinders Range, s.d., s.coll. s.n. (Lecto-:
H-SOL ; syn-: H-SOL) (lectotypified and synonymized with G. trichophylla Grev. by
MUÑOZ, 1999a: 176) syn. nov. (Figs. 10.23-25, from lectotype, s.coll. s.n., H-SOL).
 Grimmia watsonii Lesq. & James, Man.: 140. 1884.
Type: [U.S.A.]. California: Alderney, Marin Co., s.d., Watson s.n. (Lecto-: FH) (lectotypified and synonymized with G. trichophylla Grev. by MUÑOZ & PANDO, 2000: 78)
syn. nov. (Fig. 10.26, from Watson s.n., FH).
 Grimmia subcallosa Müll. Hal. in Hedwigia 37: 161. 1898.
Type : AUSTRALIA. Victoria : Mt. Cole, (Pyrenees), XI.1882, Sullivan 104 (Lecto-:
MEL, lectotypified here) syn. nov. (Fig. 10.27, from Sullivan 104, MEL).
 Grimmia flexifolia R. Br. bis in Trans. & Proc. New Zealand Inst. 27: 417. 1895 [non
Hampe in Linnaea 30: 632. 1860].  G. brownii Paris, Index Bryol. Suppl. 1 :
172. 1900.
Type : [NEW ZEALAND]: Mt. Torlesse, North Canterbury, N.Z., I.1886, R. Brown
ter s.n. (Lecto-: BM) (lectotypified and synonymized with G. trichophylla Grev. by
MUÑOZ & PANDO, 2000: 79) syn. nov. (Figs. 10.28-30, from Brown ter s.n., BM).
 Grimmia macropulvinata Dusén in W. B. Scott, Rep. Princeton Univ. Exped.
Patagonia 8 : 78. 1903.
Type : [ARGENTINA]: Patagonia austr. [Verisimiliter] In territorio fontinali fluminis
Rio Chico in saxis, s.d., Hatcher P. 104 (Lecto-: S ; isolecto-: FH, NY) (lectotypified
by MUÑOZ, 1999a : 176) (synonymized with G. trichophylla Grev. by DEGUCHI,
1984: 25) syn. nov. (Figs. 10.31-33, from Hatcher P. 104, S).
 Grimmia flexicaulis var. dicksonii Dusén in Bot. Not. 1905: 303. 1905.
Type : [CHILE]: Patagonia, in valle fluminis Aisén in rupibus, 11.II.1897, Dusén s.n.
(Lecto-: S ; iso-: FH) (lectotypified and synonymized with G. trichophylla Grev. by
DEGUCHI, 1984: 25) syn. nov. (Figs. 10.34-35, from Dusén s.n., S).
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 Grimmia gusindei J. Froehl. in Ann. Naturhist. Mus. Wien 59: 117. 1953.
Type : [CHILE]: Fuegia : Canal Beagle, II.1922, Gusinde 359 (Lecto-: S) (lectotypified and synonymized with G. trichophylla Grev. by MUÑOZ, 1999a : 176) syn. nov.
(Figs. 10.36-38, from Gusinde 359, S).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 10.1) to 3 mm
long, tubulose, sheathing to shoulder, suddenly narrowed to subulate apical part, hyaline to
shoulder, cells at shoulder with thickened, often nodulose walls, costa thin, enlarged
in chlorophyllose subulate part, excurrent into bluntly denticulate hair-point, occasionally a
second, less well-developed perichaetial leaf is present; male : plants in separate cushions, stem
leaves mostly muticous, perigonia in multifoliose buds, terminal and in leaf axils, several on a
stem, innermost perigonial leaf (Fig. 10.2) 0.6-0.9 mm long, sheathing, concave, large, apex
obtuse, hyaline to apical part, costa thin, ending below apex, antheridia numerous, with paraphyses. Growth form : cushions dense, adherent to substrate, stems to 14 mm long, capsule
bearing plants reaching to 25 mm long, plants radiculose at base (Fig. 10.3), ascending,
weakly branched, in lower stem part leaves often rotten, central strand (Fig. 10.4) weak,
cortical cells thin-walled, epidermis of 2 rows of thick-walled cells. Leaves (Fig. 10.5) 1.53.0 mm long, becoming longer towards stem tip, of irregular length in capsule bearing plants,
imbricate, loosely arranged and slightly turned around the stem, apices spreading when dry,
older leaves quickly bending backwards when moistened, younger ones only slowly so, patent
to patulous when wet, in comal tuft patulous, from elongate-ovate, at insertion slightly narrowed, decurrent, auriculate leaf base (Fig. 10.7) tapering to acuminate apex, muticous or
with very short or elongate, bluntly denticulate hair-point, falcate or symmetric (Figs. 10.5,
10.20), development of propagules occurs on dorsal side of lamina in transitional part,
destroying lamina cells ; leaf form in situ (Fig. 10.6) at insertion and in leaf base concave,
lower laminal part keeled, upper part narrowly so, margin recurved on one side from insertion
to mid-leaf ; basal paracostal cells (Fig. 10.7) elongate-rectangular, walls smooth or nodulose,

0.1 mm
4, 7-10, 13-16, 27

0.4 mm
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1 mm
1-2, 5, 11-12

Figure 10.– Grimmia consobrina Müll. Hal.: 1, perichaetial leaf ; 2, perigonial leaf ; 3, plant with sporophyte ; 4, transverse section of stem ; 5, leaf ; 6, outlines of transverse leaf sections ; 7, cells in leaf base ; 8, cells in transitional part of leaf ;
9, transverse section of leaf ; 10, exothecial cells ; 11, calyptra ; 12, operculum ; 13, cells of operculum at base ; 14, peristome,
outer side; 15, peristome tooth, longitudinal section; 16, transverse section of leaf; 27, transverse sections of leaf.
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towards margin several rows of short-rectangular or nearly quadrate cells with smooth or nodulose walls, at margin 2-3 rows of short- to elongate-rectangular, smooth-walled hyaline
cells, vanishing in transitional part or slightly above it, cells in transitional part and lower half of
lamina (Fig. 10.8) rectangular with sinuose walls, in upper half nearly isodiametric, lumina
irregular, oval or rounded ; seen in transverse section (Fig. 10.9), leaf unistratose throughout,
rarely bistratose in laminal part (Fig. 10.16), at margin from above insertion to below apical
part 1 row of cells bistratose, in apical part 2 or more rows bistratose. Costa, seen on dorsal side
(Fig. 10.5), from insertion to broadest part of leaf strikingly small and thin, becoming stout and
prominent in apical part, excurrent into hair-point, seen in transverse section (Fig. 10.9), on
dorsal side flat at insertion, weak, rounded from leaf base to apex, on ventral side upto upper
laminal part channelled, narrowly so in apical part, at insertion 4 guide cells, the 2 outer ones
contiguous with the basal cells, from leaf base to apex 2 guide cells, a band of stereids, in upper
laminal part a group of hydroids or substereids, in smaller plants stereids present throughout.
Sporophyte. Seta (Fig. 10.3) 3.5 mm long, straight in dry state, arcuate in wet state,
epidermal cells (Fig. 10.39) in lower part arranged parallel to axis, in upper part turning to
the right, vaginula 0.8 mm long, cylindrical, with ochrea. Capsule obloid, ribbed, pendent or
horizontal, neck well-developed, exothecial cells (Fig. 10.10) elongate of irregular shape, walls
thin, seen in transverse section of capsule, exterior walls smooth, stomata numerous in
2 rows at neck, annulus of 3 or 4 rows of cells, detaching as spirals. Calyptra (Fig. 10.11)
conical, mitrate, lobed, covering operculum. Operculum (Fig. 10.12) conical, rostrate, beak
straight or slightly oblique, base smooth (Fig. 10.13), formed by 2 or 3 rows of thin-walled,
rounded cells, in conical part cells elongate-rectangular, thin-walled. Peristome (Fig. 10.14)
teeth erect when dry, lanceolate, in upper part split into 2 small divisions, lower half more or
less perforate, separated down to the lowest plates, trabeculae broad throughout, on dorsal
side the lowest plates nearly smooth or with few fine papillae, the subsequent plates densely
covered with fine papillae, apices rarely with rounded papillae, the ventral plates covered with
fine papillae, seen in longitudinal section (Fig. 10.15), teeth inserted deeply below orifice,
1 or 2 layers of cells between exothecium and teeth present, dorsal plates thicker than ventral
plates, trabeculae distant, strongly protruding, occasionally a weakly developed prostome
present. Spores 11-16 μm, finely granulose.
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1 mm
17, 20, 36

Figure 10. cont.– Grimmia consobrina Müll. Hal.: 17, leaf; 18, cells in leaf base; 19, transverse section of leaf; 20, leaf;
21, cells in leaf base ; 22, transverse section of leaf ; 26, transverse sections of leaf ; 36, leaf ; 37, cells in leaf base ; 38, transverse
section of leaf.
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Diagnostic characters.– Gametophyte. Costa in leaf base strikingly thin and small, in
laminal part stout, in upper laminal part with hydroids or substereids. Sporophyte. Capsule
with well-developed neck. Peristome trabeculae broad, distant, protruding.
Comparison of the specimens examined with the type specimen of G. consobrina shows
correspondence in leaf shape (Fig. 10.17), cells in leaf base (Fig. 10.18), and costal architecture (Fig. 10.19).
Argumentation for synonymy.– The type specimens of G. imberbis, G. crispatula, G. brownii,
G. macropulvinata and G. gusindei show correspondence in leaf shape (Figs. 10.20, 10.23,
10.28, 10.31, 10.36), cells in leaf base (Figs. 10.21, 10.24, 10.29, 10.32, 10.37), and
costal architecture (Figs. 10.22, 10.25, 10.30, 10.33, 10.38) with the type specimen of
G. consobrina. The type specimen of G. flexicaulis var. dicksonii shows correspondence in leaf
shape (Fig. 10.34), and costal architecture (Fig. 10.35) with the type specimen of G. consobrina. The type specimens of G. watsonii and G. subcallosa show correspondence in costal
architecture (Figs. 10.26, 10.27) with the type specimen of G. consobrina.
Comments.– The costa, strikingly thin at the insertion and prominent in the lamina
part, is a unique feature within the genus Grimmia. The auriculate leaf base is best seen in
well-developed leaves. The alar cells are fragile so the leaves should be taken off carefully one
by one. In rare cases the upper part of lamina may be bistratose (Fig. 10.16). Cushions
composed of plants with leaves predominantly muticous (Fig. 10.20), have been described as
G. imberbis.
MUÑOZ & PANDO (2000: 78) list G. consobrina as a synonym of G. trichophylla.
The comparison of the type specimen of G. consobrina with that of G. trichophylla shows
differences in the costal architecture (Figs. 10.19, 50.27), the cell pattern in the leaf base
(Figs. 10.18, 50.26), and the structure of the peristome teeth (Figs. 10.14, 50.19-21).

0.1 mm

1 mm

24-25, 29-30, 32-33,
35, 39

23, 28, 31, 34

Figure 10. cont.– Grimmia consobrina Müll. Hal.: 23, leaf; 24, cells in leaf base; 25, transverse sections of leaf; 28, leaf;
29, cells in leaf base ; 30, transverse section of leaf ; 31, leaf ; 32, cells in leaf base ; 33, transverse section of leaf ; 34, leaf ;
35, transverse section of leaf; 39, epidermal cells of seta.
[1-4, 6, 9, 14, 39, Santesson M 150 (G) ; 5, 7-8, 10-13, 15, Looser 2450 (G) ; 16, Stone 2176 (MEL). Analysis of the
type specimens : Grimmia consobrina Müll. Hal.: 17-19, Pöppig s.n. (BM) ; Grimmia imberbis Müll. Hal.: 20-22, Kze. s.n. (JE) ;
Grimmia crispatula Müll. Hal. & Hampe : 23-25, s.coll. s.n. (H-SOL) ; Grimmia watsonii Lesq. & James : 26, Watson s.n. (FH) ;
Grimmia subcallosa Müll. Hal.: 27, Sullivan 104 (MEL) ; Grimmia brownii Paris : 28-30, Brown ter. s.n. (BM) ; Grimmia macropulvinata Dusén : 31-33, Hatcher P. 104 (S) ; Grimmia flexicaulis var. dicksonii Dusén : 34-35, Dusén s.n. (S) ; Grimmia gusindei
J. Froehl.: 36-38, Gusinde 359 (S)]
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At insertion and in leaf base the costa of G. consobrina (Fig. 10.9) is markedly small and thin,
with 1 row of 4 ventral cells, the 2 outer ones contiguous with the basal cells, whilst in G. trichophylla (Figs. 50.10-11) in the same place, the costa is rounded, with 4 ventral cells belonging entirely to the costa, on the dorsal side a second layer of 1-3 cells that are smaller than the
guide cells but larger than the other costal cells is present. In the laminal part of G. consobrina
the costal cells are differentiated, often with hydroids, in the laminal part of G. trichophylla,
however, the costal cells are rather uniform. In G. consobrina, the basal paracostal
cells (Fig. 10.7) are nodulose, towards the margin the cells are quadrate or short rectangular,
3 or 4 rows may be hyaline, in G. trichophylla (Fig. 50.7) the basal cells are nearly uniformly
elongate-rectangular, are never hyaline, near the costa they have rounded ends, and the
cell walls are smooth. The longitudinal sections of capsules in G. consobrina (Fig. 10.15)
show 1-2 layers of cells between the exothecium and the teeth, whilst G. trichophylla
(Figs. 50.23-24) has 2-3 cell layers between the exothecium and the teeth. Based on these
differences it is justified to consider G. consobrina an independent taxon rather than a synonym
of G. trichophylla.
Distribution.– Africa : South Africa. Central America : Costa Rica. Australia : Australia,
New Zealand, Queensland, Victoria. North America : U.S.A. (California), Mexico. South
America: Argentina, Bolivia, Chile, Ecuador.
A specimen of G. trichophylla from New Zealand, kept in GOET, and series of G. trichophylla specimens from Australia, and from Southern Chile, housed in MEL and in
G respectively, turned out to be G. consobrina. See comments under 50. G. trichophylla.
Habitat and substrate.– In dry or shady places, in pine forests, near rivers; siliceous rock,
sandstone, rarely on bark, from 100 to 4100 m.
Specimens examined (65), selected for description : AUSTRALIA. Victoria : Snowfields, above Pretty Valley Pond, Bogong High Plains, 36°54’S 147°13’E, V 47, 30.XII.
1969, Stone 2176 (MEL). CHILE. Valparaiso : Acancagua. Limache, 10.IV.1932, Looser
2450 (G) ; Valparaiso, Alto del Puerto. On a block of stone on a rivulet, 18.VIII.1940,
Santesson M 150 (G).
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11. Grimmia crinita Brid., Muscol. Recent. Suppl. 1 : 95. 1806 [nom. cons., in Taxon 51 :
794. 2002] (Figs. 11. 1-24).
Type : [SWITZERLAND]: avril 02, Roger s.n. (Lecto-: B [Herb. Bridel, No. 119])
(lectotypified by GEISSLER & MAIER, 1995: 499) (Figs. 11.25-27, from Roger s.n., B).
 Dicranum phascoidum P. Beauv., Prodr. Aethéogam.: 54. 1805.
Type : [FRANCE]: Dicranum phascoides P.–B-., s.d., s.coll. s.n. (Lecto-: G [isolectoon label, G]) (lectotypified and synonymizied by MUÑOZ & PANDO, 2000: 24)
(Figs. 11.28-29, from s.coll. s.n., G).
 Grimmia capillata De Not. in Mem. Reale Accad. Sci. Torino 39 : 248. 1836.
 Grimmia crinita var. capillata (De Not.) De Not., Syllab. Musc.: 240. 1838.
Type : ITALY. Sardinia : Grimmia capillata De Not. ad muros in Sardinia australi,
1835, De Notaris s.n. (Lecto-: RO, lectotypified here) syn. nov. (Figs. 11.30-32, from
De Notaris s.n., RO).
 Grimmia mairei Cardot & Copp. in Bull. Soc. Bot. France 58: 500. 1911.
Type : [ALGERIA]: Sahara algérien, Beni-Ounif, 9.IV.[19]06, Maire s.n. (Lecto-: PC)
(lectotypified and synonymized with G. capillata De Not. by MUÑOZ & PANDO,
2000: 23) syn. nov. (Figs. 11.33-34, from Maire s.n., PC).
 Grimmia mesopotamica Schiffn. in Ann. K. K. Naturhist. Hofmus. 27: 488. 1913.
Type : [IRAQ]: Ad confines Mesopotamiae et Arabia borealis : Ad Euphratem
medium inter Abukemal et Ramadi, in desertis infra oppidum Hit. Substrato gybsacco ; ca. 120-180 m, 10.IV.1910, Handel-Mazzetti [844] 154 (Lecto-: FH) (lectotypified and synonymized with G. capillata De Not. by MUÑOZ & PANDO, 2000: 23)
syn. nov. (Figs. 11.35-36, from Handel-Mazzetti [844] 154, FH).
 Grimmia capillata var. calva J. Amann in E. Bauer, Musci Eur. & Amer. Exsicc.:
n° 1915. 1927 [in sched.].
Type : FRANCE : Aix-en-Provence, an Mauern der Route d’Avignon, 31.V.1926,
Amann 1915 (Lecto-: MA, not seen; isolecto-: JE) (lectotypified and synonymized with
G. capillata De Not. by MUÑOZ & PANDO, 2000: 23) syn. nov. (Figs. 11.37-39, from
Amann 1915, JE).
 Grimmia crinita var. libani Bizot in Rev. Bryol. Lichénol. 13: 51. 1942.
Type : LEBANON. Katana : Beirut, 4.IX.1932, Nickles 5974 (Holo-: PC) (synonymized by MUÑOZ & PANDO, 2000: 24) (Figs. 11.40-41, from Nickles 5974, PC).

Figure 11. (p. 96).– Grimmia crinita Brid.: 1, perichaetial leaf; 2, perigonial leaf; 5, transverse section of stem; 6, leaves; 7,
outlines of transverse leaf sections ; 8-9, cells in leaf base ; 10, cells in transitional part ; 11-13, transverse sections of leaf ;
14, capsule, operculate; 15, capsules, deorpeculate; 17, exothecial cells; 19, calyptra; 20, operculum; 21, cells of operculum at base.

Grimmia crinita

95

96

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

19

2

13

5

13

9

8

15
12

15
14
6

21

11

20
12

6

7

1

17

0,1 mm
5, 8-13, 17, 21

0,4 mm
7

10

1 mm
1-2, 6, 14-15, 19-20

Grimmia crinita

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

23

25

24
18

31

37
22

26

30

37

25

27

3
40

39

1 mm

38
39
1 mm

4
0,1 mm
16, 18, 22-24, 26-27,
31, 38-39

Grimmia crinita

1 mm
25, 30, 37, 40

27

16

97

98

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

Gametophyte. Monoicous. Female : innermost perichaetial leaf (Fig. 11.1) to 2.5 mm
long, sheathing to apical part, concave throughout, shape as in stem leaves, at margin some
rows of elongate-rectangular, hyaline cells present, vanishing at broadest part of leaf, costa
excurrent into elongate, nearly smooth hair-point ; male : perigonia on subperichaetial
branches as buds on short stalks, innnermost perigonial leaf (Fig. 11.2) 0.6 mm long, sheathing, ovate, leaf base hyaline, at margin some rows of hyaline cells vanishing in apical part,
costa percurrent, antheridia with few paraphyses. Growth form : cushions dense, adherent
to substrate with rhizoids, disintegrating easily, of lustrous grey colour caused by long
hair-points pointing in the same direction, stems to 10 mm long, plants branched, erect
(Fig. 11.3) or prostrate (Fig. 11.4), central strand (Fig. 11.5) well-developed. Leaves
(Fig. 11.6) to 1.5 mm long, lower leaves crowded, muticous, apex rounded, upper leaves
imbricate, appressed to stem when dry, scarcely moving when moistened, erectopatent when
wet, obovate, leaf base markedly narrowed at insertion, greatest width above mid-leaf, tapering to rounded apical part which is hyaline to variable extent, hair-point short to elongate,
faintly denticulate, lumina of hyaline cells distinct ; leaf form in situ (Fig. 11.7) at base concave, laminal part keeled, margins plane or slightly recurved in upper part of leaf ; basal cells
(Figs. 11.8-9) elongate-rectangular, broad, walls smooth, at margin some cell rows shortrectangular to quadrate, transverse walls thickened, smooth, in transitional part (Fig. 11.10)
and upper laminal part cells short-rectangular or isodiametric, walls sinuose or nearly smooth,
thickened ; seen in transverse sections (Figs. 11.11-13), lamina and margin unistratose.
Costa, seen on dorsal side (Fig. 11.6), weak at lower part of leaf, becoming somewhat
stronger in apical part, passing through hyaline apical part, excurrent into hair-point, in muticous leaves vanishing below apex, seen in transverse sections (Figs. 11.11-13), on dorsal
side at insertion, in leaf base and in transitional part rounded, in laminal part strongly so, on
ventral side channelled, at insertion, in leaf base and in lower laminal part 4 guide cells, the 2
outer ones contiguous with the basal cells, in upper laminal part 2 guide cells, a median, central
group of hydroids, in upper part transformed to few substereids.

Figure 11. cont. (p. 97).– Grimmia crinita Brid.: 3, plant, erect, with sporophyte ; 4, plant, prostrate, with sporophyte ;
16, epidermal cells of seta, 18, stoma; 22, peristome teeth, outer side; 23-24, peristome teeth, longitudinal sections; 25, leaves;
26, cells in leaf base; 27, transverse section of leaf; 30, leaf; 31, cells in leaf base; 37, leaves; 38, cells in leaf base; 39, transverse
section of leaf; 40, leaf.

Figure 11. cont. (p. 99).– Grimmia crinita Brid.: 28, leaf ; 29, transverse section of leaf ; 32, transverse section of leaf ;
33, leaf; 34, transverse section of leaf; 35, leaf; 36, transverse section of leaf; 41, transverse section of leaf.
[1-2, 10, 12, Lübenau s.n. (G); 3-5, 14-15, Maier 7972 (G); 6-8, 11, Maier 6677 (G); 9, 13, De Notaris (RO); 16, 1920, 22-23, Lübenau s.n. (G); 17-18, 21, van Melick 900 807 (G, van Melick); 24, Greter s.n. (NMLU). Analysis of the type specimens: Grimmia crinita Brid.: 25-27, Roger s.n. (B); Dicranum phascoidum P. Beauv.: 28-29, s.coll. s.n. (G); Grimmia crinita var.
capillata (De Not.) De Not.: 30-32, De Notaris s.n. (RO) ; Grimmia mairei Cardot & Copp.: 33-34, Maire s.n. (PC) ; Grimmia
mesopotamica Schiffn.: 35-36, Handel-Mazzetti [844] 154 (FH) ; Grimmia capillata var. calva J. Amann : 37-39, Amann 1915
(JE); Grimmia crinita var. libani Bizot: 40-41, Nickles 5974 (PC)]
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Sporophyte. Seta (Figs. 11.14-15) 0.8 mm long, arcuate, epidermal cells (Fig. 11.16)
parallel to axis, turning to the right below capsule, vaginula 0.6 mm long, cylindrical, with
ochrea. Capsules (Figs. 11.14-15) immersed, slightly inclined or horizontal, ovoid, ventricose, after dehiscence constricted, shrivelled, exothecial cells (Fig. 11.17) multiform, mostly
elongate, walls thin, seen in transverse section of capsule, exterior walls smooth, stomata
large (Fig. 11.18), numerous at capsule base, neck lacking, spore sac on short stalk creating a
small air space at capsule base, annulus of 4 rows of cells, persisting even in nearly decomposed capsules, only the distal row detaching as single cells. Calyptra (Fig. 11.19) cucullate.
Operculum (Fig. 11.20) conical, beak short, obtuse, base uneven (Fig. 11.21), formed by
a row of rounded cells, in conical part cells irregularly shaped, walls smooth. Peristome
(Fig. 11.22) teeth erect, split into 2 or 3 fine divisions, perforate, separated down to insertion, trabeculae thin, dorsal side densely covered with long, fine papillae, lowest plates
smooth, hidden by persistent annulus, ventral side covered with fine papillae, seen in longitudinal sections (Figs. 11.23-24), teeth inserted at orifice, incurved to capsule wall, 2 layers of
cells between exothecium and teeth present, their inner and outer plates of the same thickness, trabeculae distant, scarcely protruding. Spores 10-12 μm, smooth.
Diagnostic characters.– Gametophyte. Leaves from strongly narrowed base widened to
broadest part above mid-leaf, margins plane, unistratose. Sporophyte. Seta short, curved.
Capsule with persistent annulus. Peristome seen in longitudinal sections (Figs. 11.23-24),
inserted at rim and incurved to capsule wall, a unique feature within Grimmia.
Comparison of the specimens examined with the type specimen of G. crinita shows correspondence in leaf shape (Fig. 11.25), cells in leaf base (Fig. 11.26), and costal architecture
(Fig. 11.27).
Argumentation for synonymy.– The type specimens of G. crinita var. capillata and G. capillata
var. calva show correspondence in leaf shape (Figs. 11.30, 11.37), cells in leaf base
(Figs. 11.31, 11.38), and in costal architecture (Figs. 11.32, 11.39) with the type specimen
of G. crinita. The type specimens of Dicranum phascoidum, G. mairei, G. mesopotamica and
G. crinita var. libani show correspondence in leaf shape (Figs. 11.28, 11.33, 11.35, 11.40)
and costal architecture (Figs. 11.29, 11.34, 11.36, 11.41) with the type specimen of G. crinita.
Comments.– The typical grey colour of this species is due to long hair-points that point in
the same direction. This appearance is known from European plants that grow at low altitude as
xerophytes in vineyards, nearly exclusively on the vertical side of mortar-covered concrete walls.
Under arid conditions and growing imbedded in decaying substrate, the plants have muticous
leaves or develop very short hair-points, hence they have a dark green colour.
Remarks on the differences between G. mesopotamica and G. crinita are given in GUERRA
& al. (1993 : 245). The name G. crinata was conserved, see ZIJLSTRA (2002) based on a proposal by MUÑOZ (2000b).
Distribution.– Africa : Algeria, Tunisia. Asia : China, Iraq, Lebanon, Pakistan, Syria.
Europe : France, Germany, Italy, Spain including the Canary Islands (Tenerife), Switzerland.
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Habitat and substrate.– In river valleys, in vineyards, on vertical faces of walls covered
with mortar, alluvial deposits, limestone, loess, siliceous boulders, at altitudes of between 50
to 3150 m.
Specimens examined (30), selected for description : FRANCE. L’Hérault : Montpellier,
Mauer, Kalksteine, Mörtel, 14.IV.1952, Greter s.n. (NMLU). GERMANY. Baden-Württemberg: Weinsberg, Burg, Mauer, Innenseite, SW-Exposition, 29.X.1997, Lübenau s.n. (G, Lübenau). ITALY. Sardinia: Cagliari, ad muros, vere, 1835, De Notaris s.n. (RO). SPAIN. Saragossa:
Sandstonerock along the river Ebro, 7.V.1990, van Melick 900 807 (G, van Melick). SYRIA.
Qasr: Al Heir As-Sharq, über Blöcken der ehemaligen Handelsstrasse, 450 m, 16.III.2001, Lübenau s.n. (G, Lübenau). SWITZERLAND. Vaud : Rivaz, Stützmauer Strasse, N-Exposition,
Beton, Mörtel, 385 m, 8.IV.1992, Maier 6677 (G) ; Chexbres, Weinbergmauer, Mörtel, SWExposition, 480 m, 30.IV.1993, Maier 7972 (G).

12. Grimmia decipiens (Schultz) Lindb. in Hartm., Handb. Skand. Fl. ed. 8 : 386. 1861
(Figs. 12.1-29).
 Trichostomum decipiens Schultz, Prodr. Fl. Starg. Suppl.: 70. 1819.
Type : [GERMANY]: ad saxa granitosa Duc. Megapol. Stargard, 24.VI.1811, Schultz
s.n. (Lecto-: G) (lectotypified by GEISSLER & MAIER, 1995 : 499) (Figs. 12.30-32,
from Schultz s.n., G, reproduced from GEISSLER & MAIER, 1995: 507).
 Grimmia arcuatifolia Kindb. in Bull. Torrey Bot. Club 16: 93. 1889.
Type : [CANADA] British Columbia : On dry rocks, Mount Tolmie. Near Victoria,
V.I., 21.IV.1887, Macoun s.n. (Lecto-: CANM) (lectotypified by MUÑOZ, 1999b : 7)
syn. nov. (Figs. 12.33-35, from Macoun s.n., CANM).
 Grimmia pachyphylla Leiberg in Bull. Torrey Bot. Club 20: 113. 1893 [non Müll. Hal. in
Flora 68: 422. 1885].  G. leibergii Paris, Index Bryol. 2: 528. 1895.
Type : [U.S.A.]: Kootenai Co., Idaho, 1892, Leiberg 250 (Holo-: US, not seen ;
iso-: NY) (synonymized by SAYRE, 1952: 258) (Figs. 12.36-38, from Leiberg 250, NY).
 Racomitrium alternuatum Müll. Hal. & Kindb. in Macoun, Cat. Canad. Pl., Musci :
73. 1892.  Grimmia alternuata (Müll. Hal. & Kindb.) Kindb., Eur. N. Amer.
Bryin. 2: 228. 1897.
Type : [CANADA] British Columbia : Along the C.P.R’y at the summit of Roger’s
Pass, Selkirk Mountains, 6.VIII.1890, Macoun 524 (Lecto-: FH) (lectotypified
and synonymized with G. arcuatifolia Kindb. by M UÑOZ , 1999b : 7) syn. nov.
(Figs. 12.39-41, from Macoun 524, FH).
Figure 12. (p. 102).– Grimmia decipiens (Schultz) Lindb.: 1, perichaetial leaf ; 2, plant with sporophyte ; 3, transverse
section of stem ; 4, leaf ; 7, outlines of transverse leaf sections ; 8, cells in leaf base ; 11, cells in transitional part ; 13, transverse
section of leaf ; 20, exothecial cells ; 21, stoma ; 22, calyptra ; 23, operculum ; 24, cells of operculum at base ; 28-29, peristome
teeth, longitudinal sections.
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 Grimmia hartmanii var. fastigiata Thér. & Mong. in Bull. Soc. Agric. Sarthe 1899 :
135. 1899.
Type : [FRANCE. Sarthe]: St. Victeur (Sarthe), rochers, 24.X.1893, Monguillon s.n.
(Lecto-: PC [herb. Thériot], lectotypified here) syn. nov. (Figs. 12.42-44, from
Monguillon s.n., PC).
 Grimmia jacutica Ignatova & al. in Arctoa 12: 6. 2003.
Type: RUSSIA. Republic Sakha/Yacutia, Tomponskij District: Tuculan River upper
course, near Temirdaeaekh Creek mouth. Ravine of the peak 1009 m, N-facing slope,
rock-field, among epilitic [sic] lichens, 6.IX.1990, Akimova s.n. (Holo-: MW) syn. nov.
(Figs. 12.45-47, from Akimova s.n., MW).
Gametophyte. Monoicous. Female : innermost perichaetial leaf (Fig. 12.1) to 2.6 mm
long, sheathing to broadest part, from narrow, elongate base constricted to slender, elongate,
acuminate apex, costa excurrent into long, denticulate hair-point ; male : perigonia as multifoliose buds on short stalks in leaf-axils below perichaetium, innermost perigonial leaf to
1.2 mm long, sheathing to broadest part of leaf, concave or sharply keeled, from broad, ovate
base narrowed to muticous, apiculate apex, lamina cells hyaline except at leaf-tip, costa strong,
percurrent, antheridia with few paraphyses. Growth form : cushions lax, disintegrating, stems
to 40 mm long, plants radiculose at base, erect or ascending, branched, (Fig. 12.2), central
strand (Fig. 12.3) more or less well-developed or lacking. Leaves (Figs. 12.4-6) to 3.2 mm
long, loosely arranged on stem with apices slightly spreading when dry, crowded on stem-tip,
bending backwards when moistened, spreading, or upper part of leaf patent when wet, from
elongate, decurrent leaf base lanceolate, falcate, rarely symmetric, tapering to acute apex, hairpoint short to elongate, sharply denticulate, decurrent in apical part as a border of 2 rows of
elongate thick-walled cells, distally protruding; leaf form in situ (Fig. 12.7) at insertion and in
leaf base concave on one side, on opposite side plicate, in laminal part keeled to narrowly
keeled, margin revolute on one side to mid-leaf, on opposite side recurved, upper leaf margins
plane ; basal paracostal cells (Figs. 12.8-10) strongly elongate-rectangular, walls thick, nodulose, or thin and nearly smooth, towards margin a sharply contrasting band of several rows of
short-rectangular and quadrate cells present, walls thick, smooth, hyaline, suggestive of an

Figure 12. cont. (p. 103).– Grimmia decipiens (Schultz) Lindb.: 5-6, leaves; 14-15, transverse sections of leaf; 19, epidermal cells of seta; 25, peristome teeth, outer side; 26-27, peristome teeth, longitudinal sections.
Figure 12. cont. (p. 105).– Grimmia decipiens (Schultz) Lindb.: 9-10, cells in leaf base ; 12, cells in transitional part ;
16-18, transverse sections of leaf.
Figure 12. cont. (p. 106).– Grimmia decipiens (Schultz) Lindb.: 30, leaf ; 31, cells in leaf base ; 32, transverse section of
leaf; 36, leaf; 37, cells in leaf base; 38, transverse section of leaf.
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auricle, the hyaline cells disappearing gradually towards broadest part of leaf, in transitional
part (Figs. 12.11-12) cells rectangular, becoming shorter in laminal part, walls sinuose, at
leaf-tip margin faintly denticulate due to protruding cell ends of the decurrent hair-point ;
seen in transverse sections (Figs. 12.13-18), lamina unistratose, bistratose in places, margin
unistratose in leaf base, in laminal part some marginal rows of cells bistratose. Costa, seen on
dorsal side (Figs. 12.4-6), stout, from leaf base to upper third of leaf of uniform width,
diminishing gradually to apex, excurrent, seen in transverse sections (Figs. 12.13-18), dorsally at insertion and in leaf base broadly rounded, in lower laminal part rounded, from upper
laminal part to apical part more or less reniform, slightly angulate or uneven, rounded at
apex, ventrally at insertion and in leaf base widely channelled, channelled in lower laminal
part, narrowly channelled in upper laminal part, keeled in apical part, at insertion and in leaf
base 6, rarely 8 guide cells, gradually reduced to 4 guide cells in lower laminal part, and to 2
guide cells in upper laminal part, from insertion to upper laminal part a median band of
stereids or substereids, if hydroids present then only at insertion and in leaf base, transforming
to stereids in lower laminal part.
Sporophyte. Seta (Fig. 12.2) to 3 mm long, arcuate, epidermal cells (Fig. 12.19)
arranged parallel to axis, vaginula 1.1 mm long, cylindrical, ochrea indistinct. Capsule emergent, inclined to pendulous, ellipsoid, ribbed, exothecial cells (Fig. 12.20) rectangular
or quadrate, walls thin, seen in transverse section of capsule, exterior walls smooth, with
few stomata (Fig. 12.21) at short neck, annulus of 4 rows of cells detaching spirally as
fragments. Calyptra (Fig. 12.22) mitrate, covering operculum and upper part of capsule.
Operculum (Fig. 12.23) conical, subulate, beak straight, base smooth (Fig. 12.24), formed
by 3-4 rows of isodiametric cells, in conical part cells elongate-rectangular. Peristome
(Fig. 12.25) teeth erect when dry, elongate-lanceolate, perforate or split into 2 divisons down
to about half of their length, separated in pairs down to the lowest plates, trabeculae in lower
part small, in upper part broad, on dorsal side the 3 or 4 lowest dorsal plates smooth hidden
by prostome, the subsequent plates densely covered with rough papillae, ventral side covered
with rough papillae, seen in longitudinal sections (Figs. 12.26-29), teeth inserted below orifice, between exothecium and teeth 1 layer of cells present, dorsal plates thicker than ventral
plates, trabeculae distant, in lower part indistinct, in middle part distinctly protruding, in
upper part indistinct, prostome present. Spores 12-15 μm, granulose.

Figure 12. cont. (p. 107).– Grimmia decipiens (Schultz) Lindb.: 33, leaf ; 34, cells in leaf base ; 35, transverse section
of leaf; 39, leaf; 40, cells in leaf base; 41, transverse section of leaf.
Figure 12. cont. (p. 109).– Grimmia decipiens (Schultz) Lindb.: 42, leaves ; 43, cells in leaf base ; 44, transverse section
of leaf; 45, leaf; 46, cells in leaf base; 47, transverse section of leaf.
[1, 4-5, 7-8, 11, 27, Maier 6880 (G); 2, 19, 29, Levrier s.n. (G); 3, 20-26, Widmer s.n. (G, NMLU); 6, 10, 12, 18, Branscomb & Greenman 22862 (MO) ; 9, 16, Monguillon s.n. (COLO) ; 13, Siegel s.n. (G) ; 14, Papp s.n. (BP) ; 15, Maier 7064 (G) ;
17, Koch 1672 (G); 28, Milne-Redhead 55/30 (E). Analysis of the type specimens: Grimmia decipiens (Schultz) Lindb.: 30-32, Schultz
s.n. (G) ; Grimmia arcuatifolia Kindb.: 33-35, Macoun s.n. (CANM) ; Grimmia leibergii Paris : 36-38, Leiberg 250 (NY) ;
Grimmia alternuata (Müll. Hal. & Kindb.) Kindb.: 39-41, Macoun 524 (FH); Grimmia hartmanii var. fastigiata Thér. & Mong.:
42-44, Monguillon s.n. (PC); Grimmia jacutica Ignatova & al.: 45-47, Akimova s.n. (MW)]
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Diagnostic characters.– Gametophyte. Leaves falcate, decurrent, revolute on one side,
recurved on opposite side, in leaf base a marginal band of short-rectangular to quadrate
cells present, vanishing at broadest part of leaf. Costa 6 guide cells at insertion, exceptionally
8 guide cells present. Sporophyte. Peristome teeth inserted below orifice, between exothecium and teeth 1 layer of cells, prostome present.
Comparison of the specimens examined with the type specimen of G. decipiens shows
correspondence in leaf shape (Fig. 12.30), cells in leaf base (Fig. 12.31), and costal architecture (Fig. 12.32).
Argumentation for synonymy.– The type specimens of G. arcuatifolia, G. leibergii, G. alternuata, G. hartmanii var. fastigiata, and G. jacutica show correspondence in leaf shape (Figs. 12.33,
12.36, 12.39, 12.42, 12.45), cells in leaf base (Figs. 12.34, 12.37, 12.40, 12.43, 12.46), and
costal architecture (Figs. 12.38, 12.44, 12.47) with the type specimen of G. decipiens. The costal
architecture of G. arcuatifolia (Fig. 12.35) and G. alternuata (Fig. 12.41) is within the limits of
variability. The similarity of the cell pattern in the leaf base of G. arcuatifolia (Fig. 12.34) and of
G. alternuata (Fig. 12.40) to the type specimen supports their affinity to the species G. decipiens.
Comments.– SAYRE (1952 : 258) published a key to the species of Grimmia in North
America. Under ‘altered names’ G. leibergii is cited as being included in G. decipiens.
Grimmia hartmanii var. fastigiata was collected by Monguillon at St. Victeur, Sarthe,
several times: on 24.X.1893 (PC), in the year 1893 (COLO, herb. Monguillon), in February
1894 (G), and on 18.XI.1897 (G). None of the dates on the specimens seen for this
study correspond with that given in the protologue, i. e. the 18.X.1893. All specimens are
G. decipiens. THÉRIOT (1901 : 7, Pl. XI, 33) published a drawing of cells from the leaf base
of G. hartmanii var. fastigiata, which are typically those of G. decipiens.
The specimen housed in PC, herbier I. Thériot, collected on 24.X.1893, six days after
the 18 October 1893, is the material that most closely corresponds to the protologue dates. In
the light of a lack of alternative material this specimen would be the most likely choice for a
lectotype and is here selected as lectotype for G. hartmanii var. fastigiata.
Distribution.– Asia : Russia (Yacutia). Europe : Denmark, France including Corsica,
Germany, Greece, Italy including Elba and Sardinia, Norway, Portugal, Romania, Serbia,
Spain including Tenerife, Sweden, Switzerland, U.K. (Scotland). North America : Canada
(British Columbia), U.S.A. (California, Idaho).
Habitat and substrate.– On boulders in clearings in subalpine forests, in vicinity of wet
zones; on boulders such as andesite, granite or peridotite, from 140 to 1400 m.
Specimens examined (180), selected for description : FRANCE. Alpes-Maritimes :
Côte d’Azur, 14.IV.1998, Siegel s.n. (G) ; Corsica : In silva subalpina montis Rotondo, intra
alpem ‘Timozzo’ dictam, ad rupes graniticas, 6.VII.1880, Levier s.n. (G); Hérault: Cevennen,
N Montpellier, 16.IV.1952, Widmer s.n. (NMLU); Sarthe: St. Victeur, rochers, (Sarthe), 1893,
Monguillon s.n. (COLO). SERBIA: Djerap National Park, andesite outcrop along the road from
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the Danube bank to Ploče, 352 m, 44°36’27,0”N, 22°16’53,2”E, 14.VII.2004, Papp s.n. (BP).
SWITZERLAND. Tessin : Palagnedra, Wiese in Lichtung, schattenlos, Silikatsteinblöcke,
560 m, 26.VI.1992, Maier 7064 (G); Valais : Salvan, unterhalb Le Trétien, 830 m, Lichtung,
Silikatsteinblöcke, 18.V.1992, Maier 6880 (G). U.K. [Scotland]: Kirkcudbright, above Loch
Sherron, 450 feet, granite boulders, 14.V.1966, Milne-Redhead 55/30 (E). U.S.A. California :
Humboldt Co., Bear Butte, 40°11’N, 123°50’W, s.d. Branscomb & Greenman 22826 [under
G. arcuatifolia] (MO) ; Tuolumne County ; Wet spot below Highway 120, 5 miles west of
Yosemite National Park, 29.V.1947, Koch 1672 (G).

13. Grimmia dissimulata E. Maier in Candollea 56: 282. 2002 (Figs. 13.1-16).
Type : [CYPRUS]: Flora von Zypern. Grimmia trichophylla Grev. v. meridionalis
Schpr. f. rhacomitrioides. Bez. Kyrenia, Kalkfelsen am Pass über Lapithos, an der
Strasse bei 400 m, 10.V.1972, Koppe 1 (Holo-: STU ; iso-: G, STU) (Figs. 13.17-19,
from Koppe 1, holotype, reproduced from MAIER, 2002a: 295).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 13.1) 1.8-2.5 mm
long, scarcely or slightly sheathing to broadest part at mid-leaf, costa weak in sheathing part,
excurrent into a long weakly and bluntly denticulate or nearly smooth hair-point ; male :
perigonia in multifoliose buds on stem-tip, on short stalk on branches or in leaf axils, occasionally several on a stem, innermost perigonial leaf (Fig. 13.2) 0.7 mm long, sheathing, concave, broad, apex obtuse, hyaline in lower part, costa ending far below apex, antheridia with
few paraphyses. Growth form : cushions compact, adherent to substrate with rhizoids, young
shoots originating from older stem parts, leaflets elongate lanceolate, loosely arranged on stem
of the shoot, stems to 30 mm long, plants erect, branched (Fig. 13.3), central strand welldeveloped, clearly defined (Fig. 13.4), epidermis cells thick-walled. Leaves (Fig. 13.5) 1.92.5 mm long, short at base of stem, well-developed in comal tuft, loosely arranged around
stem, erect or somewhat contorted when dry, older leaves quickly spreading when moistened,
younger ones slowly so, erectopatent to patulous when wet, lanceolate from ovate base, tapering to acuminate apex, muticous or with weakly denticulate hair-point of variable length ;
propagule development occasionally seen on dorsal side of lower part of lamina, destroying
the laminal cells but preserving the costal cells ; leaf form in situ (Fig. 13.6) channelled near
insertion, keeled throughout, margin recurved on one side from insertion or lower part of leaf
base to upper part of lamina, if recurved on opposite side then only weakly so; in leaf base few
rows of rectangular paracostal cells (Fig. 13.7), other basal cells broad, short-rectangular of
nearly the same length, walls thickened, more or less nodulose, occasionally smooth,
at margin some rows of nearly isodiametric cells with smooth walls, in transitional part
(Fig. 13.8) cells short-rectangular, walls sinuose, in lower part of lamina cells isodiametric,
walls slightly sinuose, in upper part of lamina lumina rounded, rarely without joint thickenings; seen in transverse section (Fig. 13.9), lamina unistratose, upper part of lamina occasionally in places bistratose, margin of lamina in 1 or 2 rows of cells bistratose. Costa, seen on
dorsal side (Fig. 13.5), of nearly uniform width, scarcely weaker at insertion, percurrent to
hair-point, seen in transverse section (Fig. 13.9), on dorsal side at insertion and in leaf
base somewhat angulate or flat, in laminal part rounded, on ventral side in leaf base widely
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channelled, in laminal part channelled, at insertion, in leaf base and in lower part of lamina
4 guide cells, in upper part of lamina 2 of them markedly enlarged, more rounded or elliptical, in
apical part 2 guide cells present, in leaf base a group of large hydroids, from transitional part to
apical part enlarged to a band of hydroids, rarely transformed to stereids, between hydroids and
dorsal cells a band of substereids, exterior walls of dorsal cells markedly thickened.
Sporophyte. Seta (Fig. 13.3) to 5 mm long, arcuate or curved, epidermal cells (Fig. 13.16)
arranged parallel to axis, vaginula 1.0-1.2 mm long, cylindrical, with orchrea. Capsule exserted,
pendulous, ellipsoid, with short neck, after dehiscence scarcely constricted at orifice, with 8 not
always clearly visible ribs, exothecial cells (Fig. 13.10) irregularly shaped, cell walls curved, seen in
transverse section of capsule exterior walls smooth, stomata at neck, few or numerous, annulus of
3-4 rows of cells, revoluble, detaching as ring-like fragments. Calyptra (Fig. 13.11) mitrate,
lobed, covering one-fifth of capsule. Operculum (Fig. 13.12) conical, beak straight, long, base
smooth (Fig. 13.13), formed by 2 or 3 rows of rounded cells with very thin walls, in conical part
cells of various size, lumina mostly rounded, walls thickened. Peristome (Fig. 13.14) teeth
straight when dry, broad at base, lanceolate, in upper part split into 2 divisions, in lower part longitudinally perforate, separated down to the insertion, trabeculae in lower part broad, wavy, in
upper part small, the lowest dorsal plates smooth, the 2 or 3 subsequent plates covered with fine
papillae, the upper ones densely so with papillae becoming gradually stronger and sharper, inner
plates covered with coarse papillae, seen in longitudinal section (Fig. 13.15), teeth inserted at orifice, between exothecium and teeth 3 layers of cells present, dorsal plates thicker than ventral
plates, trabeculae distant, protruding. Spores 10-15 μm, rarely 18 μm, smooth or finely granulose.
Diagnostic characters.– Gametophyte. Leaves with few rows of rectangular paracostal cells
in leaf base, other basal cells broad, short-rectangular of nearly the same length, walls thickened,
more or less nodulose, occasionally smooth. Costa in basal part of leaf with 4 guide cells,
hydroids, and a band of substereids, in upper part 2 guide cells markedly enlarged, exterior walls
of dorsal cells strongly thickened. Sporophyte. Peristome trabeculae in lower part of teeth very
broad, wavy, papillae from above base to tip becoming gradually stronger and sharper.
Comparison of the specimens examined with the type specimen of G. dissimulata shows
correspondence in leaf shape (Fig. 13.17), cells in leaf base (Fig. 13.18), and costal architecture (Fig. 13.19).
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Figure 13.– Grimmia dissimulata E. Maier: 1, perichaetial leaf; 2, perigonial leaf; 3, plant with sporophyte; 4, transverse
section of stem ; 5, leaf ; 6, outlines of transverse leaf sections ; 7, cells in leaf base ; 8, cells in transitional part ; 9, transverse
section of leaf ; 10, exothecial cells ; 11, calyptra ; 12, operculum ; 13, cells of operculum at base ; 14, peristome, outer side ;
15, peristome tooth, longitudinal section; 16, epidermal cells of seta.
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Comments.– The examination of more than a thousand specimens of G. trichophylla
and other species regarded as related to G. trichophylla from Europe, housed in E, brought to
light a sample of G. dissimulata kept under G. trichophylla, from Hampshire. Another sample,
from Essex, annotated as G. muehlenbeckii, had been found in BM, and also from Essex, the
earliest finding, made by H. N. Dixon in 1886, was kept in E. Recently, PORLEY (2004) and
PORLEY & al. (2004) published articles on the discovery of G. dissimulata and its surprising
distribution in the South-East of Great Britain ; one further collection is from Loch Ailsh
(V.C. 106) in Scotland.
From specimens, partly housed in a private herbarium and partly in BP, several collections of G. dissimulata from the western part of Hungary (ERZBERGER, 2004 : 116), west of
the river Danube, have been found.
GREVEN (2003 : 68) synonymized G. dissimulata with G. austrofunalis. This change was
done without giving arguments or discussing the diagnostic characters of the two species.
However, the comparison of the specific characters of G. dissimulata, drawn from the type
specimen of STU (Figs. 13.17-19) with that of G. austrofunalis, drawn from the type specimen of MEL (Figs. 7.13-15), or with the drawings of G. britannica in GREVEN (1995,
Fig. 8.b) shows striking differences. Regarding these facts, the synonymy of G. dissimulata
with G. austrofunalis is not accepted here.
Distribution.– Africa : Morocco. Asia : Syria, Turkey. Europe : Austria, Belgium, Cyprus,
France, Germany, Greece including Corfu, Crete, and Rhodos, Hungary, Italy including
Sardinia, Serbia, Spain including Mallorca, Switzerland, U.K. (England, Scotland), Yugoslavia
(Montenegro).
Habitat and substrate.– On boulders along edges of small streams, in pine forest, shady
areas, in arid grassland, dry or damp riverbeds, near waterfalls, sunny rocks, rock crevices ;
andesite, concrete, dolomite, limestone, volcanic rock, from 50 to 1300 m.
Specimens examined (130), selected for description: CYPRUS. Paphos: Kidhasi, Dhiarizos
river bed. Riverbed and adjacent meadows. Alt. 400 m, 27.IV.1991, Hedderson 9746 (BOL,
G). GREECE. Corfu: Unterhalb Strinilas, SW-Hang, Kalk, ≈ 580 m, 10.IV.1986, Düll 1 (G,
STU); Crete: Chania, Phyrgana, S Wrisses, Passhöhe ≈ 600 m, an Felsen, 9.IV.1964, Düll 1a
(G, STU) ; Rhodes : Profitis Ilias, bei ehemaligem Hotel Elafos. An Stein, 750 m, 1.IV.1997,
Lübenau GR-RH 44 (G). SYRIA. Aleppo : Westliches Kalkgebirge, Karstlandschaft, alte
Römerstrasse, auf überhöht verlegten Kalksteinquadern, 5.VI.1998, Lübenau s.n. (G, Lübenau).
TURKEY. Mugla : On rocks in Quercus scrub ca. 5 km south of Mugla, 780 m, 31.III.1971,
Nyholm & Crundwell 403 (E). U.K. [ENGLAND]. North Hampshire : Wherwell. On
tombstone, 10.X.1988, Crundwell s.n. (E).
Figure 13. cont.– Grimmia dissimulata E. Maier: 17, leaf; 18, cells in leaf base; 19, transverse section of leaf.
[1, 10, 14, Düll 1a (G, STU) ; 2, 4, 8, 12-13, Düll 1 (G, STU) ; 3, 16, Lübenau GR-RH 44 (G) ; 5-7, 9, Crundwell s.n.
(E) ; 11, Hedderson 9746 (BOL, G) ; 15, Nyholm & Crundwell 403 (E). Analysis of the type specimen : Grimmia dissimulata
E. Maier: 17-19, Koppe 1 (STU)]
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14. Grimmia donniana Sm. in Sm. & Sowerby, Engl. Bot.: sub tab. 1259. 1804 (Figs. 14.1-19).
Type : [U.K.]: Pales at Beddgelart [Beddgelert], VII.1802, Turner s.n. (Lecto-: BM)
(lectotypified by MUÑOZ, 1998b: 378) (Figs. 14.20-22, from Turner s.n., BM).
 Grimmia arenaria Hampe in Linnaea 10: 405. 1836.
Type : [GERMANY]: ad saxa. aren. Regenstein Hercyneae., s.d., Hampe s.n.
(Lecto-: BM, not seen ; isolecto-: G) (lectotypified by MUÑOZ, 1998b : 376) syn.
nov. (Figs. 14.23-25, from Hampe s.n., G).
 Grimmia zahlbruckneri Garov., Bryol. Austr. Excurs.: 26. 1840.
Type : [ITALY]: in Mt Lineone ad rupes, s.d., Garovaglio s.n. (Lecto-: G, lectotypified
here) syn. nov. (Fig. 14.26, from Garovaglio s.n., G).
 Grimmia triformis Carestia & De Not. in Comment. Soc. Crittog. Ital. 2: 102. 1865.
Type : [ITALY]: Me. Tagliaferro, a qualche metre sotto la vetta sul versante di Rima,
19.VIII.1863, Carestia 127 (Lecto-: BM) (lectotypified by MUÑOZ, 1998b: 381) syn.
nov. (Figs. 14.27-29, from Carestia 127, BM).
 Grimmia ganderi Limpr. in Jahresber. Schles. Ges. Vaterl. Cult. 61: 215. 1884.
Type : [AUSTRIA]: Innervillgraten, an Schieferwänden, 15.III.1884, Gander s.n.
(Lecto-: BP (37547), not seen ; isolecto-: G) (lectotypified and synonymized with
G. triformis Carestia & De Not. by MUÑOZ, 1998b : 381) syn. nov. (Figs. 14.3032, from Gander s.n., G).
 Grimmia inaequalis Dixon & Sainsbury in Trans. & Proc. Roy. Soc. New Zealand 75:
174. 1945 [non Stirton in Ann. Scott. Nat. Hist. 17 : 172. 1908].  Grimmia
incrassicapsulis B. G. Bell in Brit. Antarct. Surv. Bull. 63: 80. 1984.
Type : [NEW ZEALAND]: Mt. Watkin – Otago. South Island N.Z., 30.XI.1935,
Simpson & Thomson 823 (Holo-: BM) syn. nov. (Figs. 14.33-35, from Simpson &
Thomson 823, BM).
 Grimmia milleri Hastings & Greven in Bryologist 110: 501. 2007.
Type: U.S.A.: Maine, Piscataquis County. Mount Katahdin Township (T3R9 WELS):
Baxter State Park, Katahdin area, ca. 20 miles north-northwest of Millinocket, east side
of Chimney Pond, 2950 ft. 45°54’51.4”N 68°54’40”W (GPS-NAD27), 1.IX.2004,
Miller 14784 (Holo-: NYS, not seen; iso-: NYS) syn. nov. (Figs. 14.36-37, from Miller
14784, NYS).
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Figure 14.– Grimmia donniana Sm.: 1, perichaetial leaf ; 2, perigonial leaf ; 3, plant with sporophyte ; 4, transverse
section of stem ; 5, leaf ; 6, outlines of transverse leaf sections ; 7, cells in leaf base and transitional part ; 9, transverse section
of leaf; 11, epidermal cells of seta ; 12, exothecial cells; 13, stoma; 14, calyptra; 15, operculum ; 16, cells of operculum at base;
17, peristome teeth, outer side; 18-19, peristome teeth, longitudinal sections; 27, leaf.
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Gametophyte. Monoicous. Female : innermost perichaetial leaf (Fig. 14.1) to 2.5 mm
long, sheathing to mid-leaf, not very different from stem leaves in shape and cell pattern,
lower part of leaf hyaline, costa percurrent, hair-point long, denticulate ; male : perigonia on
short subperichaetial branches as buds on short stalks in leaf axils, innermost perigonial leaf
(Fig. 14.2) 0.8 mm long, sheathing to broadest part, ovate, obtuse or mucronate, muticous or
with acute hyaline end cell, in lower part or from base to below leaf tip hyaline, costa
weak, percurrent, antheridia with few paraphyses. Growth form : cushions dense, compact,
adherent to substrate with rhizoids, young shoots originating from rhizoids or older stem
parts, leaflets muticous, apex acute, stems to 20 mm long, plants erect, branched, radiculose
at base (Fig. 14.3), central strand (Fig. 14.4) developed. Leaves (Fig. 14.5) in lower part
of stem small, muticous, in upper part to 2.4 mm long, loosely arranged on stem, apices
slightly bent towards stem when dry, longer leaves bending backwards, shorter leaves moving
slightly when moistened, erectopatent when wet, from narrow base elongate-lanceolate, tapering to rounded or obtuse apex, hair-point elongate, smoothly denticulate ; leaf form in situ
(Fig. 14.6) at insertion and in leaf base concave, lower laminal part keeled, upper part narrowly so, margins plane throughout ; basal paracostal cells (Fig. 14.7) elongate-rectangular,
walls smooth, towards margin some rows of elongate-rectangular, hyaline cells, longitudinal
and transverse walls evenly thin and smooth, the rows gradually vanishing, outermost row
reaching to above broadest part of leaf (Fig. 14.7), thus forming between hyaline and thicker
walled chlorophyllose cells a delimitation running obliquely from costa to margin, cells in
transitional part near costa rectangular, walls sinuose, towards margin some hyaline cells with
finely sinuose walls, lower lamina cells (Fig. 14.8) short-rectangular, walls more or less sinuose, thickened, in upper laminal part cells mostly isodiametric, walls thickened, smooth or
sinuose; seen in transverse section (Fig. 14.9), lamina unistratose or bistratose in places, occasionally totally bistratose (Fig. 14.10) except near costa in upper part, margin unistratose in
leaf base, in laminal part several rows bi- or tristratose. Costa, seen on dorsal side (Fig. 14.5),
small in leaf base, becoming gradually broader in laminal part, indistinct at apex, percurrent
or excurrent, seen in transverse section (Fig. 14.9), on dorsal side at insertion and in leaf
base angulate or rounded, in laminal part rounded or occasionally prominent, on ventral side
at insertion nearly plane, in leaf base widely channelled, in lower part of lamina channelled,
in upper part narrowly so, at insertion and in leaf base 4 guide cells, from transitional part
to apical part 2 guide cells, from insertion to upper laminal part a median group of hydroids,
at insertion and in leaf base costal cells substereid.
Sporophyte. Seta (Fig. 14.3) of different lengths, 0.8-3.0 mm long, straight, occasionally curved, epidermal cells (Fig. 14.11) turning to the right, vaginula 0.8 mm long, cylindrical, ochrea broad. Capsule erect, horizontal on curved seta, ovoid, smooth, bright-coloured
when mature, with age turning to brownish, exothecial cells (Fig. 14.12) irregular, quadrate,
hexagonal, elongate, thin-walled, seen in transverse section of capsule, exterior walls smooth,
stomata (Fig. 14.13) large above capsule base, neck lacking, annulus of 2 rows of cells, if
detaching then singly, seen in surface view round with small lumina. Calyptra (Fig. 14.14)
mitrate, lobed, covering operculum. Operculum (Fig. 14.15) conical, mammillate, base

Figure 14. cont.– Grimmia donniana Sm.: 10, transverse sections of leaf; 22, transverse section of leaf; 29, transverse section of leaf; 31, cells in transitional part; 32, transverse section of leaf; 34, cells in transitional part.
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smooth (Fig. 14.16), cells rounded, thick-walled. Peristome (Fig. 14.17) teeth incurved or
recurved when dry, broad at base, mostly entire at apex, separated down to insertion or at
least to the lowermost plates, trabeculae small, dorsal side in lower half covered with minute
papillae, upper half of dorsal side and ventral side densely covered with fine papillae, seen in
longitudinal sections (Figs. 14.18-19), teeth inserted below orifice, between exothecium and
teeth 2 layers of cells present, outer plates thicker than inner ones, trabeculae close together or
distant, prominent in lower half, scarcely marked in upper part. Spores 8-9 μm, smooth.
Diagnostic characters.– Gametophyte. Leaves : margins, even of the lowest leaves, have
some rows of elongate-rectangular, hyaline cells with longitudinal and transverse walls that are
evenly thin, vanishing in the broadest part of the leaf (Fig. 14.7). The margins are never
recurved. Calyptra mitrate. Sporophyte seen in surface view, annulus cells rounded with
narrow lumina.
Comparison of the specimens examined with the type specimen of G. donniana shows
correspondence in leaf shape (Fig. 14.20), cells in leaf base and transitional part (Fig. 14.21),
and costal architecture (Fig. 14.22).
Argumentation for synonymy.– The type specimens of G. arenaria, G. triformis, G. ganderi
and G. incrassicapsulis show correspondence in leaf shape (Figs. 14.23, 14.27, 14.30, 14.33),
cells in leaf base and transitional part (Figs. 14.24, 14.28, 14.31, 14.34), and costal architecture
(Figs. 14.25, 14.29, 14.32, 14.35) with the type specimen of G. donniana. The type specimen
of G. zahlbruckneri shows correspondence in costal architecture (Fig. 14.26) with the type
specimen of G. donniana. The type specimen of G. milleri shows correspondence in leaf shape
(Fig. 14.36) and costal architecture (Fig. 14.37) with the type specimen of G. donniana.
Comments.– Plants with muticous leaves or hair-points that are reduced to few hyaline
cells may be found. The marginal, hyaline cell rows in leaf base, appearing on all stem leaves,
even the youngest ones, are a distinctive feature of G. donniana. See comment under 46.
Grimmia sessitana. Lamina and margin stratosity variable; lamina cell walls may be strongly or
only faintly sinuose (Figs. 14.7-8). Seta length and curvature, as well as the calyptrae which
are in rare cases cucullate (MUÑOZ, 1998b : 379), are influenced by growing conditions. In
Europe, plants with very short setae, even shorter than the capsules, and often incompletely
developed peristomes are found at high altitudes, between 2000 and 3000 m. Setae from 0.82.5 mm in length may appear in the same cushions (LOESKE, 1913: 95-97). Curved setae are
often a sign of an immature state of the sporogone or are present in plants growing in shady
places. Such varieties have been named as G. triformis (LIMPRICHT, 1889: 731) – seta short, or
G. arenaria (LIMPRICHT, 1889 : 735) – seta curved. Costal architecture, morphological, and
Figure 14. cont.– Grimmia donniana Sm.: 8, cells above transitional part; 20, leaf; 21, cells in leaf base and transitional
part ; 23, leaf ; 24, cells in transitional part ; 25-26, transverse sections of leaf ; 28, cells in transitional part ; 30, leaf ; 33, leaf ;
35, transverse section of leaf.
[1-2, 12-18, Siegel (Bulgarien) s.n. (G) ; 3, 11, Maier 8585 (G) ; 4-5, 7-8, Siegel (Sachsen) s.n. (G) ; 6, 9, Siegel (Kola)
s.n. (G) ; 10, Hooker fil. & Thomson 299 (BM) ; 19, Hampe s.n. (G). Analysis of the type specimens : Grimmia donniana Sm.:
20-22, Turner s.n. (BM); Grimmia arenaria Hampe: 23-25, Hampe s.n. (G); Grimmia zahlbruckneri Garov.: 26, Garovaglio s.n.
(G) ; Grimmia triformis Carestia & De Not.: 27-29, Carestia 127 (BM) ; Grimmia ganderi Limpr.: 30-32, Gander s.n. (G) ;
Grimmia incrassicapsulis B. G. Bell : 33-35, Simpson & Thomson 823 (BM) ; Grimmia milleri Hastings & Greven : 36-37, Miller
14784 (NYS)]
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peristomial characters reveal that these are G. donniana (MAIER, 1999 : 9, Figs. 7c-e). In
LIMPRICHT’s (1889 : 735) opinion “G. arenaria is a dwarf G. donniana”. Following LOESKE
(1930: 114-115) their taxonomic position is that of the rank of form. CORLEY & al. (1981 :
625) consider G. arenaria as a synonym of G. donniana.
Capsules from plants growing under extreme ecological conditions seem to have difficulties reaching a mature state : papillosity of peristome teeth is poorly developed, lumina of
annulus cells not formed for example. Exothecial cell walls may be strongly thickened. Plants
with such capsules have been named G. incrassicapsulis. Comparable variations also appear in
specimens from high altitudes near glaciers in the Swiss Alps.
Distribution.– Asia : Nepal, Russia, India ; Europe : Austria, Bulgaria, Germany, Italy,
Switzerland, U.K. (Wales). Australia: New Zealand.
Habitat and substrate.– In exposed places, on dry boulders in alpine meadows and
mountain forests, on scree, in tundra, near glaciers ; on basalt, porphyry, sand, sandstone,
schist, from 1 to 5240 m.
Specimens examined (80), selected for description : BULGARIA. Vitoscha-Gebirge : Baj
Krastju in Richtung Hütte Kikisch, an Urgesteinsfelsen, 4.VIII.1981, Siegel s.n. (G, Siegel).
GERMANY. Sachsen : ad rup. arenos.d. Regenstein pr. Blankenburg, Hercyniae, s.d. Hampe
s.n. (G) ; Oberes Osterzgebirge, Geising, Blockhalde am Fusse des Berges, auf Basalt, 18.VII.
1985, Siegel s.n. (G, Siegel). RUSSIA. Kola: Südteil des Chibingebirges, Strauch-Tundra, S- und
E-exponierte Talhänge im Talkessel oberhalb des Botanischen Gartens von Kirovsk, über
Steingeröll, 27.VI.1990, Siegel s.n. (G, Siegel). INDIA: Himalaya, Lachung 15.000’, s.d., Hooker
& Thompson 299 (BM). SWITZERLAND. Obwalden: Engelberg, Laubersgrat 1970 m, Felsen,
Zenith, schistöses Gestein, kalkfrei, 29.VII.1993, Maier 8585 (G).
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Figure 14. cont.– Grimmia donniana Sm.: 36, leaf; 37, transverse section of leaf.
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15. Grimmia elatior Bals.-Criv. & De Not. in Mem. Reale Accad. Sci. Torino 40: 340. 1838
(Figs. 15. 1-16, 25).
 Trichostomum incurvum Hornsch. in Flora 2 : 89. 1819 [non Grimmia incurva
Schwägr., Sp. Musc. Frond. Suppl. 1(1): 90. 1811].
Type : [AUSTRIA. Carinthia]: in rupibus zu Hblut, s.d., s.coll. s.n. (Lecto-: GZU)
(lectotypified by CAO & VITT, 1986: 201) (Figs. 15. 17-19, from s.coll. s.n., GZU).
 Trichostomum arcuatum DC. in Lam. & DC., Fl. Franç. ed. 3, 6 : 218. 1815 [non
Grimmia arcuata De Not. in Mem. Reale Accad. Sci. Torino 39: 42. 1836].
Type : [FRANCE]: Dicranum arcuatum Schl., Trichostomum patens ß Schw., Trichostomum arcuatum DC., s.d., Schleicher s.n. (Lecto-: G, lectotypified here) syn.
nov. (Fig. 15.20, from Schleicher s.n., G).
 Racomitrium papillosum Warnst. in Hedwigia 20: 166. 1881.  Grimmia papillosa
(Warnst.) Kindb. in Bih. Kongl. Svenska Vetensk.-Akad. Handl. 7(9): 110. 1883.
Type : NORWAY: Dovre, f. om Sprenbäcken, 14.VII.1879, Kindberg s.n. (Lecto-: S,
not seen ; isolecto-: JE) (lectotypified and synonymized by MUÑOZ & PANDO, 2000:
27) (Fig. 15.21, from Kindberg s.n., JE).
 Grimmia aspera Müll. Hal. in Nuovo Giorn. Bot. Ital. ser. 2, 4: 261. 1897.
Type : CHINA : China interior, provincia Schen-si sept. in monti Hua-san, 25.VIII.
1895, Giraldi s.n. (Lecto-: H, not seen ; isolecto-: G, M) (lectotypified and synonymized by CAO & VITT, 1986: 201) (Figs. 15.22-24, from Giraldi s.n., G).
Gametophyte. Dioicous. Female : innermost perichaetial leaf shorter then stem leaves
(Fig. 15.1), 3.2-3.6 mm long, sheathing to broadest part of leaf, concave in leaf base, lanceolate,
lower third hyaline, at margin a row of elongate-rectangular hyaline cells, vanishing above
broadest part of leaf, costa stout, excurrent into elongate, denticulate hair-point; male : plants
strongly branched, leaves with short hair-point, perigonia as multifoliose buds on short stalks in
leaf axils, several on stem, innermost perigonial leaf (Fig. 15.2) to 10 mm long, sheathing, from
broad-ovate leaf base tapering to acute, muticous apex, hyaline except extreme leaf tip, costa percurrent, antheridia with few paraphyses. Growth form : cushions lax, stems to 80 mm long,
plants ascending or erect, dichotomously branched, scarcely radiculose at base (Fig. 15.3), in
lower stem part leaves rotten, central strand in stem base (Fig. 15.4) and in branches lacking,
well-developed in comal part (Fig. 15.5). Leaves to 4 mm long (Fig. 15.6), imbricate, basal
part appressed to stem, upper part homomallous, apices of leaves on stem-tips bent backwards
when dry, leaves bending backwards when moistened, patent when wet, from oblong to ovate,
decurrent leaf base elongate-lanceolate, hair-point very short to elongate, smoothly denticulate;
leaf form in situ (Fig. 15.7) at insertion and in leaf base widely concave, in lower laminal part
keeled, in upper part narrowly so, margin from insertion to above mid-leaf on one side revolute,
on the other side from above leaf base to mid-leaf slightly recurved, in upper part of leaf both
sides plane ; basal paracostal cells (Fig. 15.8) elongate-rectangular, walls nodulose, at margin
some rows of cells rectangular, hyaline, walls smooth, in transitional part cells short-rectangular
(Fig. 15.9), walls faintly to strongly sinuose, in upper laminal part cells isodiametric, lumina
rounded, exterior cell walls smooth or irregularly papillose (best seen at leaf margins) ; seen in
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transverse section (Fig. 15.10), leaf base unistratose, in places bistratose, in laminal part
bistratose, margin unistratose in leaf base, tri- to quadristratose in laminal part. Costa, seen on
dorsal side (Fig. 15.6), stout, of nearly uniform width throughout, excurrent, seen in transverse
section (Fig. 15.10), costa on dorsal side at insertion and in leaf base rounded, occasionally
angulate, in transitional and lower laminal part prominent, papillose or smooth, in upper laminal part angulate or rounded, on ventral side from insertion to lower laminal part channelled, in
upper part narrowly channelled or recessed in deep furrow, at insertion (Fig. 15.10) enlarged by
subcostal cells added to the 2-4 guide cells, dorsally a second row of 3-4 cells with nearly the
same large lumina as the guide cells present; from leaf base to transitional part the number of
guide cells gradually decrease to 2 guide cells and 2 dorsally added cells, in upper part 2 guide
cells present, those of the second row vanishing, costal cells nearly homogeneous, occasionally
substereids present, hydroids lacking.
Sporophyte. Seta (Fig. 15.3) to 3 mm long, arcuate in mature state, curved when wet,
after spore release straight, epidermal cells (Fig. 15.25) in lower part arranged parallel to axis,
in upper part turning to the right, vaginula 1.2 mm long, cylindrical, ochrea distinct. Capsule
emergent, horizontal or pendent, obloid, ribbed, exothecial cells quadrate (Fig. 15.11),
rectangular or of variable shape, walls thin, seen in transverse section of capsule, exterior walls
bulging, stomata numerous at short neck, annulus of 3 or 4 rows of cells, detaching as spirals.
Calyptra (Fig. 15.12) conical, mitrate, lobed, covering operculum. Operculum (Fig. 15.13)
conical, beak long, straight, base uneven (Fig. 15.14), formed by 1 or 2 rows of small,
isodiametric cells, in conical part 2 rows of elongate pentagonal or hexagonal cells, above
cells irregularly shaped. Peristome (Fig. 15.15) teeth erect when dry, linear-lanceolate, perforate or deeply split into 2 or 3 fine divisions, separated down to the insertion, trabeculae small
in lower, thin in upper part, occasionally traces of a prostome present attached to the teeth
(Fig. 15.15), dorsal lower plates smooth, upper half of dorsal side and ventral side densely
covered with fine papillae, seen in longitudinal section (Fig. 15.16), teeth inserted at orifice,
1 or 2 layers of large cells between exothecium and teeth present, dorsal plates thicker than
ventral plates, trabeculae close together, in lower third scarcely protruding, in upper part
markedly protruding, prostome present. Spores 12-15 μm, granulose.

0.1 mm
4-5, 8-11, 14-15

0.4 mm
7

1 mm
1-2, 6, 12-13, 17

Figure 15.– Grimmia elatior Bals.-Criv. & De Not.: 1, perichaetial leaf ; 2, perigonial leaf ; 3, plant with sporophyte ;
4, transverse section of stem at base ; 5, transverse section of stem in comal part ; 6, leaf ; 7, outlines of transverse leaf sections ;
8, cells in leaf base; 9, cells in transitional part ; 10, transverse section of leaf; 11, exothecial cells; 12, calyptra ; 13, operculum ;
14, cells of operculum at base; 15, peristome, outer side; 17, leaf.
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Diagnostic characters.– Gametophyte. Leaves in upper part narrowly keeled. Costa
dorsally stout, deeply recessed in furrow, from insertion to lower laminal part dorsally a
second row of cells with wide lumina is added to the guide cells, hydroids are lacking. Sporophyte. Peristome with prostome.
Comparison of the specimens examined with the type specimen of G. elatior shows
correspondence in leaf shape (Fig. 15.17), cells in leaf base (Fig. 15.18), and costal architecture (Fig. 15.19).
Argumentation for synonymy.– The type specimens of T. arcuatum and G. papillosum show
correspondence in costal architecture (Figs. 15.20, 15.21) with the type specimen of G. elatior.
The type specimen of G. aspera shows correspondence in leaf shape (Fig. 15.22), cells in
leaf base (Fig. 15.23), and costal architecture (Fig. 15.24) with the type specimen of G. elatior.
Comments.– Paracostal cells in the leaf base are variable in length and nodulosity. In
general, strongly elongate cells may occur below developing perigonia or perichaetia. These
features are not correlated to costal architecture or peristome characters.
The central strand is developed in the comal tufts (Fig. 15.5), but is mostly lacking in
lower stem parts and in the branches (Fig. 15.4).
In CAO & VITT (1986: 201) the lectotype specimen of G. aspera, collected by Giraldi, is
cited erroneously with the number 1448 as a collection number. However, the number 1448
is the determination number distributed by C. Müller.
MUÑOZ & PANDO (2000: 97) published a note on T. arcuatum housed in G. The specimen, used by CANDOLLE (1815 : 218) for the editing of La Flore Française, turned out to be
G. elatior (Fig. 15.20), a fact already stated by MUÑOZ & PANDO (2000: 97). As the name
T. arcuatum (1815) pre-dates the name G. elatior (1838), the nomenclatural stability, following
MUÑOZ & PANDO (2000: 87), may be called into question. However, in the same work, under
Bryum patens Dicks. (MUÑOZ & PANDO, 2000: 72), is cited G. arcuata De Not., the description
of which is published in DE NOTARIS (1836: 42). The lectotypification of T. arcuatum has been
established here to preserve the nomenclatural stability of the name G. elatior.

Figure 15. cont.– Grimmia elatior Bals.-Criv. & De Not.: 16, peristome tooth, longitudinal section ; 18, cells in leaf
base ; 19-21, transverse sections of leaf ; 22, leaf ; 23, cells in leaf base ; 24, transverse section of leaf ; 25, epidermal cells of seta.
[1, Vašák s.n. (G); 2, Molendo s.n. (GOET); 3, 12-14, 25, Maier s.n. (G); 4-5, 16, Maier 8028 (G); 6, 8-9, 11, 15, Collinder
s.n. (E); 7, 10, Maier 11761 (G). Analysis of the type specimens: Grimmia elatior Bals.-Criv. & De Not.: 17-19, s.coll. s.n. (GZU);
Trichostomum arcuatum DC.: 20, Schleicher s.n. (G); Grimmia papillosa (Warnst.) Kindb.: 21, Kindberg s.n. (JE); Grimmia aspera
Müll. Hal.: 22-24, Giraldi s.n. (G)]
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Distribution.– Asia: China, Mongolia, India, Pakistan, Russia (Caucasia), Turkey. Europe:
Austria, France, Germany, Italy, Norway, Serbia, Sweden, Switzerland, U.K. (Scotland). North
America: Canada (fide ALLEN, 1995: 161 under G. grandis Kindb.).
Habitat and substrate.– In open and shaded places ; on sandstone, siliceous rocks, from
250 to 4300 m.
Specimens examined (70), selected for description : AUSTRIA. Carinthia : Möllthal
3-3700’, 1865, Molendo s.n. (GOET). RUSSIA. Tyrnyauz : regio montis Elbrus, in valle
fluminis Adylsu, prope pagum Elbrus, loco Dzhan Tugan dicto. 1800-2000 m, 23.VI.1980,
Vašák s.n. (G). SWEDEN. Hälsingland: Arbrå, VI.1874, Collinder s.n. (E). SWITZERLAND.
Valais: Finhaut, Felswändchen, Silikatgestein, Waldschatten, 1240 m, 24.V.1993, Maier 8028
(G); Ried, Rieder Furka, Felsplatten, Gneis, 1830 m, 23.IX.1998, Maier 11761 (G); Vernayaz,
Pont de Gueuroz, Felsblöcke, Silikatgestein, schattenlos, 3.IV.2002, Maier s.n. (G).

16. Grimmia elongata Kaulf. in Sturm, Deutschl. Fl., Abt. II, Cryptog. 15 : 14. 1816
(Figs. 16.1-21).
Type : [AUSTRIA]: In Styria alpibus, s.d., Kaulfuss s.n. (Lecto-: B) (lectotypified by
GEISSLER & MAIER, 1995 : 500) (Figs. 16.22-24, from Kaulfuss s.n., B, reproduced
from GEISSLER & MAIER, 1995: 507).
 Grimmia fuliginosa Müll. Hal., Syn. Musc. Frond. 1: 778. 1849.
Type : [MEXICO. State of Veracruz]: Pic d’Orizaba 14.000’, II.1844, Liebmann s.n.
(Lecto-: BM) (lectotypified and synonymized by MUÑOZ, 1999a : 134) (Figs. 16.2527, from Liebmann s.n., BM).
 Grimmia redunca Mitt. in J. Proc. Linn. Soc., Bot., Suppl. 1: 43. 1859.
Type : INDIA : Jongry, 13.000’, s.d., Hooker 294 (Holo-: NY) (synonymized by
MAIER, 2002b: 175) (Figs. 16.28-30, from Hooker 294, NY).
 Grimmia vulcanica Besch. in Ann. Sci. Nat., Bot. ser. 6, 9: 351. 1878.
Type : [FRANCE]. La Réunion : cratère brûlant, s.d., Lépervanche s.n. (Lecto-:
BM ; isolecto-: JE) (lectotypified and synonymized by MUÑOZ & PANDO, 2000:
28) (Figs. 16.31-33, from Lépervanche s.n., BM).

Figure 16.– Grimmia elongata Kaulf.: 1, perichaetial leaf; 2, perigonial leaves; 3, plant with sporophyte; 4, transverse section of stem in apical part; 5, transverse section of stem in older stem part; 6-7, leaves; 8, outlines of transverse leaf sections; 9,
cells in leaf base ; 10, cells in leaf base and transitional part ; 11-12, transverse sections of leaf ; 13, dorsal view of costa
and proximate cells in upper half of leaf ; 14, epidermal cells of seta ; 15, exothecial cells ; 16, stoma ; 17, calyptra ; 18, operculum ; 19, cells of operculum at base ; 20, peristome teeth, outer side ; 21, peristome tooth, longitudinal section ; 45, leaf ;
47, transverse section of leaf.
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 Grimmia andreaeacea Müll. Hal. in Linnaea 43: 453. 1882.
Type : [ARGENTINA]: Cuesta de Calderia, 27.V.1873, s.coll. s.n. (Lecto-: BM)
(lectotypified and synonymized by MUÑOZ, 1999a: 134) (Figs. 16.34-36, from s.coll.
s.n., BM).
 Grimmia decalvata Cardot in Bull. Herb. Boissier ser. 2, 8: 332. 1908.
Type : JAPAN : Sommet du Komagatake, 2300 m, s.d., Faurie 3316 (Lecto-: PC, not
seeen ; isolecto-: H-BR, NY) (lectotypified and synonymized by DEGUCHI, 1979 :
185) (Fig. 16.37, from Faurie 3316, H-BR).
 Grimmia navicularis Herzog in Beih. Bot. Centralbl. 26(2): 65. 1909.
Type : [BOLIVIA]. Cochabamba : An Felsen des Abra de San Benito ca. 3900 m,
I.08, Herzog s.n. (Lecto-: JE ; syn-: M, An Felsblöcken beim Tunarisee, ca. 4000 m,
V.1811, Herzog 4913) (lectotypified by DEGUCHI, 1987 : 27) syn. nov. (Figs. 16.3840, from Herzog s.n., JE).
 Grimmia tolucensis Cardot in Rev. Bryol. 38: 1. 1911.
Type : MEXICO. State of Mexico : Volcan de Toluca, 1892, Pringle 27a (Lecto-: PC;
isolecto-: JE) (lectotypified and synonymized by MUÑOZ, 1999a : 134) (Figs. 16.4142, from Pringle 27a, PC, JE).
 Grimmia incurva var. rhaetica J. Amann, Fl. Mouss. Suisse 2: 133. 1918.
Type : [SWITZERLAND]. Grisons: Scalettapass, 2500 m, 1888, Amann BH 89.1.4
(Holo-: ZT) (synonymized by MUÑOZ & PANDO, 2000: 29) (Fig. 16.43, from
Amann BH 89.1.4, under G. contorta Schwägr. var. rhaetica, ZT).
 Coscinodon japonicus Sakurai in J. Jap. Bot. 19: 407. 1943.
Type : [JAPAN]: Mt. Neko, 10.VII.1942, Takaki 877 (Holo-: MAK) (synonymized
with G. incurva Schwägr. by DEGUCHI, 1979 : 191) syn. nov. (Fig. 16.44, from
Takaki 877, MAK).
 Racomitrium flettii Holz. in Bryologist 7: 41. 1904.  Grimmia flettii (Holz.) Cardot
in Bryologist 8 : 54. 1905.  Grimmia torquata var. flettii (Holz.) Vaar. in Bryologist
64: 324. 1961.
Type: [U.S.A.]: From the crater of Mt. Tacoma or Mt. Rainier, alt. 14.519 ft., near one
of the steam jets issuing from a fissure in side of rim of crater, 10.VIII. 1897, Flett s.n.
(Lecto-: ILL; isolecto-: NY) (lectotypified by VAARAMA, 1961: 324) (synonymized with
G. torquata Drumm. by MUÑOZ & PANDO, 2000: 76) syn. nov. (Figs. 16.45-47, from
Flett s.n., NY).

Figure 16. cont.– Grimmia elongata Kaulf.: 23, cells in leaf base; 24, transverse section of leaf; 29, cells in leaf base and
transitional part; 30, transverse section of leaf; 36, transverse section of leaf; 40, transverse section of leaf.
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Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 16.1) 2.8-3.5 mm
long, sheathing to mid-leaf, from ovate, elongate base constricted above mid-leaf to narrow
upper part, leaf base hyaline, some rows of hyaline cells vanishing above broadest part, costa
stout, excurrent into short, weakly denticulate hair-point ; male : plants in separate cushions,
perigonia as small buds on short stalks in leaf axils, several on stem, innermost perigonial leaf
(Fig. 16.2) 0.7 mm long, sheathing, ovate, strongly keeled, apex muticous, acute, hyaline to
broadest part, costa percurrent, antheridia with few paraphyses. Growth form : cushions
dense, disintegrating easily, young shoots originating from older stems, leaflets muticous,
appressed to stem of shoot, stems to 40 mm, plants (Fig. 16.3) somewhat radiculose at base,
erect, branched, central strand developed in apical part of stem (Fig. 16.4), in older stem
parts (Fig. 16.5) small or lacking. Leaves (Figs. 16.6-7) 1.2-1.8 mm long, imbricate, in
short-leaved form appressed to stem, in long-leaved form slightly twisted and loosely arranged
on stem when dry, bending backwards when moistened, leaf base appressed to stem, laminal
part patent, from narrow oval leaf base elongate-lanceolate, straight or somewhat falcate, on
one side above broadest part of leaf markedly narrowed to apical part, thus forming a shoulder, on straighter side margin recurved from leaf base to mid-leaf, short leaves muticous,
slightly cucullate, longer leaves apiculate, hair-point short, smoothly denticulate, cells with
narrow lumen ; leaf form in situ (Fig. 16.8) at insertion and in leaf base one side concave,
other side plicate near costa, in transitional part lamina spreading from costa, lower laminal
part keeled, upper part narrowly so, margin recurved on one side from insertion to mid-leaf ;
basal cells (Fig. 16.9) elongate-rectangular, walls smooth except some cell rows between
margin and paracostal cells with faintly nodulose walls, at margin (Fig. 16.10) 3-4 rows
narrowly elongate-rectangular, hyaline, thin-walled cells, gradually vanishing, the outermost
row ascending to above broadest part of leaf where the cells become short-rectangular to
quadrate, lamina cells rectangular or elongate-rectangular, walls either strikingly or scarcely
sinuose, in upper part oval to isodiametric, lumen rounded, walls thickened ; seen in transverse sections (Figs. 16.11-12), leaf base unistratose, lamina in places with bistratose patches
or entirely bistratose, margin unistratose in leaf base, in laminal part some cell rows bi- or
tristratose. Costa, seen on dorsal side (Fig. 16.6), weak in leaf base, stout in laminal part,
reaching apex, in upper part dorsal cells (Fig. 16.13) similar in shape to proximate lamina
cells, seen in transverse sections (Figs. 16.11-12), on dorsal side at insertion and in leaf base
rounded, occasionally stronger rounded in laminal part, in rare cases faintly mammillose, on
ventral side at insertion and in leaf base channelled, in laminal part narrowly so, at insertion and
in leaf base 4 guide cells, in laminal part 2 guide cells, at insertion and in leaf base substereids, in
upper part cells rounded, homogeneous, hydroids from insertion to mid-leaf present.
Sporophyte. Seta (Fig. 16.3) 2.0-3.5 mm long, erect or inclined, epidermal cells
(Fig. 16.14) turning to the right, vaginula 0.8-1.2 mm long, cylindrical, with ochrea.
Capsule emergent, erect, inclined or cernuous, ovoid or obloid, smooth, exothecial
cells (Fig. 16.15) of variable shape, isodiametric or elongate penta- and hexagonal, walls

Figure 16. cont.– Grimmia elongata Kaulf.: 25, leaf; 27, transverse section of leaf; 31, leaf; 32, cells in leaf base and transitional part ; 33, transverse section of leaf ; 37, transverse section of leaf ; 41-44, transverse sections of leaf ; 46, cells in leaf base
and transitional part.
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curvilinear, slighty thickened, seen in transverse section of capsule, exterior walls smooth,
stomata (Fig. 16.16) more or less numerous at capsule base, annulus of 2-3 rows of cells
detaching singly, lumina narrow, rounded. Calyptra mitrate-cucullate (Fig. 16.17). Operculum (Fig. 16.18) conical, blunt, base smooth (Fig. 16.19), formed by 3-4 marginal rows
of rounded cells, in conical part cells ovate, walls thickened. Peristome (Fig. 16.20) teeth
erect or recurved when dry, broad at base, rarely split or perforate, separated down to
insertion or at least to the lowermost plates, trabeculae thin throughout, on dorsal side the
lower third covered with fine papillae, the upper dorsal side and ventral side covered with
rounded papillae, seen in longitudinal section (Fig. 16.21), teeth deeply inserted below
orifice, 2 layers of cells between exothecium and teeth present, dorsal plates thicker than
ventral plates, trabeculae scarcely protruding in lower part, conspicuously protruding in
upper part. Spores 12-16 μm, granulose.
Diagnostic characters.– Gametophyte. Leaves with margin on one side recurved, both
margins with 3-4 rows narrowly elongate-rectangular, hyaline, thin-walled cells, the rows
gradually vanishing, the outermost row ascending to above broadest part of leaf where the
cells become short-rectangular to quadrate. Costa in upper part of leaf the dorsal costal cells
not different from proximate lamina cells (seen on dorsal side). Sporophyte. Peristome teeth
deeply inserted.
Comparison of the specimens examined with the type specimen of G. elongata shows correspondence in leaf shape (Fig. 16.22), cells in leaf base (Fig. 16.23), and costal architecture
(Fig. 16.24).
Argumentation for synonymy.– The type specimens of G. fuliginosa, G. redunca, G. vulcanica, G. andreaeacea, G. navicularis, and G. torquata var. flettii show correspondence in leaf
shape (Figs. 16.25, 16.28, 16.31, 16.34, 16.38, 16.45), cells in leaf base and transitional
part (Figs. 16.26, 16.29, 16.32, 16.35, 16.39, 16.46), and costal architecture (Figs. 16.27,
16.30, 16.33, 16.36, 16.40, 16.47) with the type specimen of G. elongata. The type
specimens of G. decalvata, G. tolucencis, G. incurva var. rhaetica, and C. japonicus show
correspondence in costal architecture (Figs. 16.37, 16.41-42, 16.43, 16.44) with the type
specimen of G. elongata.

Figure 16. cont.– Grimmia elongata Kaulf.: 22, leaf ; 26, cells in leaf base and transitional part ; 28, leaf ; 34, leaf ;
35, cells in leaf base and transitional part; 38, leaf; 39, cells in leaf base and transitional part.
[1, 4-5, 13-16, 18-21, Lüth 3265 (G) ; 2, Lorentz s.n. (GOET) ; 3, Maier 7824 (G) ; 6, 9-10, 12, Greenwell B-125 (G) ;
7-8, 11, 17, Mizushima 584 (G). Analysis of the type specimens : Grimmia elongata Kaulf.: 22-24, Kaulfuss s.n. (B) ; Grimmia
fuliginosa Müll. Hal.: 25-27, Liebmann s.n. (BM); Grimmia redunca Mitt.: 28-30, Hooker 294 (NY); Grimmia vulcanica Besch.:
31-33, Lépervanche s.n. (BM) ; Grimmia andreaeacea Müll. Hal.: 34-36, s.coll. s.n. (BM) ; Grimmia decalvata Cardot : 37, Faurie
3316 (H-BR) ; Grimmia navicularis Herzog : 38-40, Herzog s.n. (JE) ; Grimmia tolucensis Cardot : 41, Pringle 27a (PC - lectotype), 42, Pringle 27a (JE - isolectotype) ; Grimmia incurva var. rhaetica J. Amann : 43, Amann B.H. 89.1.4 (ZT) ; Coscinodon
japonicus Sakurai: 44, Takaki 877 (MAK); Grimmia torquata var. flettii (Holz.) Vaar.: 45-47, Flett s.n. (NY)]
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Comments.– Stratosity of lamina and margin variable; leaf base unistratose, laminal part
to different extents bistratose, margins may be tristratose. Setae in most cases are straight or
slightly inclined, however, plants with inclined or arcuate setae and longer leaves may be
found especially at high altitudes. Forms with inclined setae, and with longer, patent leaves
have been named G. elongata var. patula (LIMPRICHT, 1889: 754).
Distribution.– Africa : La Réunion, South Africa. Asia : India, Japan, Nepal, Taiwan.
Central America : Mexico. Europe : Austria, Germany, Italy, Norway, Switzerland, U.K.
(Scotland). North America: U.S.A. (Washington), Hawaii. South America: Argentina, Bolivia,
Chile, Colombia, Venezuela.
Habitat and substrate.– On boulders in sunny places, in proximity to streams and
glaciers, on the rim of craters, on irrigated rock, in crevices of boulders ; on siliceous and
volcanic rock, slate, from 500 to 4800 m.
Specimens examined (45), selected for description : AUSTRIA. Tirol : Velbertauern, 646600’ Molendo, 1865, Lorentz s.n. (GOET) ; Felbertauern, 2100-2200 m, 1865, Reuter s.n.
(G). JAPAN. Nagano : On exposed volcanic rocks, ca. 2800 m, Mt. Ontake, 20.VIII.1954,
Mizushima 584 (G). VENEZUELA. Merida : Anden, Seilbahn zum Pico Bolivar, vorletzte
Station, Paramos, auf Felsblock, Gneis, 4050 m, 15.II.2001, Lüth 3265 (G, Lüth). U.S.A.
Hawaii : From the edge of caves and surrounding area. Maune Kea. 13.000 ft., 20.X.1952,
Greenwell B-125 (G).

17. Grimmia funalis (Schwägr.) Bruch & Schimp., Bryol. Eur. 25-28, Grimmia : 17. 1845
(Figs. 17.1-20, 38).
 Trichostomum funale Schwägr., Sp. Musc. Frond. Suppl. 1(1): 150. 1811.
Type : [POLAND/CZECH REPUBLIC]: um die Schneekoppe, L[udwi]g ex
parte, s.d., Ludwig s.n. (Lecto-: G) (lectotypified by GEISSLER & MAIER, 1995 : 500)
(Figs. 17.21-23, from Ludwig s.n., G, reproduced from GEISSLER & MAIER, 1995: 508).
 Grimmia ryanii Bryhn in Nyt Mag. Naturvidensk. 34: 73. 1893.
Type : NORWAY: Norvegia, Christians Amt. Jotunheimen, prope Leirungsboden
in rup. siccis. Alt. metr. 1150, VIII.1890, Kaurin & Ryan s.n. (Lecto-: NY, not
seen ; isolecto-: G) (lectotypified and synonymized by MUÑOZ & PANDO, 2000:
30) (Figs. 17.24-26, from Kaurin & Ryan s.n., G).

Figure 17.– Grimmia funalis (Schwägr.) Bruch & Schimp.: 1, perichaetial leaf ; 2, perigonial leaf ; 3, plant with sporophyte ; 4, transverse section of stem ; 5, leaves ; 6, outlines of transverse leaf sections ; 7, cells in leaf base ; 8, cells in transitional
part ; 9, transverse section of leaf ; 10, exothecial cells ; 11, calyptra ; 12, opercula ; 13, cells of operculum at base ; 14-15, peristomes, outer side; 16-17, peristome teeth, longitudinal sections; 18, young shoot; 19, leaflets of young shoot; 20, apical part of
hair-point less leaf.
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 Grimmia brittoniae R. S. Williams in Bull. Torrey Bot. Club 27: 316. 1900.
Type : U.S.A. Montana : Columbia Falls, Mont., 2.IV.1894, Williams 223 (Lecto-:
NY; isolecto-: NY) (lectotypified and synonymized by MUÑOZ, 2000c : 99) (Figs.
17.27-29, from Williams 223, NY).
 Grimmia funalis var. leptodictyon Herzog in Kryptog. Forsch. 1: 292. 1919.
Type: ROMANIA: Transsilvan. Alpen. An Felsen einer Bachschlucht zwischen Poiana
lunga und Fruntu, ca. 1000 m, XI.1916, Herzog s.n. (Lecto-: JE) (lectotypified and
synonymized by MUÑOZ & PANDO, 2000: 31) (Figs. 17.30-32, from Herzog s.n., JE).
 Grimmia torquata var. mutica Herzog in Loeske, Eur. Laubm. 1: 159. 1913.  G. torquata
f. mutica (Herzog) Loeske in Biblioth. Bot. 101: 157. 1930.
Type : SWITZERLAND. Grisons : An Gneisfelsen des Medjekopf (Seilhenker) ca.
2400 m, VIII.1899, Herzog s.n. (Lecto-: JE) (lectotypified and synonymized by MUÑOZ
& PANDO, 2000: 31) (Figs. 17.33-34, from Herzog s.n., JE).
 Grimmia ryanii f. tenuis J. Amann in E. Bauer, Musci Eur. & Amer. Exsicc.: n° 2215.
1932 [in sched.] [on label of specimen G corrected to 2115].
Type : SWITZERLAND. Grisons : An Gneisfelsen vor dem Morteratschgletscher,
1950 m, mit Grimmia torquata und Holleri, 10.IX.1930, Amann s.n. (Lecto-: MO,
not seen ; isolecto-: G) (lectotypified and synonymized by MUÑOZ & PANDO, 2000:
31) (Figs. 17.35-37, from Amann s.n., G).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 17.1) to 3 mm
long, shape as in stem leaves, slightly sheathing at lower half of leaf, margin in leaf base hyaline, costa excurrent into elongate, nearly smooth, decurrent hair-point ; male : perigonia
as multifoliose buds on short stalks terminal and in leaf axils, innermost perigonial leaf
(Fig. 17.2) to 0.7 mm long, sheathing, concave, ovate, hyaline cells reaching mid-leaf, costa
vanishing below obtuse apex, antheridia with numerous paraphyses. Growth form : male
plants in separate cushions, apices of stem leaves in most populations muticous (Fig. 17.20),
rarely with few hyaline cells, cushions dense, disintegrating easily, catenulate young shoots
(Fig. 17.18) originating from older stems, leaflets broad ovate, concave, their apices closely
appressed to stem (Fig. 17.19), thus producing a rope-like aspect, female plants with stems to
50 mm long, plants erect (Fig. 17.3), branched, not radiculose at base, central strand
(Fig. 17.4) developed, in rare cases lacking, cells thin-walled, sharply differing from the thickwalled, orange tinged cortical and epidermial cells, the latter with narrow lumina. Leaves
(Fig. 17.5) 1.5 to 1.8 mm long, on stem base small, on stem-tip larger, crowded, forming
tufts, spirally imbricate when dry, rigid, scarcely bending when moistened, erectopatent when

Figure 17. cont.– Grimmia funalis (Schwägr.) Bruch & Schimp.: 21, leaf ; 22, cells in leaf base ; 23, transverse section
of leaf; 24, leaf; 25, cells in leaf base; 26, transverse section of leaf; 27, leaf; 28, cells in leaf base; 29, transverse section of leaf;
33, leaf; 34, cells in leaf base; 35, leaf; 36, cells in leaf base; 37, transverse section of leaf; 38, epidermal cells of seta.
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wet, lanceolate from ovate, often orange tinged leaf base, one side rounded, opposite side
nearly straight, hair-point short to elongate, nearly smooth ; leaf form in situ (Fig. 17.6) in
lower part widely keeled or concave, in laminal part keeled, margin recurved on straight side
from leaf base to widest part of leaf ; basal paracostal cells (Fig. 17.7) elongate-rectangular,
walls thickened, nodulose, occasionally nearly smooth (Fig. 17.36), at margin 2 rows of
rectangular hyaline cells, walls smooth, in transitional part (Fig. 17.8) cells rectangular, walls
thickened, sinuose, in upper laminal part nearly isodiametric, lumina rounded, walls thickened ; seen in transverse section (Fig. 17.9), leaf base unistratose, laminal part in places
bistratose or, occasionally, completely bistratose, at margin some cell rows bistratose. Costa,
seen on dorsal side (Fig. 17.5), weak in leaf base, broad in upper part, from insertion to apex
percurrent in S-shape, seen in transverse section (Fig. 17.9), dorsal side at insertion and in
leaf base slightly rounded, in laminal part prominent, rounded, ventrally in leaf base channelled, in laminal part narrowly so, at insertion and in leaf base 4 guide cells, the 2 outer ones
contiguous with the basal cells, in laminal part 2 narrowly elliptical guide cells, obliquely
arranged to leaf axis, at insertion and in lower part of leaf a median group of hydroids and
some substereids, in upper part of leaf costal cells nearly homogeneous.
Sporophyte. Seta (Fig. 17.3) to 3.2 mm long, straight when dry, arcuate or curved
when wet, epidermal cells (Fig. 17.38) in lower part arranged parallel to axis, in upper part
turning to the right, vaginula 0.5-0.7 mm long, cylindrical, with ochrea. Capsule emergent,
horizontal or pendent, ovate, with 8 fine ribs, exothecial cells (Fig. 17.10) mostly elongatehexagonal, thin-walled, seen in transverse section of capsule, exterior walls smooth, stomata
at short neck, annulus of 3-4 rows of small cells, detaching as groups in spirals or singly.
Calyptra (Fig. 17.11) mitrate, lobed, covering half of the capsule. Operculum conical
(Fig. 17.12), beak straight, obtuse, of different lengths, base smooth (Fig. 17.13), formed by
2 rows of isodiametric cells, in conical part cells short-rectangular, pentagonal or hexagonal.
Peristome (Figs. 17.14-15) teeth erect when dry, lanceolate, in upper part split into 2 divisions or perforate, separated down to insertion, trabeculae either small or broad, dorsal side in
lower part smooth, upper dorsal side and ventral side densely covered with sharp papillae,
seen in longitudinal sections (Figs. 17.16-17), teeth inserted near orifice, 2-3 layers of cells
between exothecium and teeth present, dorsal plates thicker than ventral plates, trabeculae
close together, protruding bluntly in lower half, more or less sharply in upper half, occasionally prostome present. Spores 14-18 μm, finely papillose.

Figure 17. cont.– Grimmia funalis (Schwägr.) Bruch & Schimp.: 30, leaf; 31, cells in leaf base; 32, transverse section of leaf.
[1, 4-9, 11-14, 16, 18-19, 38, Maier s.n. (G); 2, Maier 8023 (G); 3, 10, 15, 17, Sauter s.n. (GOET); 20, Culmann s.n.
(Z). Analysis of the type specimens : Grimmia funalis (Schwägr.) Bruch & Schimp.: 21-23, Ludwig s.n. (G) ; Grimmia ryanii
Bryhn : 24-26, Kaurin & Ryan s.n. (G) ; Grimmia brittoniae R. S. Williams : 27-29, Williams 223 (NY) ; Grimmia funalis var.
leptodictyon Herzog : 30-32, Herzog s.n. (JE) ; Grimmia torquata f. mutica (Herzog) Loeske : 33-34, Herzog s.n. (JE) ; Grimmia
ryanii f. tenuis J. Amann: 35-37, Amann s.n. (G)]
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Diagnostic characters.– Gametophyte. Catenulate young shoots (Fig. 17.18) originating
from the base of the cushions, small central strand of thin-walled cells, sharply differing from
the thick-walled, orange tinged cortical cells, the epidermial cells with narrow lumina. Leaves
asymmetric, margin of straight side recurved. Costa in an S-shape from leaf base to apex,
stout in upper part; seen in transverse section, in laminal part 2 narrowly elliptical guide cells
obliquely arranged to leaf axis. Sporophyte. Peristome teeth inserted near orifice.
Comparison of the specimens examined with the type specimen of G. funalis shows correspondence in leaf shape (Fig. 17.21), cells in leaf base (Fig. 17.22), and costal architecture
(Fig. 17.23).
Argumentation for synonymy.– The type specimens of G. ryanii, G. brittoniae, G. funalis
var. leptodictyon, and G. ryanii f. tenuis show correspondence in leaf shape (Figs. 17.24,
17.27, 17.30, 17.35), cells in leaf base (Figs. 17.25, 17.28, 17.31, 17.36), and costal architecture (Figs. 17.26, 17.29, 17.32, 17.37) with the type specimen of G. funalis. The type
specimen of G. torquata f. mutica shows correspondence in leaf shape (Fig. 17.33) and cells in
leaf base (Fig. 17.34) with the type specimen of G. funalis.
Comments.– The specimen G. ryanii f. tenuis was collected by Jules Amann on 10 September 1930. Following MUÑOZ & PANDO (2000: 31) it was published in Bauer, Musci
Europ. et Amer. Exsiccati with the number 2215 in the series 43 of 1931. A specimen was
deposited in the Delessert herbarium (G) in 1932 with the corrected number 2215. Regarding the publication dates and the series numbers given in SAYRE (1971: 182) a certain amount
of confusion becomes apparent. The date 1931 is not cited in SAYRE (1971) and the series
number 43 corresponds to the publication year 1932. The exsiccati number 2215 must be
excluded because it belongs to the series number 45 with a publication date of 1934. Since
the specimen was deposited in the Delessert herbarium in 1932 a publication date of 1934
is not feasible. The corrected number 2215 belongs to the series 43 that was published on
1 June 1932, given for collections made between 15 April 1930 and 1 June 1932, including
Amann’s collection of 10 September 1930.
Leaves of male plants often lack hair-points, and when lacking the apices have a general
cell pattern (Fig. 17.20), common to muticous leaves of various Grimmia species.
LOESKE (1913 : 159) mentions plants of G. torquata with muticous leaves, found by
Herzog in the Swiss Alps (Grisons), who named them G. torquata var. mutica. Later
on, LOESKE (1930: 157) refers to Herzog’s G. torquata var. mutica and changes the status
of this name to G. torquata f. mutica. This infraspecific taxon turned out to be G. funalis.
Comparing the leaf shape of G. torquata (Fig. 48.8) with that of a hair-pointless G. funalis
(Fig. 17.35) the resemblance is striking. When examining the S-shaped costa from the leaf
base to the apex and the asymmetric leaf shape in the apical region the name originally given
to this material by Herzog is understandable.
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Catenulate or string-like young shoots are a specific feature of G. funalis. This feature
is more easily seen on the reverse side of the cushions. The epithet funalis, in Latin, means
‘rope-like’. The lectotype and all isolectotypes of G. brittoniae housed in NY show these structures (Fig. 17.18), supporting the synonymy of this name with G. funalis. GREVEN &
SPRIBILLE (1999: 116) treat G. brittoniae at the specific level. However, its representative characters are typically those of G. funalis.
Distribution.– Asia : India, Japan, Mongolia, Turkey. Europe : Austria, France, Iceland,
Norway, Poland, Romania, Switzerland, U.K. (Scotland). North America: U.S.A. (Montana);
Canada (Labrador).
Habitat and substrate.– In mostly shady, occasionally humid places ; on siliceous rock,
from 260 to 3800 m.
Specimens examined (150), selected for description : AUSTRIA. Pinzgau : mis. Hampe,
1866, Sauter s.n. (GOET). SWITZERLAND. Bern : Lötschenpass, 2600 m, 16.VIII.1909,
Culmann s.n. (Z) ; Valais : Finhaut, Felsplatten, feuchte Stellen, Silikatgestein, 1270 m, 24.V.
1993, Maier 8023 (G); Vernayaz, Felswand, S-Exp., Silikatgestein, Laubwald, am Saum, 570 m,
3.IV.2002, Maier s.n. (G).

18. Grimmia fuscolutea Hook., Musci Exot. 1: sub tab. 63. 1818 (Figs. 18.1-15, 32).
Type : [South America]: 2673. S. Am., Humboldt 50 (Lecto-: BM) (lectotypified by
MUÑOZ & PANDO, 2000: 31) (Figs. 18.16-18, reproduced from MAIER, 2002b :
179).
 Grimmia apiculata Hornsch. in Flora 1: 329. 1818 [nom. nud.].  G. affinis Hornsch.
in Flora 2: 85. 1819.  G. apiculata Hornsch. in Flora 2: 443. 1819 [nom. illeg.].
Type : [AUSTRIA]: Windischmattreyer Tauern, 1819, Hornschuch s.n. (Lecto-: B)
(lectotypified by DEGUCHI, 1979 : 165) (synonymized by CRUM, 1994 : 403) (Figs.
18.19-21, from Hornschuch s.n., B).
 Grimmia holleri Molendo in Flora 50: 39. 1867.
Type : [AUSTRIA]: Rauris, in Menge am Rande d. Baumregion 6-6200’; Glimmerschiefer, s.d., Holler s.n. (Holo-: M; iso-: M) syn. nov. (Figs. 18.22-24, from holotype
Holler s.n., M).
 Grimmia flexicaulis Müll. Hal. in Linnaea 43: 454. 1882.
Type: [BOLIVIA]: Cuesta de Pinos: Abstieg von der hohen Puna zum Thal von Tarija
in Bolivia, 27.III.1873, Lorentz s.n. (Lecto-: JE) (lectotypified by DEGUCHI, 1987: 22)
(synonymized by MUÑOZ, 1999a: 136) (Fig. 18.25, from Lorentz s.n., JE).
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 Grimmia quatricruris Müll. Hal. in Linnaea 43: 462. 1882.
Type : [ARGENTINA]: Argentinia subtropica, Cuesta de Pinos, in descenci ab alta
Puna in convallem Tarija Boliviae, 27.III.1873, Lorentz s.n. (Lecto-: BM ; isolecto-:
PC) (lectotypified and synonymized by MUÑOZ, 1999a : 136) (Fig. 18.26, from
Lorentz s.n., BM).
 Grimmia unicruris Müll. Hal. in Linnaea 43: 463. 1882.
Type : [ARGENTINA]: Cuesta de Pinos, 27.III.1873, s.coll. s.n. (Lecto-: BM) (lectotypified and synonymized by MUÑOZ, 1999a: 136) (Fig. 18.27, from s.coll. s.n., BM).
 Grimmia trichophylloidea Müll. Hal. in Nuovo Giorn. Bot. Ital. ser. 2, 4: 127. 1897.
Type : [BOLIVIA]. Larecaja : Vicinus Sorata, Alt. 4500 m, IV.1860, Mandon 1633
(Lecto-: NY) (lectotypified and synonymized by MUÑOZ, 1999a : 138) (Fig. 18.28,
from Mandon 1633, NY).
 Grimmia subdoniana Nog. in Candollea 19: 175. 1964.
Type : NEPAL : Moraine près de Lobuje, 4870 m, 2.IV.1952, Zimmermann 301a
(Holo-: G ; iso-: G ; para-: G, Zimmermann 558) (synonymized with G. apiculata
Hornsch. by DEGUCHI, 1979: 165) (Figs. 18.29-30, from Zimmermann 301a, G).
 Grimmia sanii Greven in Bryologist 99: 429. 1996.
Type : [SOUTH AFRICA]. Natal : Crows’ nest. Mount aux Sources. Occasionally on
sheltered rock. Crevices on basalt, W aspect. Tifts [sic] to 6 cm diam. 10.000’, VII.
1947, Schelpe 2115 (Holo-: PRE; iso-: BOL) (synonymized by MUÑOZ, 1999a: 138)
(Fig. 18.31, from Schelpe 2115, PRE).
Gametophyte. Monoicous. Female : innermost perichaetial leaf (Fig. 18.1) to 3.8 mm
long, sheathing in lower part, shape and cell pattern as in stem leaves, lower third hyaline, costa
excurrent into elongate, denticulate, slightly decurrent hair-point ; male : perigonia below
perichaetium in leaf axils as buds on short stalks, innermost perigonial leaf (Fig. 18.2) 0.8 mm
long, slightly sheathing, ovate, apex rounded or obtuse, hyaline to two-thirds of leaf length,
costa percurrent, antheridia with few paraphyses. Growth form : cushions compact, adherent
to substrate with rhizoids, from there young shoots originating, leaflets ovate, apex obtuse,
appressed to stem, apical part spreading, stems to 15 mm long, plants erect (Fig. 18.3),
branched in upper part, rhizoids in leaf axils, central strand (Fig. 18.4) well-developed. Leaves
(Fig. 18.5) to 1.5 mm long, crowded, imbricate, appressed to stem and slightly contorted

Figure 18.– Grimmia fuscolutea Hook.: 1, perichaetial leaf; 2, perigonial leaf; 3, plant with sporophyte; 4, transverse section
of stem; 5, leaf; 6, outlines of transverse leaf sections; 7, cells in leaf base; 8, cells in transitional part; 9, transverse section of leaf;
10, exothecial cells; 11, calyptra; 12, operculum; 13, cells of operculum at base; 14, peristome, outer side; 15, peristome tooth,
longitudinal section; 16, leaf; 21, transverse section of leaf; 29, leaf.
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when dry, slowly spreading when moistened, erect, stiff when wet, lanceolate or broad-lanceolate from ovate base, slightly asymmetric, tapering to acuminate apex, hair-point of different
lengths, nearly smooth. Leaf form in situ (Fig. 18.6) concave in leaf base, weakly plicate on
one side, keeled in lower laminal part, narrowly keeled in upper laminal part, margin recurved
or revolute on broader side from leaf base to laminal part, on opposite side weakly recurved,
in upper part both sides plane ; basal cells (Fig. 18.7) elongate, walls smooth or nodulose,
thin- or thick-walled, at margin 2 or 3 rows of shorter, hyaline cells, vanishing above leaf base,
in transitional part (Fig. 18.8) cells rectangular, walls strongly or scarcely sinuose, arranged in
strict, perpendicular rows parallel to costa, dorsal and ventral exterior cell walls distinctly
bulging or with joint thickenings, in apical part cells short-rectangular, walls sinuose ; seen in
transverse section (Fig. 18.9), leaf base unistratose, laminal part unistratose, bistratose in
places, apical part partly bistratose, in laminal part 1 or 2 marginal cell rows bistratose. Costa,
seen on dorsal side (Fig. 18.5), at insertion and in leaf base weak, enlarged in laminal part,
excurrent into hair-point, in muticous leaves vanishing below apex, seen in transverse section
(Fig. 18.9), on dorsal side at insertion and in leaf base rounded or triangular, in laminal part
prominent, exterior walls occasionally bulging, on ventral side channelled, narrowly channelled in upper part, at insertion and in leaf base 4 guide cells, the 2 outer ones contiguous
with the basal cells, above broadest part of leaf reduced to 2 narrowly elliptical guide cells,
obliquely arranged to leaf axis, at insertion and in leaf base a median group of stereids or
hydroids present, transformed to substereids in upper laminal part, vanishing in apical part.
Sporophyte. Seta (Fig. 18.3) to 2.5 mm long, arcuate or curved, epidermal cells
(Fig. 18.32) arranged parallel to axis in the lower two-thirds, then turning to the right,
vaginula 0.8 mm long, cylindrical, ochrea small. Capsule emergent, horizontal or pendent, ovoid, of variable size, with neck, in mature state constricted below orifice, faintly
ribbed, occasionaly smooth, exothecial cells (Fig. 18.10) irregularly elongate, pentagonal,
walls curvilinear, thin or thick, seen in transverse section of capsule, exterior walls smooth,
stomata large, numerous at neck, annulus of 3-4 rows of cells, detaching as ring-like
fragments. Calyptra (Fig. 18.11) mitrate, lobed, covering operculum. Operculum
(Fig. 18.12) conical, beak obtuse of variable length, base smooth (Fig. 18.13), formed
by some rows of rounded or short-rectangular cells, in conical part cells rounded-rectangular,

0.1 mm
17-18, 22, 23-24,
28, 30-31

1 mm
19, 22

Figure 18. cont.– Grimmia fuscolutea Hook.: 17, cells in leaf base; 18, transverse section of leaf; 19, leaf; 20, cells in leaf
base; 22, leaf; 23, cells in leaf base; 24, transverse section of leaf; 28, transverse section of leaf; 30-31, transverse section of leaf.
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thin-walled. Peristome (Fig. 18.14) teeth spreading when dry, lanceolate, broad at base,
perforate longitudinally or split into 2 divisions, at dehiscence connected at base, subsequently separating, trabeculae small or thin, lower dorsal side covered with prickly papillae, upper dorsal side and ventral side densely covered with pointed papillae, seen in
longitudinal section (Fig. 18.15), teeth inserted below orifice, between exothecium and teeth
2-3 layers of cells present, dorsal plates thicker than ventral plates, trabeculae in upper part
distant, scarcely protruding. Spores 10-12 μm, granulose.
Diagnostic characters.– Gametophyte. Leaves at insertion and in leaf base on one side near
the costa with a plica ; all basal cells elongate. Costa dorsally mammillose, narrowly elliptical
guide cells obliquely arranged to leaf axis in laminal part. Sporophyte. Capsule constricted
below orifice after dehiscence, in mature state the lower part of capsule with 8 ribs.
Comparison of the specimens examined with the type specimen of G. fuscolutea shows
correspondence in leaf shape (Fig. 18.16), cells in leaf base (Fig. 18.17), and costal architecture
(Fig. 18.18).
Argumentation for synonymy.– The type specimens of G. apiculata and G. holleri show
correspondence in leaf shape (Figs. 18.19, 18.22), cells in leaf base (Figs. 18.20, 18.23),
and costal architecture (Figs. 18.21, 18.24) with the type specimen of G. fuscolutea. The type
specimen of G. subdoniana shows correspondence in leaf shape (Fig. 18.29), and costal architecture (Fig. 18.30) with the type specimen of G. fuscolutea. The type specimens of G. flexicaulis,
G. quatricruris, G. unicruris, G. trichophylloidea, and G. sanii show correspondence in costal architecture (Figs. 18.25, 18.26, 18.27, 18.28, 18.31) with the type specimen of G. fuscolutea.
Distribution.– Africa : South Africa (Natal). Asia : India, Japan, Nepal. Europe : Austria,
Norway, Switzerland. North America: Mexico. South America: Argentina, Bolivia, Ecuador.
Habitat and substrate.– In exposed and shady places, in alpine tundra, above the tree
line; siliceous and volcanic rocks, from 2300 to 5700 m.
Specimens examined (50), selected for description: MEXICO. Veracruz: La Perla, N Side of
Pico de Orizaba above the Piedra Grande mountaineering shelter. 19°03’N, 97°16’ W, 4600 m,
alpine tundra. Very steep slopes, of bare rock. The highest grown non-lichen. Abundant
and forming patches on boulder, 21.IX.1986, Nee & al. 33166 (MO). SWITZERLAND.
Grisons : Muottas da Muragl, 2800 m, in der ersten Höhle, 15.VIII.1969, Albrecht s.n. (Z) ;
Valais: Cabane de Valsorey, 3020 m, 21.VIII.1936, Greter s.n. (NMLU).

Figure 18. cont.– Grimmia fuscolutea Hook.: 25-27, transverse sections of leaf; 32, epidermal cells of seta.
[1-2, 10, 14-15, 32, Greter s.n. (NMLU); 3, 11-13, Albrecht s.n. (Z); 4-9, Nee & al. 33166 (MO). Analysis of the type specimens: Grimmia fuscolutea Hook.: 16-18, Humboldt 50 (BM); Grimmia apiculata Hornsch.: 19-21, Hornschuch s.n. (B); Grimmia
holleri Molendo : 22-24, Holler s.n. (M) ; Grimmia flexicaulis Müll. Hal.: 25, Lorentz s.n. (JE) ; Grimmia quatricruris Müll. Hal.:
26, Lorentz s.n. (BM); Grimmia unicruris Müll. Hal.: 27, s.coll. s.n. (BM); Grimmia trichophylloidea Müll. Hal.: 28, Mandon 1633
(NY); Grimmia subdoniana Nog.: 29-30, Zimmermann 301a (G); Grimmia sanii Greven: 31, Schelpe 2115 (PRE)]
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19. Grimmia handelii Broth. in Sitzungsber. Akad. Wiss. Wien, Math.-Naturwiss. Kl.,
Abt. 1 133: 567. 1924 (Figs. 19.1-12).
Type : CHINA. Prov. Setschwan austro-occid.: in montis Tschahungnyotscha supra
vicum Ngaitschekou trans flumen Yalung ad septentr. oppidi Yenyüen ca. 28°15’, siti
regione alpina, ad rupes. Substr. schistaceo ; alt. s.m. ca. 4150-4300 m, 27.V.1914,
Handel-Mazzetti [2667] 498 (Holo-: H-BR ; iso-: S) (Figs. 19.13-15, from HandelMazzetti [2667] 498, H-BR).
Gametophyte. Dioicous ? Female : perichaetia not seen ; male : perigonia not seen.
Growth form : cushions lax, disintegrating easily, interwoven with young, radiculose shoots
(Fig. 19.1), leaflets (Fig. 19.2) of spade-like shape, appressed to stem, apices spreading, producing a bristly aspect, stems to 40 mm long originating from young shoots (Fig. 19.3),
plants procumbent to suberect, sparsely branched, central strand (Fig. 19.4) well-developed.
Leaves (Figs. 19.5-6) to 2 mm long, crowded, loosely bent towards stem, apices slightly contorted and spreading when dry, when moistened older leaves suddenly recurving, young leaves
erectopatent, older leaves patent when wet, from elongate-ovate leaf base lanceolate, tapering
to muticous (Fig. 19.7), acute apex, occasionally leaves with few transparent cells in apex ;
leaf form in situ (Fig. 19.8) at insertion weakly concave, in laminal part keeled, margin in
leaf base on one side markedly recurved, on other side slightly so ; basal leaf cells (Fig. 19.9)
elongate-rectangular, walls smooth or faintly nodulose, at margin 3-4 rows of rectangular
cells, walls smooth, in transitional part (Fig. 19.10) cells short-rectangular to isodiametric,
walls more or less sinuose, above leaf base cells small, thick-walled, rounded or oval, in apical
part (Fig. 19.11) cells rounded, costal cells of the same shape (Fig. 19.11), seen in transverse
section (Fig. 19.12), leaf base unistratose, laminal part unistratose, to a large extent or in
places bistratose, margin unistratose, in upper part some cell rows uni- to tristratose. Costa,
seen on dorsal side (Figs. 19.5-6), of uniform width throughout, vanishing below apex, seen
in transverse section (Fig. 19.12), on dorsal side at insertion rounded, slightly mammillose,
in leaf base and in upper part of leaf rounded, slightly contracted at origin of lamina, ventrally
at insertion and in leaf base widely channelled, in laminal part channelled, at insertion and
in lower part of leaf 4 guide cells, in upper part 2 guide cells, a median band of stereids or
substereids, vanishing below apex, hydroids lacking.
Sporophyte lacking.
Diagnostic characters.– Gametophyte. Growth form, leafy stems originating from strongly
radiculose young shoots of bristly aspect. Leaves apices muticous or with few transparent cells,
hair-point lacking. Costa hydroids lacking.
0.1 mm
4, 7, 9-12, 14-15

0.4 mm
8

1 mm
2, 5-6, 13

Figure 19.– Grimmia handelii Broth.: 1, young shoot; 2, leaflets of young shoot; 3, plant; 4, transverse section of stem;
5-6, leaves ; 7, cells at apex ; 8, outlines of transverse leaf sections ; 9, cells in leaf base ; 10, cells in transitional part ; 11, cells in
apical part near costa; 12, transverse section of leaf; 13, leaf; 14, cells in leaf base; 15, transverse section of leaf.
[1-3, 5, Long 16783 (E, G); 4, 6-12, Kullak s.n. (G, Lübenau). Analysis of the type specimen: Grimmia handelii Broth.:
13-15, Handel-Mazzetti [2667] 498 (H-BR)]
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Comparison of the specimens examined with the type specimen of G. handelii shows correspondence in leaf shape (Fig. 19.13), cells in leaf base (Fig. 19.14), and costal architecture
(Fig. 19.15).
Comment.– Strongly radiculose young shoots of bristly aspect distinguish G. handelii
from any other Grimmia species producing shoots, and treated in this study.
Distribution.– Asia: Nepal.
Habitat and substrate.– On moraines and scree; on siliceous rock, schist, from 3800 m to
4500 m.
Specimens examined (13), selected for description : NEPAL. Khumbal-Tal : Unterhalb
Tengpoche, auf Gestein, ~ 3800 m, II.2005, Kullak s.n. (G, Kullak) ; Langtang Area : W
bank of Ghunsa Khola between Rambuk Kharka and Kambachen 27°43’N, 87°58’E ; large
block scree on slope of valley; on large boulder, c. 4050 m, 9.IX.1989, Long 16783 (E, G).

20. Grimmia hartmanii Schimp., Syn. Musc. Eur.: 214. 1860 (Figs. 20.1-27).
Type : SWEDEN : Grimmia incurva Schw. Circa Holmiam vulgaris, in Wermlandia
rarus, 1854, Lindberg s.n. (Lecto-: BM) (lectotypified by GEISSLER & MAIER, 1995 :
501) (Figs. 20.28-30, from Lindberg s.n., BM, reproduced from GEISSLER & MAIER,
1995: 508).
 Grimmia borneensis Dixon & Herzog in Hedwigia 66: 344. 1926.
Type : [INDONESIA]. Borneo : Fl. von Borneo, 1913, Wegner s.n. (Holo-: JE) (synonymized by DEGUCHI, 1986: 328) (Figs. 20.31-33, from Wegner s.n., JE).
 Grimmia hartmanii f. atra H. Möller in Ark. Bot. 26A(2): 91. 1934.
Type: [SWEDEN]: Gästrickland. Torsåker, Korsån, 15.VIII.1911, Möller s.n. (Lecto-: S)
(lectotypified and synonymized by MUÑOZ & PANDO, 2000: 35) (Fig. 20.34, from Möller
s.n., S).
 Racomitrium patens var. brachydictyon Cardot in Bull. Herb. Boissier ser. 2, 8 : 333.
1908.  Grimmia brachydictyon (Cardot) Deguchi in J. Sci. Hiroshima Univ., Ser. B,
Div. 2, Bot. 16: 173. 1979.
Type : JAPAN : Namikawa, rochers, à 800 m, 1904, Faurie 2807 (Holo-: PC, not
seen ; iso-: H-BR) (synonymized by MUÑOZ & PANDO, 2000: 35) (Figs. 20.35-36,
from Faurie 2807, H-BR).
Figure 20.– Grimmia hartmanii Schimp.: 2, perigonial leaf; 3, plant; 4-5, transverse sections of stem; 7-8, leaves; 9, apex;
10, apex mutilate by propagule formation ; 12, outlines of transverse section of leaf ; 13, cells in leaf base and transitional part ;
14-15, transverse sections of leaf; 19, epidermal cells of seta; 20, exothecial cells; 21, stomata; 22-23, calyptrae, 24, operculum;
25, cells of operculum at base.
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Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 20.1) to 3.5 mm
long, lanceolate from elongate hyaline leaf base, scarcely sheathing, costa percurrent, hairpoint short, denticulate; male : perigonia in leaf axils as multifoliose buds, innermost perigonial leaf (Fig. 20.2) 1 mm long, broad, strongly sheathing to apical part, obtuse, apiculate,
costa ending below apex. Growth form : cushions lax, adherent to substrate, stems to 70 mm
long, plants radiculose at base (Fig. 20.3), from creeping base ascending, branched, fastigiate,
central strand (Figs. 20.4-6) lacking, cortical cells large, nearly uniform, sharply differentiated from brownish epidermis, constituted by at least 2 rows of stereids with very narrow
lumina. Leaves (Figs. 20.7-8) to 2.7 mm long, densely and loosely arranged on stem, apices
of leaves on stem-tip slightly spreading when dry, quickly bending backwards when moistened, patent or more or less secund when wet, often falcate (Fig. 20.8), from elongate-ovate,
at insertion slightly narrowed, slightly decurrent leaf base with fragile auricles, tapering
to acute apex, hair-point (Fig. 20.9) short to elongate, denticulate, often multicellular clusters
of rounded gemmae at apex present, after their release the apex is mucronate or truncate
(Figs. 20.10-11) ; leaf form in situ (Fig. 20.12) concave in leaf base, keeled in laminal part,
margin recurved on one side from insertion to upper half of leaf ; 2 or 3 rows of basal paracostal cells (Fig. 20.13) elongate-rectangular, the contiguous cells rectangular with smooth or
slightly nodulose walls, towards margin cells isodiametric, walls smooth, lumina quadrate or
rounded, cells in transitional (Fig. 20.13) and laminal part isodiametric and short-rectangular, walls smooth or sinuose ; seen in transverse sections (Figs. 20.14-18), leaf unistratose
throughout, rarely bistratose in upper part of leaf, at margin from above insertion to apical
part some marginal rows of cells bistratose. Costa, seen on dorsal side (Fig. 20.8), stout
from insertion to upper half of leaf, attenuated to apex, excurrent, seen in transverse sections
(Figs. 20.14-18), on dorsal side at insertion and in lower laminal part rounded, in upper laminal part irregularly shaped, often angulate or winged (Fig. 20.18), on ventral side at insertion
and in lower laminal part widely channelled, in upper part channelled, at insertion and in leaf
base 6 guide cells, in lower laminal part reduced to 4 guide cells, in upper part to 2, from leaf
base to apical part scattered stereids, hydroids lacking.
Sporophyte. Seta 3.0-4.5 mm long, straight in dry state, in wet state straight or
inclined, epidermal cells (Fig. 20.19) turning to the right, vaginula 1 mm long, cylindrical,
ochrea lacking. Capsule emergent, erect, cylindrical, smooth, exothecial cells (Fig. 20.20) of
different shapes, elongate-ovale, rounded, walls thickened, seen in transverse section of capsule, exterior walls smooth, stomata (Fig. 20.21) at base of short neck, at orifice (Fig. 20.26)
2 or 3 rows of rounded, hyaline cells, the lower ones may be considered as a persistent annulus, the cells of the distal row detaching individually. Calyptra (Figs. 20.22-23) cucullatemitrate. Operculum (Fig. 20.24) conical, beak long, straight, base smooth (Fig. 20.25),
formed by rounded cells, walls thickened. Peristome (Fig. 20.26) teeth irregularly spreading
when dry, lanceolate, perforate in upper half, in lower third entire, trabeculae broad throughout, the basal part of dorsal side smooth, 3 or 4 subsequent plates covered with fine papillae,

Figure 20. cont.– Grimmia hartmanii Schimp.: 1, perichaetial leaf ; 16-18, transverse sections of leaf ; 26, peristome
tooth, outer side; 27, peristome tooth, longitudinal section; 28, leaf; 31, leaf.
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the upper half densely covered with rounded papillae, ventral lower side smooth, upper part
covered with rounded papillae, seen in longitudinal section (Fig. 20.27), teeth inserted below
orifice, 5 layers of small cells between exothecium and teeth present, the outer 2 layers extending beyond the rim (Fig. 20.27) may be considered as a prostome, outer cell plates thicker
than inner ones, trabeculae in lower third close together, above distant, protruding. Spores
11-14 μm, finely papillose.
Diagnostic characters.– Gametophyte. Leaves in wet state more or less secund. Apical
cells occasionally develop clusters of rounded gemmae, after propagule-formation the apical cells
are altered (Figs. 20.10-11) forming mucronate or truncate leaf-points. Stem with nearly
uniform cortical cells, surrounded by an epidermis formed by 2-3 rows of stereids with
narrow lumina of brownish colour, central strand lacking.
Comparison of the specimens examined with the type specimen of G. hartmanii shows
correspondence in leaf shape (Fig. 20.28), cells in leaf base (Fig. 20.29), and costal architecture (Fig. 20.30).
Argumentation for synonymy.– The type specimen of G. borneensis shows correspondence
in leaf shape (Fig. 20.31), cells in leaf base (Fig. 20.32), and costal architecture (Fig. 20.33)
with the type specimen of G. hartmanii. The type specimen of G. hartmanii f. atra shows
correspondence in costal architecture (Fig. 20.34) with the type specimen of G. hartmanii.
The type specimen of G. brachydictyon shows correspondence in cells in leaf base (Fig. 20.35),
and costal architecture (Fig. 20.36) with the type specimen of G. hartmanii.
Comments.– Grimmia hartmanii rarely develop sporophytes. At the end of the nineteenth century, PHILIBERT (1887 : 49) collected plants with sporophytes in Corsica which are
kept in AUT. Unfortunately, the state of the capsules is not appropriate for a correct study of
the peristome characters. In 2004 and 2005, the French bryologist Jeannette Chavoutier
found a colony of sporophyte bearing plants in the French Alps. In 2007, Peter Erzberger collected capsule bearing plants in the Bjelasica Mountains in Montenegro. These specimens
both have the characters of the sporophyte described above.
BECK & SZYSZYŁOWICZ (1888: 29) described G. hartmanii var. montenegrina Breidler &
Szysz. as differing from G. hartmanii by its costa being prominent and grooved in the apical
part on the dorsal side. MUÑOZ & PANDO (2000: 105) stated that they had difficulty finding

Figure 20. cont.– Grimmia hartmanii Schimp.: 6, transverse section of stem; 11, apex mutilate by propagule formation;
29, cells in leaf base; 30, transverse section of leaf; 32, cells in leaf base; 33-34, transverse sections of leaf; 35, cells in leaf base;
36, transverse section of leaf.
[1, 4, 7-8, 14, 19-22, 24-27, Chavoutier 9351 (G); 2, 9, Siegel s.n. (G); 3, Maier 8683 (G); 5, Ratcliff s.n. (E); 6, 11, Faurie
2807 (H-BR - isotype); 10, Isiba s.n. (G); 12, 16, Maier 8909 (G); 13, Maier 9009 (G); 15, Greter s.n. (NMLU); 17, Crundwell
s.n. (E); 18, Erzberger 10917b (Erzbeger, G); 23, Philibert s.n. (PC). Analysis of the type specimens: Grimmia hartmanii Schimp.:
28-30, Lindberg s.n. (BM); Grimmia borneensis Dixon & Herzog: 31-33, Wegner s.n. (JE); Grimmia hartmanii f. atra H. Möller:
34, Möller s.n. (S); Grimmia brachydictyon (Cardot) Deguchi: 35-36, Faurie 2807 (H-BR)]

Grimmia hartmanii

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

6

36
35
34

34

30

30
29

33

11
32

0.1 mm
6, 11, 29-30, 32-36

Grimmia hartmanii

157

158

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

the location of the type for this name. Based on the original description and illustrations the
drawings in BECK & SZYSZYŁOWICZ (1888: Table II) show the main diagnostic characters such
as the architecture of the costa and the anatomy of the stem, in transverse section. These traits
and, more specifically the peristome characteristics illustrated, correspond perfectly with those of
G. hartmanii (Fig. 20.26). In this species, at the orifice 2-3 rows of rounded cells are present
and the lower ones may be considered as a persistent annulus, the cells of the distal row of the
annulus are singular. The longer leaves and the stronger papillosity of the peristome teeth were
considered by the authors to be only minor differences, thus the new taxon was described at
the varietal rank only. The congruence of the characters of G. hartmanii with those described for
G. hartmanii var. montenegrina, as seen in BECK & SZYSZYŁOWICZ (1888 : Table II), indicate
that the latter should be treated as a synonym of G. hartmanii.
Distribution.– Asia: Japan. Europe: Austria, Bulgaria, France including Corsica, Germany,
Montenegro, Serbia, Sweden, Switzerland, U.K. (Scotland, Wales).
Habitat and substrate.– In broadleaf woodlands, in mixed forests, on boulders in alpine
meadows, near lake shores; on gneiss, granitic rock, sandstone, from 450 to 2250 m.
Specimens examined (70), selected for description: BULGARIA: Rhodope, Pamporovo, an
den Felsen des Murgavetz, 26.IX.1974, Siegel s.n. (G, Siegel). FRANCE. Corsica : Vizzavona,
sur les rochers granitiques dans les forêts de hêtres, circa 1200 m, s.d., Philibert s.n. (PC) ;
Isère : Pinsot, Combe Grasse, Massif cristallin externe septentrional, Belledonne, 1220 m,
forêt mixte, sur rocher acide, 17.VIII.2005, Chavoutier 9351 (Chavoutier, G). JAPAN. Isl.
Yezo [Hokkaido]: Mt. Makkari, 15.VIII.1920, Isiba s.n. (G). SERBIA-MONTENEGRO. Serbia : Stara Planina, Planinarski dum Babin zub, 43°22’28.8 N, 22°36’59.1 E, am Fusse des
grossen Felsens, Silikatfels, senkrechte Fläche, ca. 1650 m, 25.VI.2005, Erzberger 10917b
(Erzberger). SWITZERLAND. Grisons: Bondo, Val Bondasca, 900 m, Bergwald, Mischwald,
2.VI.1994, Maier 8909 (G); Stampa, 940 m, Bergwiese, Stein, Silikat, 3.VI.1994, Maier 9009
(G); Obwalden : Engelberg, Trüebsee, alpiner Rasen, Sandstein, 1750 m, 1.VIII.1993, Maier
8683 (G); Engelberg, Niedersurenen, alpiner Rasen, trockene Gneisblöcke, 1370 m, s.d., Greter
s.n. (NMLU). U.K. [Scotland] Inverness : On boulders on the shore of Loch Cuaick near
Dalwhinnie, Inverness, 1340 ft., 29.VIII.1952, Crundwell s.n. (E) ; [Wales] Caernarvonshire:
Blocks in moist wooded ravine at about 500 ft., Afon Dulyn, Conway Valley, Caernarvonshire,
XI.1951, Ratcliff s.n. (E).
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21. Grimmia humilis Mitt. in J. Linn. Soc., Bot. 12: 100. 1869 (Figs. 21.1-11, 19).
Type : [CHILE]: Sandy point in fret. magell., s.d., Lechler s.n. (Lecto-: NY; isolecto-:
BM, PC) (lectotypified by MUÑOZ, 1999a : 140) (Figs. 21.12-14, from Lechler s.n.,
NY; Fig. 21.15, from Lechler s.n., BM; Figs. 21.16-18, from Lechler s.n., PC).
Gametophyte. Monoicous. Female : perichaetial leaves elongate, firmly rolled together,
innermost perichaetial leaf (Fig. 21.1) to 2 mm long, sheathing, from scarcely narrowed leaf
base tapering to apex, hyaline to above shoulder, costa of uniform width, percurrent to broad,
elongate, scarcely and smoothly denticulate hair-point ; male : perigonia in buds on stem
below perichaetium, innermost perigonial leaf (Fig. 21.2) 0.7 mm long, sheathing, ovate,
obtuse, hyaline besides in apical part, costa weak, ending below apex, paraphyses not seen.
Growth form : cushions lax, disintegrating, stems to 15 mm long, plants erect (Fig. 21.3),
branched, radiculose at branch axils, central strand (Fig. 21.4) well-defined, cortex cells thinwalled, epidermis cells scarcely thicker. Leaves in lower stem part short, lanceolate, in upper
part (Fig. 21.5) to 1.3 mm long, densely arranged, appressed to stem, hair-points spreading,
when moistened all leaves moving slowly to stiff, erectopatent position, from scarcely narrowed leaf base widening to transitional part, tapering to acute or acuminate apex conferring
to the laminal part a triangular shape, hair-point flat, distantly denticulate, often decurrent,
lumina visible ; leaf form in situ (Fig. 21.6) at insertion and in leaf base widely concave or
concave, in laminal part widely keeled, margins plane ; some rows of basal paracostal cells
(Fig. 21.7) elongate-rectangular, walls smooth, towards margin cells mostly quadrate, rarely
oblate, with thickened transverse walls, lamina cells irregular, isodiametric or short-rectangular, walls thick, lumina rounded ; seen in transverse section (Fig. 21.8), leaf base unistratose,
lamina irregularly bistratose (Fig. 21.8) or unistratose (Fig. 21.18) with bistratose marginal
cells. Costa, seen on dorsal side (Fig. 21.5), of uniform width, percurrent or excurrent, seen
in transverse section (Fig. 21.8) at insertion faintly mammillose, in basal and laminal part
rounded, on ventral side in lower half of leaf widely channelled, in upper part channelled, at
insertion and in leaf base 4 guide cells, the 2 outer ones contiguous with the basal cells, in
laminal part 2 guide cells, from insertion to apical part a median group of hydroids present.
Sporophyte. Seta to 2 mm long, curved, epidermal cells (Fig. 21.19) in lower half
arranged parallel to axis, in upper half turning to the right, vaginula 0.7 mm long, cylindrical,
with small ochrea. Capsule emergent, ovoid, ribbed, exothecial cells (Fig. 21.9) very large,
mostly hexagonal, walls thin, stomata in 1 or 2 rows at base of capsule, neck lacking, annulus
of 2-3 cell rows, detaching in fragments. Calyptra not seen. Operculum convex, obtuse
(Fig. 21.3). Peristome teeth (Figs. 21.10-11) broad-lanceolate, entire or perforate in upper
part, trabeculae small, becoming slightly broader in upper half, distant, on dorsal side the 2 or
3 lowest plates are smooth, the upper dorsal part and the ventral side are densely covered with
fine papillae. Spores 13-15 μm, finely granulose.

Figure 21. (p. 160).– Grimmia humilis Mitt.: 1, perichaetial leaf ; 2, perigonial leaf ; 3, plant with sporophyte ; 4, transverse section of stem; 5, leaf; 6, outlines of transverse leaf sections; 7, cells in leaf base; 8, transverse section of leaf; 9, exothecial
cells; 10-11, peristome teeth, outer side.
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Diagnostic characters.– Gametophyte. Leaves are markedly triangular shaped in the
laminal part ; the cells in the leaf base toward the margin are mostly quadrate, rarely
oblate, with strongly thickened transverse walls. Sporophyte. Capsule exothecial cells are
very large, with fine, thin walls.
Comparison of the specimen examined with the type specimens of G. humilis shows
correspondence in leaf shape (Figs. 21.12, 21.16), cells in leaf base (Figs. 21.13, 21.17), and
costal architecture (Figs. 21.14-15, 21.18).
Comments.– The description is based on a unique specimen lacking well-formed
capsules. The variable stratosity of the lamina is documented by the transverse sections of the
leaves from the specimen Santesson M 542 (Fig. 21.8) and the type specimens (Figs. 21.14,
21.15, 21.18). Further descriptions and drawings are given in DEGUCHI (1984 : 41) and
MUÑOZ (1999a: 141). According to the protologue, the calyptra is cucullate.
Distribution.– South America: Argentina, Chile.
Habitat and substrate.– On basaltic rock, from 100 to 800 m.
Specimen examined : ARGENTINA. Santa Cruz : Rio Gallegos Estancia Güer-Aike, on
basaltic rocks on the edge of the neseta just above the valley of Rio Gallegos, 16.III.1940,
Santesson M 542 (G).

Figure 21. cont. (p. 161).– Grimmia humilis Mitt.: 12, leaf ; 13, cells in leaf base ; 14-15, transverse sections of leaf ;
16, leaves; 17, cells in leaf base; 18, transverse section of leaf; 19, epidermal cells of seta.
[1-11, 19, Santesson M 542 (G). Analysis of the type specimens : Grimmia humilis Mitt.: 12-14, Lechler s.n. (NY) ;
15, Lechler s.n. (BM); 16-18, Lechler s.n. (PC)]
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22. Grimmia incurva Schwägr., Sp. Musc. Frond. Suppl. 1(1): 90. 1811 (Figs. 22.1-22).
Type : [AUSTRIA]: Glockner, s.d., s.coll. s.n. (Lecto-: G) (lectotypified by DEGUCHI,
1979: 190) (Figs. 22.23-25, from s.coll. s.n., G, reproduced from GEISSLER & MAIER,
1995: 508).
 Grimmia afro-incurva Broth. in Milbr., Wiss. Erg. Deut. Zentr.-Afr. Exped., Bot.:
148. 1910.
Type: [AFRICA]: Vulkan-Gebiet, Karisimbi, Gipfelkegel, 4000 m, IX-1907, Mildbraed
2085 (Lecto-: H-BR) (lectotypified and synonymized with G. fuscolutea Hook. by
MUÑOZ & PANDO, 2000: 33) syn. nov. (Figs. 22.26-28, from Mildbraed 2085, H-BR).
 Grimmia torngakiana Brassard & Hedd. in Mem. New York Bot. Gard. 45 : 216.
1987.
Type : CANADA. Labrador : Nachvak Fiord, Minaret Plateau, 58°55’N, 65°00’W,
1700 m elevation, turfs on mineral soil in seepage from late snowbed, 22.VII.
1983, Hedderson 1892 (Para-: G) (synonymized by MUÑOZ & PANDO, 2000: 37)
(Figs. 22.29-30, from Hedderson 1892, G).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 22.1) 2.5-3.0 mm
long, sheathing to mid-leaf, above broadest part plane, tapering to apex, cells hyaline in lower half
of leaf, walls more or less nodulose, in upper half sinuose, costa nearly of the same width throughout, excurrent into flat hair-point, weakly denticulate; male: perigonia not seen. Growth form:
cushions dense, adherent to substrate with rhizoids and young shoots with lanceolate leaflets,
appressed to stem of the shoot, stems to 20 mm long, plants erect, strongly branched (Figs. 22.23), central strand (Fig. 22.4) weakly developed or lacking. Leaves (Figs. 22.5-8) caducous, to
4 mm long, in lowest part of stem short, becoming longer in upper part, in upper part imbricate,
leaf base appressed to stem, apices loosely and irregularly arranged when dry, quickly bending
backwards when moistened, patent, in comal tuft nearly spreading when wet, from narrow, elongate-oval, decurrent leaf base elongate-lanceolate, tapering to acute apex, hair-point of variable
length, faintly denticulate; leaf form in situ (Fig. 22.9) at insertion and in leaf base concave, in
laminal part keeled, margin recurved on one side near insertion; basal cells (Fig. 22.10) elongaterectangular, walls straight, smooth or, rarely, faintly nodulose, towards margin slightly shorter, at
margin 2 rows of rectangular, hyaline cells, ending at broadest part of leaf, in transitional part
(Fig. 22.10) cells short-rectangular, walls scarcely or strongly (Fig. 22.11) sinuose, in upper part
of lamina cells isodiametric, lumina rounded; seen in transverse sections (Figs. 22.12-14), leaf
base unistratose, laminal part unistratose, rarely some cell rows bistratose, in apical part some cell
rows bistratose, some marginal cell rows bi-, rarely tristratose (Figs. 22.12-14), the exterior walls
of cells markedly thicker than the interior walls, best seen in upper part of lamina. Costa,
seen on dorsal side (Figs. 22.5-7), of nearly uniform width, slightly weaker at insertion,
ceasing below apex, lamina ending as subula, in middle part of lamina costal cells markedly
longer than proximate lamina cells, seen in transverse sections (Figs. 22.12-14), on dorsal side
in leaf base rounded, in laminal part prominent, on ventral side in leaf base widely channelled, in
laminal part narrowly channelled, at insertion and in leaf base 4 guide cells, the 2 outer ones
contiguous with the basal cells, in laminal part reduced to 2 guide cells, subula constituted of
homogeneous cells, from leaf base to below apical part hydroids or substereids present.
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Sporophyte. Seta (Fig. 22.2) to 2.5 mm long, straight, occasionally inclined, epidermal
cells (Fig. 22.15) turning to the right, vaginula 0.7 mm long, cylindrical, with ochrea. Capsule emergent or hidden in comal leaves, erect, obloid, exothecial cells (Fig. 22.16) irregular,
mostly elongate-rectangular, walls thin, seen in transverse section of capsule, exterior walls
smooth, stomata (Fig. 22.17) at capsule base, neck lacking, annulus of 2-3 rows of cells with
narrow, rounded lumina, detaching in small fragments. Calyptra (Fig. 22.18) conicomitrate, lobed at base. Operculum (Fig. 22.19) conical, blunt, base smooth (Fig. 22.20),
formed by 2 rows of small, rounded cells, in conical part cells rounded, larger, walls thickened. Peristome (Fig. 22.21) teeth spreading when dry, broad-lanceolate, in upper third split
into 2 divisions, separated down to the lowest plates, trabeculae small in lower half, thin in
upper half, dorsal lower plates smooth, upper dorsal side and ventral side densely covered with
fine papillae, apical part very densely so, seen in longitudinal section (Fig. 22.22), teeth
deeply inserted below orifice, between exothecium and teeth 2 layers of cells present, outer
plates of teeth thicker than inner plates, trabeculae close together throughout, protruding.
Spores 9-12 μm, finely granulose.
Diagnostic characters.– Gametophyte. Leaves caducous ; the exterior walls of cells
markedly thicker than the interior walls, best seen in upper part of lamina ; apical part constricted to a subula constituted of homogeneous cells (Figs. 22.12-13). Costa in the middle
part of the lamina with costal cells markedly longer than the proximate lamina cells, seen on
dorsal side (DEGUCHI, 1979 : 191). Sporophyte. Peristome inserted below orifice ; annulus
cells rounded with small lumina.
Comparison of the specimens examined with the type specimen of G. incurva shows correspondence in leaf shape (Fig. 22.23), cells in leaf base (Fig. 22.24), and costal architecture
(Fig. 22.25).
Argumentation for synonymy.– The type specimen of G. afro-incurva shows correspondence in leaf shape (Fig. 22.26), cells in leaf base (Fig. 22.27), and costal architecture
(Fig. 22.28) with the type specimen of G. incurva. The type specimen of G. torngakiana
shows correspondence in leaf shape (Fig. 22.29), and costal architecture (Fig. 22.30) with
the type specimen of G. incurva.
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Figure 22.– Grimmia incurva Schwägr.: 1, perichaetial leaf; 2-3, plants; 4, transverse section of stem; 5-8, leaves; 9, outlines of transverse leaf sections; 10, cells in leaf base and transitional part; 11, cells in transitional part; 12-14, transverse sections
of leaf; 15, epidermal cells of seta ; 16, exothecial cells; 17, stoma; 18, calyptra; 19, operculum ; 20, cells of operculum at base;
21, peristome tooth, outer side; 22, peristome tooth, longitudinal section.
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Comments.– Plants with very short, muticous leaves are sterile. Only capsule bearing
plants have longer leaves with hair-points. Central strands are not present in all plants
observed. Lamina cell walls in short leaves are less sinuose than those in long leaves. On upper
dorsal side of the leaf costal cells are markedly longer than the proximate lamina cells. Transverse section shows a character specific of G. incurva: the exterior cell walls are thicker than
the inner ones, best seen in the transverse sections of the subula and in mid-leaf.
Distribution.– Africa : Congo, Ethiopia, Ruwanda, Zaïre. Europe : Austria, Poland,
Slovakia, Switzerland, U.K. (Scotland). North America: Canada (Labrador), U.S.A. (California).
South America: Chile (Patagonia).
Habitat and substrate.– On boulders in alpine meadows, moist soil, in snowbeds; gneiss,
granite, from 950 to 4750 m.
Specimens examined (45), selected for description : CANADA. Labrador : Salermiut
Mountain Range, Torngrats. Extensive plateau with felsenmeer mantling. Snowbeds
restricted to N facing gullies. Occasional seepage areas with Racomitrium lanuginosum
mats. Minuret Plateau. On moist mineral soil, 1700 m, 58.55’N 64.00’W, 22.-24.VII.
1983, Hedderson 1924 (BOL, G). [CONGO]. Ruwenzori : col de la Margherite, 4750 m
VIII.1932, Hauman 888 (G). SLOVAKIA : Hohe Tatra, Velicka dolina, Kvetnicka, oberhalb
des Kvetnickoie pleso an Urgesteinsblöcken, ~2500 m, 12.IX.1987, Siegel s.n. (G, Siegel).
SWITZERLAND. Grisons : Klosters, Jöri, Felsgrat, 2800 m, s.d., Bertram 2908c (Bertram,
G), Pontresina, Morteratsch, 1940 m, 12.VIII.1988, Maier 2160 (G); Tessin : Quinto, Piora,
Fels, kalkarm, 2100 m, VIII.1993, Maier 8503 (G); Valais : Grächen, Breithorn, 3000 m, auf
Gneis, s.d., Küchler s.n. (G, Küchler). U.K. [Scotland]: Boulderscree N side of Caenlochan
Glen, Angus, VI.1965, Duncan s.n. (E).

Figure 22. cont.– Grimmia incurva Schwägr.: 23, leaf ; 24, cells in leaf base ; 25, transverse section of leaf ; 26, leaf ;
27, cells in leaf base; 28, transverse section of leaf; 29, leaf; 30, transverse section of leaf.
[1, 16-17, 22, Küchler s.n. (G); 2, Maier 2160 (G); 3, Maier 8503 (G); 4, 8, 14, Hauman 888 (G); 5, 10, 12, Siegel s.n.
(G) ; 6, 9, 11, Hedderson 1924 (BOL, G) ; 7, 13, Duncan s.n. (E) ; 15, 18-21, Bertram 2908c (G). Analysis of the type
specimens : Grimmia incurva Schwägr.: 23-25, s.coll. s.n. (G) ; Grimmia afro-incurva Broth.: 26-28, Mildbraed 2085 (H-BR) ;
Grimmia torngakiana Brassard & Hedd.: 29-30, Hedderson 1892 (BOL, G)]
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23. Grimmia khasiana Mitt. in J. Proc. Linn. Soc., Bot., Suppl. 1: 45. 1859 (Figs. 23.1-18).
Type : [INDIA]: Kollong, Regio temp. Khasia mont. alt. 5000 ped., s.d., Hooker &
Thompson 279 (Holo-: NY; iso-: BM) (Figs. 23.19-21, from Hooker & Thompson
279, BM).
 Grimmia dimorphula Müll. Hal. in Nuovo Giorn. Bot. Ital. ser. 2, 3: 108. 1896.
Type : CHINA. Schen-si : in monte prope Iu-Kia-po, 27.VI.1894, Giraldi under 877
(Lecto-: H, not seen ; isolecto-: G) (lectotypified by CAO & VITT, 1986 : 170) (synonymized by DEGUCHI, 1980: 259) (Fig. 23.22, from Giraldi under 877, G).
 Grimmia breviexserta Müll. Hal. in Bull. Herb. Boissier 5: 200. 1897.
Type: GUATEMALA: Quezaltenango, s.d., Bernoulli & Cario s.n. (Lecto-: PC) (lectotypified and synonymized with G. longirostris Hook. by MUÑOZ, 1998a: 353) syn. nov.
(Figs. 23.23-24, from Bernoulli & Cario s.n., PC).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 23.1) to 4 mm
long, narrowed at insertion, slightly sheathing, lower third and some rows hyaline to upper
part of leaf, costa excurrent, indistinct in upper part, hair-point elongate, bluntly denticulate;
male : perigonia as multifoliose buds terminal on short branches, innermost perigonial leaf
(Fig. 23.2) to 1.2 mm long, sheathing to broadest part, broad-ovate, concave, acuminate,
muticous or with a hyaline terminal cell, hyaline except in apical part, costa vanishing below
apex, antheridia numerous with rare paraphyses. Growth form : cushions lax, stems to 30 mm
long, plants originating from older stem parts, erect, branched, weakly radiculose at base
(Fig. 23.3), central strand (Fig. 23.4) more or less well-developed or lacking. Leaves
(Figs. 23.5-6) to 3 mm long, becoming longer in apical part of stem, imbricate, lower part of
leaf appressed to stem, upper part erectopatent when dry, when moistened bending backwards, spreading when wet, from ovate leaf base narrowed to lingulate or broad-lanceolate
laminal part, thus forming smoothly rounded shoulders, tapering to acute or rounded apex,
hair-point of variable length, bluntly denticulate; leaf form in situ (Fig. 23.7) at insertion and
in leaf base slightly concave or concave, in lower laminal part widely keeled or keeled, in
upper laminal part concave, margin on one side from insertion to broadest part of leaf revolute or recurved, on opposite side occasionally faintly recurved, in upper laminal part margins
plane ; basal paracostal cells (Fig. 23.8) elongate-rectangular, walls more or less nodulose,
towards margin short-rectangular to quadrate, walls smooth, thickened, at margin some cell
rows elongate-rectangular, hyaline, vanishing below widest part of leaf, in transitional and
lower laminal part (Fig. 23.9) cells rectangular, walls sinuose, from mid-leaf to apex gradually
modified to markedly small, rounded cells ; seen in transverse sections (Figs. 23.10-11),
lamina in leaf base unistratose, above leaf base unistratose or bistratose in places, bistratose
in upper laminal part, occasionally with tristratose patches, margin in lower leaf unistratose, in

Figure 23.– Grimmia khasiana Mitt.: 1, perichaetial leaf ; 2, perigonial leaf ; 4, transverse section of stem ; 5-6, leaves ;
7, outlines of transverse leaf sections ; 9, cells in transitional part ; 10-11, transverse sections of leaf ; 12, epidermal cells of seta ;
15, operculum; 16, cells of operculum at base; 17, peristome tooth, outer side; 18, peristome tooth, longitudinal section.
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upper part bistratose. Costa, seen on dorsal side (Figs. 23.5-6), broad in leaf base, from above
broadest part of leaf to apex indistinct, due to scarcely rounded costa and similarity of costal
cells to the lamina cells, costa percurrent, best seen on ventral side of leaf, seen in transverse
sections (Figs. 23.10-11), on dorsal side at insertion, in leaf base and in lower laminal part
flat, scarcely rounded, in mid-leaf slightly rounded or rounded, in upper part indistinct, on
ventral side from leaf base to mid-leaf widely channelled, in upper part channelled, at insertion and in leaf base 8, rarely only 7, ventral cells, most of them guide cells, in some cases
there appear to be supplementary basal subcostal cells (Fig. 23.21), in lower laminal part
guide cells reduced to 5-6, in upper laminal part to 4 guide cells, in apical part to 2, a median
band of substereids, in lower half of leaf a central group of hydroids, or occasionally 3 small
groups of hydroids present.
Sporophyte. Seta (Fig. 23.3) 5-8 mm long, straight, epidermal cells (Fig. 23.12)
in lower half turning to the left, in upper half turning to the right, vaginula 1.7 mm long,
cylindrical. Capsule erect, obloid or cylindrical, with short neck, smooth, exothecial cells
(Fig. 23.13) elongate, of various shape, walls curvilinear, thickened, seen in transverse section
of capsule, exterior walls smooth, stomata numerous at capsule base and short neck, annulus
of 3 rows of cells, detaching spirally in groups. Calyptra (Fig. 23.14) cucullate-lobed. Operculum (Fig. 23.15) conical, beak oblique, half as long as capsule, base uneven (Fig. 23.16),
basal cells small, in conical part cells angulate, of variable shape, walls thickened. Peristome
(Fig. 23.17) teeth lanceolate, entire or perforate or in upper part split into 2 or 3 divisions,
separated down to the lowest plate, trabeculae thin, lower dorsal side smooth, upper dorsal
side and ventral side densely covered with coarse, rounded papillae, seen in longitudinal
section (Fig. 23.18), teeth inserted below orifice, 2 layers of cells between exothecium
and teeth present, their outer plates thicker than inner ones, trabeculae close together, sharply
protruding in lower half. Spores 11-15(-17) μm papillose.
Diagnostic characters.– Gametophyte. Leaves with margin in leaf base on one side
recurved, leaf in upper part concave. Costa in laminal part dorsally indistinct. Sporophyte.
Seta to 8 mm long. Operculum with beak oblique, half as long as capsule. Peristome teeth
on inner and outer sides with coarse, rounded papillae. Spores to 17 μm.
Comparison of the specimens examined with the type specimen of G. khasiana shows
correspondence in leaf shape (Fig. 23.19), cells in leaf base (Fig. 23.20), and costal architecture (Fig. 23.21).
Argumentation for synonymy.– The type specimen of G. dimorphula shows correspondence in costal architecture (Fig. 23.22) with the type specimen of G. khasiana. The type
specimen of G. breviexerta shows correspondence in leaf shape (Fig. 23.23), and costal architecture (Fig. 23.24) with the type specimen of G. khasiana.
Note.– Another specimen Giraldi 877, housed at NY, turned out to be G. pilifera.

Figure 23. cont.– Grimmia khasiana Mitt.: 3, plant with sporophyte; 13, exothecial cells; 14, calyptra; 19, leaf; 20, cells
in leaf base; 21, transverse section of leaf; 23, leaf; 24, transverse section of leaf.
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Comments.– Grimmia khasiana shares the character of dorsally indistinct costa with
G. laevigata, G. ovalis, and G. unicolor. Therefore, G. khasiana may be placed in the group
Litoneurum I. Hagen. Following LOESKE (1930: 79, 89), the character of dorsally indistinct
costa is correlated with a tendency of the leaf to form a smoothly rounded shoulder in the
transitional part which is the case of the species cited above.
GANGULEE (1972 : 810) published a description of G. khasiana, based on a Hooker &
Thompson specimen housed in Mitten’s herbarium at NY, but the specimen is incorrectly
cited as No. 297 instead of No. 279. Unfortunately the drawing of the leaf of G. khasiana
shows recurved margins on both sides of the leaf base, however, the margins of G. khasiana
are recurved only on one side, a strong character that distinguishes this species from G. ovalis
which has plane margins on both sides.
MITTEN (1859 : 45) described G. khasiana, based on a sterile specimen collected by
Hooker & Thompson under No. 279, housed at BM and NY. Later on, plants collected
by Handel-Mazzetti in 1916 were named by Brotherus under the No. 12982 ( Krypt. Exs.
Vind. 1905) as G. longipes sp. nova (nomen nudum). Afterwards he changed this name to
G. commutata (CAO & VITT, 1986: 172) ( G. ovalis). MAIER (2002b: 188) shows conspecificity of G. longipes with G. khasiana, based on the similarity of costal architecture (Fig. 11.9),
and more particularly on the concave apical part of leaf and the recurved margin on one side of
the leaf base.
MÜLLER (1896: 108) described G. dimorphula based on a specimen collected by Giraldi
under No. 877, housed at G, and, following CAO & VITT (1986 : 170), at H, and following
DEGUCHI (1980: 260) also in FI, PC, and H. The taxon has been recognized by DEGUCHI
(1980: 260), based on the lectotype housed in FI, as conspecific with G. khasiana. This statement is confirmed in MAIER (2002b : 189) by the similarity of the transverse section of
G. dimorphula (Figs. 11.10-11) to that of the type specimen of G. khasiana.
CAO & VITT (1986 : 168), seemingly not aware of Deguchi’s earlier paper, based the
description of G. ovalis partly on an isotype of G. dimorphula and partly on a specimen collected by Handel-Mazzetti 6634, housed in H (not seen). This specimen had been labelled as
G. longipes, the drawings Fig. 23,I,P,Q, (CAO & VITT, 1986: 169) show correspondence with
characters of this taxon. Following CAO & VITT (1986: 172) “Later Brotherus corrected them
(i.e. the names G. longipes and G. setschwanica) to G. commutata Hueb. ( G. ovalis (Hedw.)
Lindb.)”. The synonymy of G. dimorphula with G. ovalis can not be maintained considering
the statement of DEGUCHI (1980: 260) and the results of MAIER (2002b).

Figure 23. cont.– Grimmia khasiana Mitt.: 8, cells in leaf base; 22, transverse section of leaf.
[1, 3, 12-17, Long 18927 (E); 2, s.coll. 1029 (ALTA); 4, 7, Lübenau 5 (G); 5, 8-10, Churchill 8438 (G); 6, 11, Pedano 806
(MO); 18, Handel-Mazzetti [12982] 1905 (G, E, S). Analysis of the type specimens: Grimmia khasiana Mitt.: 19-21, Hooker &
Thomson 279 (BM); Grimmia dimorphula Müll. Hal.; 22, Giraldi under 877 (G); Grimmia breviexserta Müll. Hal.: 23-24, Bernoulli
& Cario s.n. (PC)]
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Recently, G. khasiana and G. dimorphula were synonymized with G. longirostris by
MUÑOZ & PANDO (2000: 45, 47).
Distribution.– Asia : Bhutan, China, India, Nepal. North America : U.S.A. (Arizona,
Oklahoma, Texas). South America: Guatemala.
Habitat and substrate.– On boulders on open hill sides, near the borders of streams, steep
valleys; sandstone, siliceous rock, from 1900 to 3200 m.
Specimens examined (30), selected for description : CHINA. Yunnan : Grimmia longipes
Broth. In regionis temperate prope vicum Ngu-lukö ad urbem Lidjiang (“Likiang”), saxis.
Substr. diabasico ; c. 3000 m, 5.X.1916, Handel-Mazzetti [12982] 1905 (G, E, S) ; Yulong
Shan : below Ma Huang Ba, above Shu Song village. Open grazed hillside ; on large siliceous
boulder 2790 m, 8.X.1990, Long 18927 (E, G) ; [Data in Chinese] 1700 m, 17.IX.1982,
s.coll., 1029 (ALTA). U.S.A. Arizona : Huachua-Gebirge, Sierra Vista, Sacheelite Canyon,
1950 m, Strömungsbereich, 28.IV.1999, Lübenau 5 (Lübenau) ; Oklahoma : Greer County,
N of Altus Mountains, State Park, 24.III.1977, Churchill 8438 (G); Texas : Brewster County,
Big Bend National Park, in the Chisos Mtns., ca. 80 ml S of Marathon, TX. On rock, 6.XII.
1993, Pedano 806 (MO).

24. Grimmia kidderi James in Bull. Torrey Bot. Club 6: 54. 1875 (Figs. 24.1-18).
Type : [FRANCE. French Southern and Antarctic Territories]: Kerguelen Island,
1874, Kidder s.n. (Lecto-: FH; isolecto-: FH) (lectotypified by MUÑOZ, 1999a : 143)
(Figs. 24.19-21, from Kidder s.n., FH).
 Grimmia frondosa James in Bull. Torrey Bot. Club 6: 54. 1875.
Type : [FRANCE. French Southern and Antarctic Territories]: Kerguelen Island,
Kidder s.n. (Lecto-: FH ; isolecto-: FH) (lectotypified and synonymized by MUÑOZ,
1999a: 143) (Figs. 24.22-24, from Kidder s.n., FH).

0.1 mm

0.4 mm

5, 9-15, 17-18, 21, 27

8

1 mm
1, 4, 6-7, 16, 19

Figure 24.– Grimmia kidderi James: 1, perichaetial leaf; 2, young shoot; 3, plant; 4, leaflet of young shoot; 5, transverse
section of stem; 6-7, leaves; 8, outlines of transverse leaf sections; 9, cells in leaf base and transitional part; 10, cells in transitional part; 11-12, transverse sections of leaf; 13, stoma; 14-15, exothecial cells from the same place, different focussing; 16, operculum ; 17, cells of operculum at base ; 18, peristome teeth, outer side ; 19, leaf ; 21, transverse section of leaf ; 27, transverse
section of leaf.
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 Grimmia minutifolia Müll. Hal. in Bot. Jahrb. Syst. 5: 81. 1884.
Type : [FRANCE. French Southern and Antarctic Territories]: Kerguelen,
Naumann s.n. (Lecto-: PC ; isolecto-: H-BR) (lectotypified and synonymized by
OCHYRA & HERTEL, 1990: 25) (Figs. 24.25-27, from Naumann s.n., PC).
 Grimmia nordenskjoeldii Cardot in Bull. Herb. Boissier ser. 2, 6: 7. 1906.
Type : [U.K. Falkland Islands Dependencies]: Géorgie du Sud : Baie Cumberland,
vallée de Bore, 4.V.1902, Skottsberg 306 (Lecto-: PC; isolecto-: S; syn-: H-BR, PC, S)
(lectotypified and synonymized by OCHYRA & HERTEL, 1990: 25) (Figs. 24.28-30,
from Skottsberg 306, PC).
 Grimmia austrofunalis Broth. in Drygalski, Deutsche Südpolar-Exped. 1901-1903 8 :
87. 1906 [non Müll. Hal. in Hedwigia 37 : 165. 1898].  Grimmia kerguelensis
Cardot in Bull. Mus. Natl. Hist. Nat. 22: 338. 1916.
Type : [FRANCE. French Southern and Antarctic Territories]: Kerguelen, 18.II.
1903, Werth s.n. (Holo-: H-BR; iso-: M) (lectotypified and synonymized by OCHYRA
& HERTEL, 1990: 25) (Figs. 24.31-33, from Werth s.n., M).
 Grimmia bossierei Cardot & Thér. in Bull. Mus. Natl. Hist. Nat. 22: 338. 1916.
Type : [FRANCE. French Southern and Antarctic Territories]: Kerguelen, 1913,
Bossière 2 (Lecto-: PC ; isolecto-: PC) (lectotypified and synonymized by OCHYRA &
HERTEL, 1990: 26) (Figs. 24.34-35, from Bossière 2, PC).
 Grimmia stenobasis Dixon in Christoph., Results Norweg. Sci. Exped. Tristan da
Cunha 1937-1938 48: 23. 1960.
Type : [U.K. Tristan da Cunha Islands]: Tristan da Cunha. Above settlement ;
slopes of peak, loose cinders, 1600 m, 15.III.1938, Christophersen 1751a (Lecto-:
FH) (lectotypified and synonymised by MUÑOZ & PANDO, 2000: 38) (Figs. 24.3638, from Christophersen 1751a, FH).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 24.1) to 4 mm
long, slightly sheathing to shoulder at mid-leaf, costa stout, excurrent into scarcely denticulate
hair-point ; male : perigonia not seen. Growth form : cushions dense, adherent to substrate
with greyish rhizoids, in wet state hyaline, interwoven with young shoots (Fig. 24.2), originating from older stem parts, leaflets (Fig. 24.4) concave, muticous or with a hyaline end
cell, in dry state firmly appressed to stem, apices spreading, producing bristly aspect, stems
to 10 mm long, plants erect (Fig. 24.3), sparsely branched, central strand (Fig. 24.5) lacking
or small. Leaves (Figs. 24.6-7) at lower part of stem 0.3-0.5 mm long, concave, muticous,
becoming progressively longer, to 1.7 mm long, loosely arranged on stem, erect when dry,

Figure 24. cont.– Grimmia kidderi James: 20, cells in leaf base; 23, cells in leaf base; 24, transverse section of leaf; 29, cells in
leaf base; 32, cells in leaf base; 33, transverse section of leaf; 35, transverse section of leaf; 38, transverse section of leaf.
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moving weakly when moistened, erect or erectopatent when wet, narrowly lanceolate from
ovate leaf base, tapering to obtuse apex, muticous or with hair-point, hair-points of different
lengths, bluntly denticulate; leaf form in situ (Fig. 24.8) from insertion to apical part concave
or above broadest part of leaf widely keeled, in apical part keeled, margins plane throughout;
basal paracostal cells (Fig. 24.9) elongate-rectangular, thick-walled, more or less nodulose,
towards margin 2-3 rows of hyaline cells, vanishing in transitional part, cells rectangular,
becoming short-rectangular to quadrate in transitional part (Fig. 24.9), walls smooth or sinuose (Fig. 24.10), thickened, especially the transverse walls, cells in laminal part isodiametric,
lumina rounded ; seen in transverse sections (Figs. 24.11-12), leaf base unistratose, in lower
laminal part uni- to bistratose, apical part bistratose, occasionally with tristratose marginal cell
rows. Costa, seen on dorsal side (Figs. 24.6-7), narrow in basal part, becoming stout in laminal part, excurrent into denticulate hair-point, seen in transverse sections (Figs. 24.11-12),
rounded, on ventral side widely channelled, in upper part of leaf channelled or narrowly
channelled, at insertion and in leaf base 4 guide cells, in laminal part 2 guide cells, hydroids or
substereids present, vanishing in apical part.
Sporophyte. Seta straight, 1.2 mm long, vaginula 0.6 mm long, with ochrea. Capsule
hidden in the leaves, ovoid, smooth, after spore release enlarged at orifice, exothecial
cells elongate, walls thick (Fig. 24.14) or strongly thickened (Fig. 24.15), depending on
the focussing, (the figures are drawn from the same place), stomata (Fig. 24.13) few at
capsule base, annulus disintegrating in pieces. Calyptra not seen. Operculum (Fig. 24.16)
conical, beak long, oblique, base smooth (Fig. 24.17), all cells rounded, thick-walled. Peristome (Fig. 24.18) deeply inserted, teeth reflexed in dry state, entire, trabeculae thin or small,
close together, scarcely protruding, lowest dorsal plates finely and sparingly papillose, upper
dorsal and ventral sides densely covered with sharp papillae. Spores 10-13 μm, finely granulose.
Diagnostic characters.– Gametophyte. Perichaetial leaves markedly longer than vegetative
leaves. Leaves narrowly lanceolate, concave nearly throughout, margins plane. Sporophyte.
Capsule hidden in the leaves.
Comparison of the specimens examined with the type specimen of G. kidderi shows correspondence in leaf shape (Fig. 24.19), cells in leaf base (Fig. 24.20), and costal architecture
(Fig. 24.21).

Figure 24. cont.– Grimmia kidderi James: 22, leaf; 25, leaf; 26, cells in leaf base; 28, leaf; 30, transverse section of leaf;
31, leaf; 34, leaf; 36, leaf; 37, cells in leaf base.
[1, 13-18, Skottsberg 371 (H-BR) ; 2-4, Hedderson 13724 (BOL) ; 5-6, 9, 12, Lübenau s.n. (G) ; 7-8, 11, Hertel 24331
(G) ; 10, Werth s.n. (M - isotype). Analysis of the type specimens : Grimmia kidderi James : 19-21, Kidder s.n. (FH) ; Grimmia
frondosa James : 22-24, Kidder s.n. (FH) ; Grimmia minutifolia Müll. Hal.: 25-27, Naumann s.n. (PC) ; Grimmia nordenskjoeldii
Cardot : 28-30, Skottsberg 306 (PC) ; Grimmia kerguelensis Cardot : 31-33, Werth s.n. (M) ; Grimmia bossierei Cardot & Thér.:
34-35, Bossière 2 (PC); Grimmia stenobasis Dixon: 36-38, Christophersen 1751a (FH)]

Grimmia kidderi

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

30

34

31
36
26

28

22
25

0.1 mm
26, 30, 37

Grimmia kidderi

1 mm
22, 25, 28, 31, 34,
36

37

179

180

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

Argumentation for synonymy.– The type specimens of G. frondosa, G. minutifolia,
G. nordenskjoeldii, G. kerguelensis and G. stenobasis show correspondence in leaf shape
(Figs. 24.22, 24.25, 24.28, 24.31, 24.36), cells in leaf base (Figs. 24.23, 24.26, 24.29,
24.32, 24.37), and costal architecture (Figs. 24.24, 24.27, 24.30, 24.33, 24.38) with
the type specimen of G. kidderi. The type specimen of G. bossierei shows correspondence
in leaf shape (Fig. 24.34) and costal architecture (Fig. 24.35) with the type specimen
of G. kidderi.
Comments.– In some collections of G. kidderi bulging cells with hyaline outer walls are
found on the dorsal surface of the lamina. This expression is not restricted to this species,
and it seems to be linked with harsh growing conditions. The transverse sections of the
leaves from the different type specimens give an insight into the variability of the lamina
stratosity. The description of the sporophyte is based on a unique sporophyte which is in an
imperfect state. The longitudinal section of a peristome tooth failed.
Distribution.– Africa : South Africa (Western Province, Prince Edward Islands). South
America: Argentina, Chile (Patagonia); French Southern and Antarctic Territories (Kerguelen);
U.K. (Falkland Islands, Tristan da Cunha).
Habitat and substrate.– On lava scree near craters, on wet rock slabs ; cinter, sandstone,
volcanic rock, from 160 to 1870 m.
Specimens examined (10), selected for description : ARGENTINA. Patagonia : à l’ouest
du lac Azara, 1908, Skottsberg 371 (H-BR). CHILE : Villarica Vulkan, Umgebung der Ski
Station, 1150 m, 27.II.2003, Lübenau s.n. (G, Lübenau). SOUTH AFRICA. Western
Province : Citrusdal Region. Cederberg. Cederberg State Forest. East side of Langberg, and
slopes of Shadow Peak. High altitude sandstone cliffs and seasonally wet rock slabs, 15501870 m, 32°23’20’’S 19°10’25’’E MAP SHEET 3219AC, 17.II.2001, Hedderson 13724
(BOL) ; Prince Edward Islands : Umgebung von Kent Crater, 46°37’-38’S 37°53’-55’E, auf
kleinem Lava-Geröll in der Nähe des nördlichen Kraterrandes, 160-170 m, 28.IV-2.V.1982,
Hertel 24331 (G).
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25. Grimmia laevigata (Brid.) Brid., Bryol. Univ. 1: 183. 1826 (Figs. 25.1-19).
 Campylopus laevigatus Brid., Muscol. Recent. Suppl. 4: 76. 1818.
Type : ITALY: “Rome. Napoli. Ischia”, 1806, s.coll. s.n. (Lecto-: B) (lectotypified
by CAO & VITT, 1986 : 181) (Figs. 25.20-22, from s.coll. s.n., B, reproduced from
GEISSLER & MAIER, 1995: 508).
 Grimmia subleucophaea Müll. Hal. in Bot. Zeitung (Berlin) 16: 164. 1858.
Type: [ETHIOPIA]: Auf Felsblöcken von 9000 bis 14.000’, 2.XI.50, s.coll. 41 (Lecto-:
BM) (lectotypified by MUÑOZ & PANDO, 2000: 39) (synonymized by MUÑOZ &
PANDO, 2000: 39) (Fig. 25.23, from s.coll. 41, BM).
 Grimmia senilis J. Shaw in Cape Monthly Mag. 17: 380. 1878.
Type : SOUTH AFRICA. Cape Province : Dry karroo dyke on bare rock. Longhope
Cookhouse 3000’, IV.1921, Sim 9956 (Holo-: PRE) (synonymized by MAGILL,
1981: 277) (Figs. 25.24-26, from Sim 9956, PRE).
 Grimmia calotricha Müll. Hal. in Linnaea 43: 454. 1882.
Type : [ARGENTINA]: Sierra de Cordoba, Las Peñas, 1871, s.coll. s.n. (Lecto-: BM)
(lectotypified and synonymized by MUÑOZ, 1999a: 144) (Figs. 25.27-28, from s.coll.
s.n., BM).
 Grimmia bernoullii Müll. Hal. in Bull. Herb. Boissier 5: 200. 1897.
Type : GUATEMALA : Quezaltenango, s.d., Bernoulli & Cario s.n. (Lecto-: PC)
(lectotypified and synonymized with G. ovalis (Hedw.) Lindb. by MUÑOZ, 1999a :
159) syn. nov. (Figs. 25.29-31, from Bernoulli & Cario s.n., PC).
 Grimmia murina Müll. Hal. in Hedwigia 36: 105. 1897.
Type : ARGENTINA. Patagonia : Sierra Ventana, 1881, Lorentz s.n. (Lecto-: JE ;
isolecto-: JE) (lectotypified by MUÑOZ, 1999a : 145) (synonymized by DEGUCHI,
1984: 21) (Fig. 25.32, from Lorentz s.n., lectotype, JE).
 Grimmia glauca Cardot in Rev. Bryol. 32: 17. 1905.
Type : FRANCE. Ardennes : Charleville, rochers schisteux sec à Belair, 1903, Cardot
s.n. (Lecto-: S) (lectotypified and synonymized by MUÑOZ & PANDO, 2000: 40)
(Fig. 25.33, from Cardot s.n., S).
 Grimmia involucrata Cardot in Rev. Bryol. 36: 105. 1909.
Type : [MEXICO. State of Hidalgo]: On rocks, Cuyamoloya 8500 ft., 17.IX.1908,
Pringle 10598. (Lecto-: PC; isolecto-: MICH) (lectotypified by MUÑOZ, 1999a: 141)
syn. nov. (Figs. 25.34-36, from Pringle 10598, PC ; Fig. 25.37, from Pringle 10598,
MICH).
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 Grimmia americana E. B. Bartram in Bryologist 32: 8. 1929.
Type : [U.S.A.]. Texas : Fort Davis, Jeff Davis Co., alt. 5200 ft., 22-25.V.1926, Orcutt
7082 (Lecto-: FH ; isolecto-: NY) (lectotypified by MUÑOZ, 1999a : 123) syn. nov.
(Figs. 25.38-40, from Orcutt 7082, FH).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 25.1) to 2 mm
long, sheathing to broadest part of leaf, narrowed in leaf base, ovate to broad-ovate, lower
half hyaline or only some rows of hyaline cells at margin vanishing at mid-leaf, costa obscure
in apical part, excurrent into long, denticulate hair-point ; male : perigonia as multifoliose
buds at tips of branches, innermost perigonial leaf (Fig. 25.2) to 1 mm long, sheathing,
broad-ovate, suddenly narrowed to acute apex with a hyaline cell, hyaline in lower part, costa
vanishing below apex, antheridia with short, numerous paraphyses. Growth form : cushions
lax, young shoots mostly present, originating from older plant parts, leaflets spade-like, costa
vanishing below acute apex, with sharply pointed hyaline cell or short hair-point, appressed to
stem, apices spreading conferring to the shoot a bristly aspect, stems to 20 mm long, plants
erect (Fig. 25.3), scarcely branched, slightly radiculose at base, central strand well-developed
(Fig. 25.4). Leaves (Figs. 25.5-7) in lower part of stem scale-like, becoming gradually longer
to tip of stem, 1.2-1.8 mm long, rarely to 3 mm long, imbricate, appressed to stem when dry,
older leaves bending backwards when moistened, younger leaves moving slightly, erect
or spreading when wet, lingulate or broad-lanceolate, from short (about one-fifth of leaf
length), rounded, half-sheathing, slightly decurrent leaf base, tapering to obtuse or rounded,
even acute apex, hair-point roughly denticulate, occasionally nearly smooth ; leaf form in situ
(Fig. 25.8) widely concave or concave throughout, margins plane ; some rows of basal
paracostal cells (Figs. 25.9-10) rectangular, walls smooth or faintly nodulose, towards margin
in sheathing part cells isodiametric or transversely rectangular or oval, transverse walls thicker
than longitudinal walls, in laminal part cells homogeneous, rounded, walls thick ; seen in
transverse section (Fig. 25.11), leaf base unistratose, in transitional part bistratose in places,
in laminal part bi- to tristratose, on both margins from insertion to apical part 1 or several
unistratose cell rows, in apical part at least one side unistratose, at apex bistratose. Costa, seen
on dorsal side (Figs. 25.5-7), in leaf base broad, from above widest part of leaf to apex indistinct, excurrent, in laminal part dorsal cells not different from lamina cells, seen in transverse
section (Fig. 25.11), flat on dorsal side at insertion and in lower part of leaf, weakly convex,
in upper part slightly rounded, on ventral side in leaf base widely channelled, in upper part
narrowly so, at insertion and in leaf base 7-11 ventral cells, most of them guide cells, in transitional part the number of guide cells are reduced to 4, in laminal part 2 guide cells, sunken
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Figure 25.– Grimmia laevigata (Brid.) Brid.: 1, perichaetial leaf ; 2, perigonial leaf ; 3, plant with sporophyte ; 4, transverse section of stem ; 5-7, leaves ; 8, outlines of transverse leaf sections ; 9-10, cells in leaf base ; 11, transverse section of leaf ;
12, epidermal cells of seta ; 13, exothecial cells ; 14, stoma ; 15, calyptra ; 16, operculum ; 17, cells of operculum at base ;
18, peristome teeth, outer side; 19, peristome tooth, longitudinal section.
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into narrow channel (Fig. 25.11), their adaxial cell walls strongly thickened, at insertion a
small median band of substereids, interrupted by 3 groups or 1 large central group of
hydroids, substereids and hydroids vanishing in apical part.
Sporophyte. Seta (Fig. 25.3) to 3 mm long, straight, epidermal cells (Fig. 25.12) in
lower half arranged parallel to axis, in upper half turning to the right, vaginula 1 mm long,
cylindrical. Capsule emergent, obloid, smooth, exothecial cells (Fig. 25.13) elongate, of variable shape, slightly curvilinear, seen in transverse section of capsule, exterior walls smooth,
stomata (Fig. 25.14) at capsule base, annulus of 3 rows of cells, detaching spirally in groups.
Calyptra (Fig. 25.15) mitrate, in upper part brownish, lobed, covering upper part of capsule.
Operculum (Fig. 25.16) conical, beak straight, blunt, base uneven or serrulate (Fig. 25.17),
1 or 2 rows of basal cells rounded, cells in conical part irregular, walls thickened, curvilinear,
faintly nodulose. Peristome (Fig. 25.18) teeth erect when dry, broad at base, in upper half
perforate or split into 2 or 3 divisions, separated down to insertion, trabeculae broad, in upper
third thin, lower dorsal side smooth, upper dorsal side and ventral side sparingly to densely
covered with rounded papillae, seen in longitudinal section (Fig. 25.19), teeth inserted below
orifice, 2 layers of cells between exothecium and teeth present, outer plates thicker than inner
ones, trabeculae distant, protruding, occasionally a short prostome present. Spores 12-16 μm,
smooth.
Diagnostic characters.– Gametophyte. On young shoots spade-like leaflets present, in
lower part of stem leaves with short hair-points or at least a sharp hyaline end cell present.
Leaves, base of stem leaf short, rounded, half-sheathing, margin unistratose from leaf base to
below apex. Costa with hydroids, in upper leaf part 2 guide cells sunken into narrow channel,
their adaxial cell walls strongly thickened (Fig. 25.11), a specific character of G. laevigata.
Sporophyte. Peristome teeth perforate or split.
Comparison of the specimens examined with the type specimen of G. laevigata
shows correspondence in leaf shape (Fig. 25.20), cells in leaf base (Fig. 25.21), and costal
architecture (Fig. 25.22).
Argumentation for synonymy.– The type specimens of G. senilis, G. bernoullii, G. involucrata (PC) and G. americana show correspondence in leaf shape (Figs. 25.24, 25.29, 25.34,
25.38), cells in leaf base (Figs. 25.25, 25.30, 25.35, 25.39), and costal architecture
(Figs. 25.26, 25.31, 25.36, 25.40) with the type specimen of G. laevigata. The type
specimens of G. subleucophaea, G. murina, G. glauca, and G. involucrata (MICH) show correspondence in costal architecture (Figs. 25.23, 25.32, 25.33, 25.37) with the type specimen
of G. laevigata. The type specimen of G. calotricha shows correspondence in leaf shape
(Fig. 25.27) and costal architecture (Fig. 25.28) with the type specimen of G. laevigata.

Figure 25. cont.– Grimmia laevigata (Brid.) Brid.: 20, leaf ; 21, cells in leaf base ; 22, transverse section of leaf ;
26, transverse section of leaf; 27, leaf; 30, cells in leaf base; 32-33, transverse sections of leaf; 34, leaf; 36, transverse section of
leaf; 40, transverse section of leaf.
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Note.– On some labels the surname Bernoulli is given as Bernouilli. It appears in this
form, between brackets, in STAFLEU & COWAN (1976: 200).
Comments.– Shape and length of leaves are very variable, hair-points are short or elongate, sharply and densely denticulate or rarely nearly smooth. Muticous leaves have not been
seen in the material available for this study. In the bistratose lamina tri- to quadristratose
patches may be present. In rare cases the costa may be overlaid ventrally by supplementary
cells, on one or on both sides of the leaf axis, which cover the guide cells (Fig. 25.31). Immature setae may be curved.
SAYRE (1952 : 258) states the inclusion of G. americana in G. involucrata. The drawings
given in DELGADILLO (1999 : 154) under G. involucrata show characters typical of G. laevigata, especially the drawing of the peristome (Fig. 1.E).
Distribution.– Africa : Ethiopia, Kenya, Morocco, Réunion, South Africa, Tanzania,
Tunisia. Asia: India, Nepal, Turkey. Australia: Australia (Victoria). Europe: Austria, Bulgaria,
France, Hungary, Italy including Ischia and Lipari, Portugal including Cape verde Islands,
Spain including the Canary Islands (Gomera), Switzerland. North America : U.S.A. (Illinois,
Oregon, Texas). South America: Argentina, Chile, Guatemala.
Habitat and substrate.– On boulders in arid grasslands, on dry rocks in sunny places, on
scree, on the inner rim of craters; granite, lava rock, schist, sandstone, from 240 to 3400 m.
Specimens examined (80), selected for description: AUSTRALIA. Victoria : Mt. Cranya,
Tallangetta. On granit boulders on dry sclerophyll forest, 25.V.1975, Scott 331 (G).
ETHIOPIA. [Abyssinia]: Grimmia leucophaea Grev. Ad rupes prope Enschedcap, U.i.1842,
18.VIII.1838, Schimper 472 (G). GUATEMALA : 119. Grimmia bernoullii C.M. n. sp.,
1866-78, Bernoulli & Cario 119 (GOET). MEXICO. Hidalgo : 2 km NW de San Francisco
Sarabia, 17 km NE de Tepeapulco, 19°53’N 98°26’W, 2610 m. Bosque de Juniperus muy
abierto y perturbado y mojados. Sobre roca, lugares sombreados, 25.IX.1997, Cardenas s.n.
(Schäfer-Verwimp). MOROCCO. North Morocco : 46 km ENE of Larache near Souk
Khemis Beni Arouss, 180 m, exposed sandstone outcrop, 29.X.1994 Hedderson 10711A (G).
SWITZERLAND. Valais : Fully, 560 m, exposed siliceous bolder, 1.II.1993, Maier 7811
(G); Saxon, Adonis-Weg, 675 m, Silikatsteinblock, 9.V.2001, Maier s.n. (G).

Figure 25. cont.– Grimmia laevigata (Brid.) Brid.: 23, transverse section of leaf ; 24, leaf ; 25, cells in leaf base ;
28, transverse section of leaf ; 29, leaf ; 31, transverse section of leaf ; 35, cells in leaf base ; 37, transverse section of leaf ;
38, leaf; 39, cells in leaf base.
[1, 4, 11, 13-14, Schimper 472 (G) ; 2, Hedderson 10711A (G) ; 3, 12, Maier 7811 (G) ; 5, 15-17, Maier s.n. (G) ;
6, 8, 10, Scott 331 (G) ; 7, 9, Bernoulli & Cario 119 (GOET) ; 18-19, Cardenas s.n. (Schäfer-Verwimp). Analysis of the type
specimens : Grimmia laevigata (Brid.) Brid.: 20-22, s.coll. s.n. (B) ; Grimmia subleucophaea Müll. Hal.: 23, s.coll. 41 (BM) ;
Grimmia senilis J. Shaw : 24-26, Sim 9956 (PRE) ; Grimmia calotricha Müll. Hal.: 27-28, s.coll. s.n. (BM) ; Grimmia bernoulli
Müll. Hal.: 29-31, Bernoulli & Cario s.n. (PC) ; Grimmia murina Müll. Hal.: 32, Lorentz s.n. (JE) ; Grimmia glauca Cardot :
33, Cardot s.n. (S) ; Grimmia involucrata Cardot : 34-36, Pringle 10598 (PC), 37, Pringle 10598 (MICH) ; Grimmia americana
E. B. Bartram: 38-40, Orcutt 7082 (FH)]
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26. Grimmia lisae De Not., Muscol. Ital. Spic.: 15. 1837 (Figs. 26.1-19, 46-47).
Type : [ITALY]: In collibus taurinensibus, 1836, Lisa s.n. (Lecto-: RO) (lectotypified
by MUÑOZ, 1999a: 145) (Figs. 26.20-22, reproduced from MAIER, 2002a: 295).
 Grimmia trichophylla var. brachycarpa De Not., Syllab. Musc.: 250. 1838.
Type : [ITALY. Sardinia]: Grimmia trichophylla brachycarpa St. Barbara pr Cagliari,
3.III.1835, De Notaris s.n. (Lecto-: RO) (lectotypified and synonymized by MUÑOZ
& PANDO, 2000: 41) (Figs. 7.1-3 in MAIER, 2002a: 298).
 Grimmia sardoa Müll. Hal., Syn. Musc. Frond. 1: 786. 1849.
Type : [ITALY. Sardinia]: Ad rupes in montanis Sardinia australis, s.d., De Notaris
s.n. (Lecto-: RO) (lectotypified and synonymized by MUÑOZ, 1999a : 145) (Fig. 7.7
in MAIER, 2002a: 298).
 Grimmia ancistrodes Durieu & Mont. in Ann. Sci. Nat., Bot. ser. 3, 12: 318. 1849.
Type : [ALGERIA]: Grimmia ancistrodes DR & Mgn. Algerie [sic] Durieu, s.d.,
Durieu s.n. (Lecto-: PC) (lectotypified and synonymized by MUÑOZ & PANDO, 2000:
42) (Figs. 7.4-6 in MAIER, 2002a: 298).
 Grimmia californica Sull., Expl. Railroad Mississippi Pacific, Descr. Moss. Liverw.:
187. 1857.
Type : [U.S.A.]: California, 9.V.1854, Bigelow 1. A (Lecto-: FH, not seen ; isolecto-:
FH) (lectotypified and synonymized by MUÑOZ, 1999a : 146) (Fig. 26.23, from
Bigelow 1. A, FH).
 Grimmia subsquarrosa Wilson in J. Bot. 4: 231. 1866.
Type : [U.K. Scotland]: Moncrieff Hill nr Perth, V.1865, [White] s.n. (Lecto-: BM)
(lectotypified and synonymized with G. trichophylla Grev. by MUÑOZ & PANDO,
2000: 78) syn. nov. (Figs. 26.24-26, from [White] s.n., BM).
 Grimmia retracta Stirt. in Scott. Naturalist (Perth) 8: 235. 1886.
Type : [U.K. Scotland]: Loch Tay, 1866, Stirton s.n. (Holo-: GLAM ; iso-: BM) syn.
nov. (Figs. 26.27-29, from Stirton s.n., GLAM).
0.1 mm
4-5, 8-11, 14-19, 42

0.4 mm
7

1 mm
1-2, 6, 12-13

Figure 26.– Grimmia lisae De Not.: 1, perichaetial leaf ; 2, perigonial leaf ; 3, plant with sporophyte ; 4-5, transverse
sections of stems ; 6, leaf ; 7, outlines of transverse leaf sections ; 8, cells in leaf base ; 9, cells in transitional part ; 10, transverse
section of leaf ; 11, exothecial cells ; 12, calyptra ; 13, operculum ; 14, cells of operculum at base ; 15, peristome, outer side ;
16-19, peristome teeth, longitudinal sections; 42, transverse section of leaf.
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 Grimmia subsquarrosa var. edinensis Braithw., Brit. Moss-Fl. 2: 22. 1888.
Type : [U.K. Scotland]: Arthur’s Seat Edinburgh, 1869, Fergusson s.n. (Lecto-:
E, lectotypified here) syn. nov. (Figs. 26.30-32, from Fergusson s.n., E).
 Grimmia densa Kindb. in Bull. Torrey Bot. Club 17: 271. 1890.
Type : [CANADA]: Vancouver Island, 8.VI.1887, Macoun s.n. (Lecto-: S) (lectotypified and synonymized with G. trichophylla Grev. by MUÑOZ, 1999a : 176) syn. nov.
(Figs. 26.33-35, from Macoun s.n., S).
 Grimmia retracta var. submutica Stirt. in Ann. Scott. Nat. Hist. 6: 121. 1897.
Type : [U.K. Scotland]: Scotland, Loch Awe, nr. Achnacarron, 13.IX.1896, Stirton
s.n. (Lecto-: BM, lectotypified here) syn. nov. (Figs. 26.36-38, from Stirton s.n., BM).
 Grimmia azorica Renauld & Cardot in Bull. Soc. Roy. Bot. Belgique 41: 58. 1905.
Type : [PORTUGAL. Azores]: Sta. Maria, 28.VI.1894, Trelease 1393c (Lecto-: PC ;
syn-: PC) (lectotypified and synonymized by MUÑOZ, 1999a : 147) (Figs. 26.39-41,
from Trelease 1393c, PC).
 Grimmia trichophylla var. subincurva H. Winter in Hedwigia 55: 101. 1914.
Type : [PORTUGAL]. Madeira : Levada do Gordon (Monte), 900 m, V.1912,
Winter s.n. (Lecto-: JE) (lectotypified and synonymized with G. trichophylla Grev.
by MUÑOZ, 1999a : 176) syn. nov. (Fig. 26.42, from Winter s.n., JE).
 Grimmia robusta Braithw. in J. Bot. 10: 196. 1872 [non Nees & Hornsch., Bryol.
Germ. 2(1): 122. 1827].  G. britannica A. J. E. Sm. in J. Bryol. 17: 272. 1992.
Type : [U.K. Scotland]: Grimmia robusta, several forms, scarcely G. Schultzii, Clova,
1868, Fergusson s.n. (Lecto-: BM, lectotypified here) syn. nov. (Figs. 26.43-45, from
Fergusson s.n., BM).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 26.1) 1.9-3.2 mm
long, sheathing to lower third of leaf or to mid-leaf, from ovate base lanceolate, upper part
linear, subulate, lower third of leaf hyaline, costa in lower part weak, broad in upper part,
excurrent into bluntly denticulate hair-point; male : perigonia on stem in axils of branches as
multifoliose buds on short stalks, innermost perigonial leaf (Fig. 26.2) 0.8-0.9 mm long,
sheathing to above broadest part, ovate, tapering to acute apex, hyaline in lower part, costa
ending below apex, antheridia with few paraphyses. Growth form : cushions mostly disintegrating, adhering to substrate with rhizoids, young shoots originating from older parts of

Figure 26. cont.– Grimmia lisae De Not.: 20, leaf ; 21, cells in leaf base ; 22-23, transverse sections of leaf ; 24, leaf ;
25, cells in leaf base; 26, transverse section of leaf.
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plants, leaflets lanceolate, acute, appressed to stem, apices spreading, stem to 35 mm long, plants
erect (Fig. 26.3), strongly branched, with small, well-defined central strand (Figs. 26.4-5).
Leaves (Fig. 26.6) 1.8-2.7 mm long, loosely arranged on stem, straight, apices of comal
leaves slightly curved when dry, older leaves quickly bending backwards when moistened,
younger ones slowly so, erectopatent to spreading or squarrose when wet, from ovate, slightly
decurrent leaf base lanceolate or broad-lanceolate, tapering to acute apex, muticous or with
bluntly denticulate hair-point of variable length; propagule development on dorsal side of leaf
base; leaf form in situ (Fig. 26.7) at insertion one side with weak plica, above leaf base widely
keeled, in upper part of lamina keeled, margin on one side recurved from insertion to midleaf, occasionally slightly so on opposite side from transitional part to mid-leaf, in upper part
of lamina both sides plane; basal cells, (Fig. 26.8) besides some marginal cell rows, rectangular to elongate-rectangular, walls smooth or slightly nodulose, cells near margin isodiametric
or rectangular, walls smooth, in transitional part (Fig. 26.9) cells isodiametric to short rectangular, walls sinuose, in upper part of lamina lumina rounded, exterior cell walls smooth or
with joint thickenings; seen in transverse sections (Figs. 26.10, 26.46), leaf base unistratose,
lamina unistratose, in upper part occasionally with bistratose cell rows or apical part partly
bistratose, lamina margin with some bi- or tristratose cell rows. Costa, seen on dorsal side
(Fig. 26.6), stout, of the same width from insertion to below apical part, diminishing in apical part, percurrent, seen in transverse section (Fig. 26.10), on dorsal side at insertion and in
leaf base broadly rounded, in laminal part rounded, at insertion and in leaf base on ventral
side widely channelled, from upper part of lamina to apex narrowly channelled, at insertion
and in leaf base 6 guide cells, rarely 7 or 8, reduced in upper part of lamina to 4 guide cells, in
apical part to 2 guide cells, a median band of substereids throughout, hydroids present as a
small median group at insertion and in the leaf base in rare cases.
Sporophyte. Seta (Fig. 26.3) to 4.8 mm long, nearly straight when dry, arcuate or
curved when wet, epidermal cells (Fig. 26.47) arranged parallel to axis, vaginula 1.2 mm
long, cylindrical, with ochrea. Capsule exserted, pendent, ellipsoid, with short neck, weakly
ribbed, after dehiscence shrivelled, constricted at orifice, exothecial cells (Fig. 26.11) variable
in shape, nearly isodiametric cells mixed with rectangular ones, seen in transverse section
of capsule, exterior walls smooth, stomata numerous at neck, annulus of 3 or 4 rows of cells,
revoluble, detaching as ring-like spirals. Calyptra (Fig. 26.12) mitrate, covering upper fourth
of capsule. Operculum (Fig. 26.13) conical, beak long, straight, base uneven, (Fig. 26.14),
formed by 2 rows of angulate cells, in conical part cells elongate-hexagonal, thin-walled. Peristome (Fig. 26.15) teeth straight when dry, lanceolate, broad at base, upper half split into 2
divisions, slightly perforate, separated down to the insertion, trabeculae broad, in uppermost
part small, occasionally traces of a prostome present attached to the teeth (Fig. 26.15), lower
third of dorsal side smooth, 3 subsequent plates covered with fine papillae, upper third
densely covered with prickly papillae, ventral side densely covered with rounded papillae, seen

Figure 26. cont.– Grimmia lisae De Not.: 27, leaf; 28, cells in leaf base; 29, transverse section of leaf; 30, leaf; 31, cells in
leaf base; 32, transverse section of leaf; 43, leaf; 44, cells in leaf base; 45, transverse section of leaf; 47, epidermal cells of seta.
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in longitudinal sections (Figs. 26.16-19), teeth inserted at or slightly below orifice, between
exothecium and teeth 2 layers of cells and a paradental uniseriate prolongation of 2 or 3 cell
rows (Fig. 26.18) extends above the orifice, dorsal plates of teeth thicker than ventral
plates, trabeculae close together, protruding, in upper third weakly expressed, the paradental
uniseriate prolongation (Fig. 26.18) may be considered as a prostome, occasionally a welldeveloped prostome present (Fig. 26.16). Spores 14-17 μm, granulose.
Diagnostic characters.– Gametophyte. Leaves loosely arranged on stem, not contorted ;
cells in leaf base short, rectangular. Costa broad, at insertion 6 guide cells present. Sporophyte. Operculum with long, straight beak. Peristome occasionally with prostome.
Comparison of the specimens examined with the type specimen of G. lisae shows correspondence in leaf shape (Fig. 26.20), cells in leaf base (Fig. 26.21), and costal architecture
(Fig. 26.22).
Argumentation for synonymy.– The type specimens of G. californica and G. trichophylla
var. subincurva show correspondence in costal architecture (Fig. 26.23, Fig. 26.42) with the
type specimen of G. lisae. The type specimens of G. subsquarrosa, G. retracta, G. subsquarrosa
var. edinensis, G. densa, G. retracta var. submutica, G. azorica, and G. britannica show correspondence in leaf shape (Figs. 26.24, 26.27, 26.30, 26.33, 26.36, 26.39, 26.43), cells in
leaf base (Figs. 26.25, 26.28, 26.31, 26.34, 26.37, 26.40, 26.44), and costal architecture
(Figs. 26.26, 26.29, 26.32, 26.35, 26.38, 26.41, 26.45) with the type specimen of G. lisae.

0.1 mm
34-35, 37-38, 40- 41,
46

1 mm
33, 36, 39

Figure 26. cont.– Grimmia lisae De Not.: 33, leaf; 34, cells in leaf base; 35, transverse section of leaf; 36, leaf; 37, cells
in leaf base ; 38, transverse section of leaf ; 39, leaf ; 40, cells in leaf base ; 41, transverse section of leaf ; 46, transverse section of
leaf.
[1, 3, 11, Solms s.n. (GOET) ; 2, Long 15929 (E) ; 4, 17, Nebel 127 (STU) ; 5-10, van Melick 871 349 (van Melick) ;
12, Koppe s.n. (STU); 13-16, 47, Lübenau s.n. (G); 18, Nyholm & Crundwell 440 (E); 19, Culmann s.n. (Z); 46, Watt s.n. (NY).
Analysis of the type specimens: Grimmia lisae De Not.: 20-22, Lisa s.n. (RO); Grimmia californica Sull.: 23, Bigelow 1 A. (FH);
Grimmia subsquarrosa Wilson : 24-26, [White] s.n. (BM) ; Grimmia retracta Stirt.: 27-29, Stirton s.n. (GLAM) ; Grimmia
subsquarrosa var. edinensis Braithw.: 30-32, Fergusson s.n. (E) ; Grimmia densa Kindb.: 33-35, Macoun s.n. (S) ; Grimmia retracta
var. submutica Stirt.: 36-38, Stirton s.n. (BM) ; Grimmia azorica Renauld & Cardot : 39-41, Trelease 1393c (PC) ; Grimmia
trichophylla var. subincurva H. Winter: 42, Winter s.n. (JE); Grimmia britannica A. J. E. Sm.: 43-45, Fergusson s.n. (BM)]
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Comments.– In 1992 G. britannica (SMITH, 1992) was published as nomen novum
for ‘G. robusta Ferg. in Braithw.’ in BRAITHWAITE (1872 : 196), the epithet robusta being an
illegitimate homonym of the earlier name G. robusta Nees & Hornsch. (1827).
The selection of a type for G. robusta Braithw., is based on several considerations.
– The protologue (BRAITHWAITE, 1872 : 196) mentions the collection sites ‘Clova
mountains’ (Fergusson), ‘Fairhead’ (Moore), ‘Cardross and Bowling’ (Stirton), and
‘Ross-shire’ (Hunt).
– The information on the identity of the species given in the protologue is not clear.
The drawing (Tab. 124, Fig. 3.d) shows a leaf base with rather short basal paracostal
cells.
– More instructive is BRAITHWAITE (1888: 23) where he describes G. decipiens (Schultz)
Lindb. as having ‘cells at base linear, elongate’, a strong character of the species, and
the ‘var. ß robusta (Ferg.)’ as having ‘the basal cells shorter, firmer’. Opting for the
species with the shorter basal cells, Braithwaite synonymized G. decipiens var. robusta
Braithw., nom. nov., with G. robusta Braithw., nom. illeg., described in BRAITHWAITE
(1872 : 196, and illustrated on Tab. 124, Fig. 3.d), thus excluding G. decipiens from
the potential type material.
In the rich material received on loan from BM, a packet with a label satisfying the protologue concerning the collection site ‘Clova’ and the collector ‘Fergusson’ as well as the collecting
year ‘1868’ (before the publication date, 1872) was found. Moreover, on the label is noted
“scarcely G. Schultzii [ G. decipiens]”, supporting the above stated exclusion of G. decipiens
from the type material. In the packet are six samples glued on paper. Two of them are G. elatior,
a species with elongate basal paracostal cells. The four other specimens are G. lisae, a species with
short basal paracostal cells. Therefore it is probable that Braithwaite based G. robusta on
a specimen of G. lisae. Considering the given arguments, G. britannica is recognized here as a
synonym of G. lisae.
The lectotype specimen for G. robusta ( G. britannica) selected from the material in
the BM, as G. lisae, wrapped in paper, is included in a packet together with the five other
specimens. The specimen previously selected by MUÑOZ & PANDO (2000: 78) as lectotype of
G. subsquarrosa “Hill of Moncrieff. May, 1865 (Dr. White)” was identified correctly on the
herbarium packet as G. lisae but was placed under the name ‘G. trichophylla Grev.’ in MUÑOZ
& PANDO (2000: 78). On the herbarium sheet in BM the packet annotated as the lectotype
has a collection date of ‘May 1855’, instead of “May 1865” as required by the protologue.
The specimen most closely matching the protologue and the lectotype designation of MUÑOZ
& PANDO (2000: 78) has been re-annotated during this work based on one of the specimens
that had been seen by Muñoz. The specimens on the sheet were previously determined as
G. lisae, and their determinations are confirmed here. Grimmia subsquarrosa has here been
newly synonymized with G. lisae.
Distribution.– Asia : India, Turkey. Africa : Algeria, Morocco, Tunisia. Europe : France
including Corsica, Germany, Greece including Crete, Naxos and Samotrace, Hungary, Italy
including Elba, Ischia, Sardinia and Sicily, Portugal including Azores and Madeira, Spain
including the Canary Islands (Gomera), U.K. (Northern Ireland, Scotland). North America :
Canada (British Columbia). U.S.A.(California), Hawaii.

Grimmia lisae

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

Habitat and substrate.– In open to deeply shady situations, in woodland and wooded
ravines, on large boulders, on flat to concave rocks ; on siliceous and basic rocks, and on dry
sandstone, from 100 to 2000 m.
Specimens examined (70), selected for description : GREECE : Insel Naxos, s.d., Nebel
127 (G, STU). IRELAND. Galway : Connemara, Killadoon, basic rocks and wooded ravine.
L 76.75. Alt. 50-150 m, 14.VIII.1987, van Melick 871 349 (G, van Melick). INDIA.
Manipur : Eastern frontier of India, 1881-82, Watt s.n. (NY). ITALY. Florence : Lastra di
Signa, Pozzo di San Romolo, 250 m, 4.IV.1914, Culmann s.n. (Z). PORTUGAL. Algarve :
Caldas de Monchique, above village square. On top of granite boulder by path in woodland,
ca. 260 m, 27.IX.1989, Long 15 929 (E); Monchique, Cord. de Gorgante ad latere Foia mts.,
vere 1866, Solms s.n. (GOET). SPAIN. Canary Islands : Gomera, feuchte Felswand, Nähe
Garajonay, mit Hedwigia, 1250 m, 23.IV.1984, Lübenau s.n. (G) ; Cadiz : Algeciras, Tal von
Miel, trockener Sandstein, 14.IV.1963, Koppe s.n. (STU). TURKEY. Muǧla : On rock in pine
forest ca 2 km est of Çelibel, 50 m, 1.IV.1971, Nyholm & Crundwell 440 (E).

27. Grimmia longirostris Hook., Musci Exot. 1: sub tab. 62. 1818 (Figs. 27.1-27).
Type : [ECUADOR]: H 2669, s.d., Humboldt 76 (Lecto-: BM) (lectotypified by
DEGUCHI, 1984: 21) (Figs. 27.28-30, from Humboldt 76, BM).
 Grimmia affinis Hornsch. in Flora 2: 443. 1819 [non Hornsch. in Flora 2: 85. 1819].
Type : [AUSTRIA]: Windischmattreyer Tauern, s.d., s.coll. s.n. (Lecto-: B, not seen)
(lectotypified by DEGUCHI, 1979: 158) (synonymized by MUÑOZ, 1998a: 353).
 Grimmia hausmanniana De Not. in Comment. Soc. Crittog. Ital. 2: 102. 1865.
Type: [AUSTRIA]. Tirol: Rittner Horn, s.d., Hausmann s.n. (Location of the holotype
not designated ; iso-: BM) (synonymized by MUÑOZ, 1998a : 353) (Figs. 27.31-32,
from Hausmann s.n., BM).
 Grimmia ovata var. praecox A. Kern., Fl. Exsicc. Austro-Hungar.: n° 316. 1881 [in
sched.].
Type: [AUSTRIA]. Tirol: In saxis schist. ad Trins in valle Gschnitz; 1200 m, copiose,
s.d., Kerner 316 (Lecto-: BM, not seen ; isolecto-: BM, G, GOET) (lectotypified and
synonymized by MUÑOZ, 1998a: 353) (Fig. 27.33, from Kerner 316, G).
 Grimmia leucophaeola Müll. Hal. in Linnaea 43: 456. 1882.
Type: ARGENTINA: Tafi, 1877, Lorentz s.n. (Lecto-: JE; isolecto-: JE) (lectotypified
and synonymized by MUÑOZ, 1998a: 353) (Fig. 27.34, from Lorentz s.n., JE).
 Grimmia rufa Müll. Hal. in Bot. Jahrb. Syst. 5: 81. 1884.
Type: [FRANCE. French Southern and Antarctic Territories]: Kerguelen, XI.1874,
Naumann s.n. (Lecto-: PC. not seen; isolecto-: H-BR) (lectotypified and synonymized
by MUÑOZ, 1999a: 149) (Fig. 27.35, from Naumann s.n., H-BR).
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 Grimmia microovata Müll. Hal. in Nuovo Giorn. Bot. Ital. ser. 2, 4: 128. 1897.
Type : BOLIVIA. Cochabamba : Prope Choquecamata, VI.1889, Germain under
1142 (Lecto-: JE, not seen; isolecto-: G) (lectotypified by MUÑOZ, 1998a: 353) (synonymized by DEGUCHI, 1987: 25) (Fig. 27.36, from Germain under 1142, G).
 Grimmia subovata Müll. Hal. in Nuovo Giorn. Bot. Ital. ser. 2, 4: 128. 1897.
Type : BOLIVIA. Larecaja : Viciniis Sorata, Ancouma, sopra muros de la Hacienda
Peñas. Reg. subalpina et alpina. Alt. 3700-4000 m, IV.1860, Mandon 1634 (Lecto-:
BM, not seen; isolecto-: G) (lectotypified and synonymized by MUÑOZ, 1998a: 354)
(Fig. 27.37, from Mandon 1634, G).
 Grimmia itatiaiensis Müll. Hal. in Bull. Herb. Boissier 6: 108. 1898.
Type : [BRAZIL]: Serra do Itatiaia, 2100 m, ad rupes, III.1894, Ule 124 (Lecto-:
H-BR, not seeen; isolecto-: G) (lectotypified by MUÑOZ, 1998a: 354) (synonymized
with G. affinis Hornsch. by CAO & CHURCHILL, 1995a : 505) (Fig. 27.38, from Ule
124, G).
 Grimmia catalinensis E. B. Bartram in Bryologist 27: 62. 1924.
Type : [U.S.A.]. Arizona : Ravine near top of Mt. Lemon, Santa Catalina Mountains,
Pima County, rocks, 9000 ft., 15.I.1923, Bartram 387 (Holo-: FH) (synonymized by
MUÑOZ, 1998a: 354) (Fig. 27.39, from Bartram 387, FH).
 Grimmia catalinensis var. mutica E. B. Bartram in Bryologist 27: 62. 1924.
Type : [U.S.A.]. Arizona : White House Canyon, Santa Rita Mountains, Santa Cruz
County, low boulder, 5500 ft., 18.II.1923, Bartram 683ß (Holo-: FH) (synonymized
by MUÑOZ, 1998a: 354) (Figs. 27.40-41, from Bartram 683ß, FH).
 Grimmia somervellii Dixon in J. Bot. 63: 221. 1925.
Type : [NEPAL]: Rongbuk Valley, Mt. Everest ; 16-17.000 ft., 1925, Somervell 1001
(Holo-: BM; para-: BM) (synonymized by MUÑOZ & PANDO, 2000: 50) (Figs. 27.4243, from Somervell 1001, holotype, BM).

0.1 mm
8-9, 14-15, 20-22,
25-27

0.4 mm
7

1 mm
1-2, 5-6, 23-24

Figure 27.– Grimmia longirostris Hook.: 1, perichaetial leaf ; 2, perigonial leaf ; 3, plant with sporophyte ; 5-6, leaves ;
7, outlines of transverse leaf sections ; 8-9, cells in leaf base ; 14-15, transverse sections of leaf ; 20, epidermal cells of seta ;
21, exothecial cells ; 22, stoma ; 23, calyptra ; 24, operculum ; 25, cells of operculum at base ; 26, peristome teeth, outer side ;
27, peristome tooth, longitudinal section.
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 Grimmia stenopyxis Thér. in Rev. Bryol. Lichénol. 9: 8. 1936.
Type : ECUADOR : sur un rocher, base du Pichincha (3200m), 24.X.1930, Benoist
3076 (Lecto-: PC, not seen ; isolecto-: G ; syn-: G, Benoist 2281) (lectotypified by
MUÑOZ, 1998a: 354) (synonymized with G. affinis Hornsch. by CAO & CHURCHILL,
1995a: 507) (Fig. 27.44, from Benoist 3076, G).
 Grimmia sumatrana Dixon in Ann. Bryol. 12: 50. 1939.
Type : [INDONESIA]. Insula Sumatra : Gajolandon, cushions on rocks, 32503500 m, 4.II.1937, van Steenis 10152 (Syn-: L) (synonymized with G. affinis Hornsch.
by DEGUCHI, 1986 : 328) (Figs. 27.45-47, from van Steenis 10152, L).
 Grimmia antillarum Thér. in Rev. Bryol. Lichénol. 14: 13. 1944.
Type : [DOMINICAN REPUBLIC]. Azua : Santo Domingo. On stones. Cordillera
Central, Los Vallecitos de Yaque, common, c. 2500 m, 2.X.1929, Ekman H 13630
(Lecto-: PC, not seen ; isolecto-: G) (lectotypified and synonymized by MUÑOZ,
1998a: 354) (Fig. 27.48, from Ekman H 13630, G).
Gametophyte. Monoicous or dioicous. Female : innermost perichaetial leaf (Fig. 27.1)
to 3.5 mm long, sheathing to two-thirds of leaf length, leaf base elongate, in broadest part
suddenly narrowed to subulate apical part, margin with broad band of hyaline cells from
insertion to broadest part of leaf, vanishing gradually, other cells chlorophyllose, below and
above broadest part of leaf marginal cells with slightly protruding joint thickenings, costa
excurrent into denticulate hair-point, occasionally a supplementary innermost perichaetial
leaf is present which is thin, short, not sheathing, and hyaline to mid-leaf; male : perigonia as
multifoliose buds on short stalks at branchings or in leaf axils, several in a plant, innermost
perigonial leaf (Fig. 27.2) 0.8 mm long, sheathing to broadest part of leaf, concave, broadovate, tapering to apiculate apex, costa vanishing below apex, lower two-thirds of leaf hyaline,
antheridia with few paraphyses present in younger perigonia. Growth form : cushions dense,
adherent to substrate with rhizoids, from base of the cushion originating young shoots with
cordate leaflets, apices muticous, acute, patent, stems to 30 mm long, plants erect (Fig. 27.3),
branched, radiculose at base, central strand (Fig. 27.4) well-developed. Leaves lower leaves
short lanceolate, becoming longer at tip of stem, upper stem leaves (Figs. 27.5-6) to 3 mm
long, loosely arranged on stem, apices may be contorted, imbricate when dry, bending backwards when moistened, erectopatent when wet, from ovate base gradually narrowed to lanceolate lamina, tapering to acute apex, hair-point length from short to length of lamina, faintly to
strongly denticulate ; leaf form in situ (Fig. 27.7) at base concave, one side plicate, in laminal
part keeled, narrowly so below apex, margin on broader side from insertion to mid-leaf
recurved or revolute, opposite side mostly plane ; basal paracostal cells (Figs. 27.8-12) elongate-rectangular, walls nodulose, thickened, transverse walls markedly thin, often oblique,

Figure 27. cont.– Grimmia longirostris Hook.: 4, transverse section of stem; 10, cells in leaf base; 13, cells in transitional
part; 16-19, transverse sections of leaf.
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cells near margin quadrate to rectangular, walls smooth, transverse walls thickened, in some
specimens hyaline to broadest part of leaf, in transitional part paracostal cells (Fig. 27.13)
short-rectangular, walls thickened, nodulose or smooth, upper lamina cells rounded-quadrate,
walls thickened, faintly sinuose; seen in transverse sections (Figs. 27.14-19), at insertion and
in leaf base unistratose, in transitional part and lower laminal part uni- to bistratose, in upper
part bistratose, margin with several rows of cells bistratose except in leaf base. Costa, seen on
dorsal side (Figs. 27.5-6), of nearly uniform width, slightly smaller at insertion, indistinct or
obscure in keeled part, percurrent, seen in transverse sections (Figs. 27.14-19), on dorsal side
at insertion and in leaf base broadly rounded, in lower laminal part unevenly rounded, indistinct in upper laminal and keeled part, on ventral side at insertion and in leaf base channelled,
in laminal part narrowly channelled, at insertion and in leaf base 6 guide cells, rarely only
4 guide cells, in upper part 4 to 5 guide cells, in apical part 2 guide cells, from insertion to
apical part a central band of stereids or substereids, occasionally a central group of hydroids
present, vanishing in upper part of leaf.
Sporophyte. Seta (Fig. 27.3) straight, 1-5 mm long, epidermal cells (Fig. 27.20) turning to the right, vaginula 0.9-1.2 mm long, cylindrical, with ochrea. Capsule exserted, emergent or immersed, erect, cylindrical, oblong-ovoid, narrowed at orifice, smooth, exothecial
cells (Fig. 27.21) multiform, elongate, walls curvilinear, seen in transverse section of capsule,
exterior walls smooth, neck well-developed in nearly or completely mature capsules, stomata
(Fig. 27.22) above capsule base, spore sac on short stalk, thus creating a small air space, annulus of 3-4 rows of cells, detaching as spirals. Calyptra (Fig. 27.23) mitrate, covering upper
third of capsule. Operculum (Fig. 27.24) conical, rostellate, beak straight or slightly oblique,
base serrulate (Fig. 27.25), formed by 1 or 2 rows of rounded cells, in conical part cells rhombic, rounded-rectangular, thick-walled. Peristome (Fig. 27.26) teeth erect when dry, lanceolate, entire or split into 2 or 3 divisions, separated down to the 2 lowest plates, trabeculae
small in lower part, thin in upper part, on dorsal side 2 or 3 plates smooth, the consequent
dorsal part covered with fine papillae, the upper third of dorsal side and ventral side densely
covered with conspicuous papillae, seen in longitudinal section (Fig. 27.27), teeth inserted
below orifice, between exothecium and teeth 1 layer of cells present, their dorsal plates thicker
than ventral plates, trabeculae in lower half close together, protruding, in upper half distant,
indistinct. Spores 10-12 μm, smooth.
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31-32, 36-38, 42- 44,
46

28

Figure 27. cont.– Grimmia longirostris Hook.: 28, leaf; 31, cells in leaf base; 32, transverse section of leaf; 36-38, transverse sections of leaf; 42, cells in leaf base; 43-44, transverse sections of leaf; 46, cells in leaf base.
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Diagnostic characters.– Gametophyte. Leaves in apical part keeled, margin recurved on
larger side, basal cells with strikingly small transverse walls. Costa in lower part of lamina
unevenly rounded, somewhat angulate. Sporophyte. Peristome papillae conspicuous in
upper third of teeth only.
Comparison of the specimens examined with the type specimen of G. longirostris shows
correspondence in leaf shape (Fig. 27.28), cells in leaf base (Fig. 27.29), and costal architecture (Fig. 27.30).
Argumentation for synonymy.– The type specimens of G. hausmanniana and G. somervellii show correspondence in cells in leaf base (Figs. 27.31, 27.42), and costal architecture
(Figs. 27.32, 27.43) with the type specimen of G. longirostris. The type specimens of
G. ovata var. praecox, G. leucophaeola, G. rufa, G. microovata, G. subovata, G. itatiaiensis,
G. catalinensis, G. stenopyxis, and G. antillarum show correspondence in costal architecture
(Figs. 27.33, 27.34, 27.35, 27.36, 27.37, 27.38, 27.39, 27.44, 27.48) with the type specimen of G. longirostris. The type specimen of G. catalinensis var. mutica shows correspondence
in leaf shape (Fig. 27.40), and costal architecture (Fig. 27.41) with the type specimen of
G. longirostris. The type specimen of G. sumatrana shows correspondence in leaf shape
(Fig. 27.45), cells in leaf base (Fig. 27.46), and costal architecture (Fig. 27.47) with the type
specimen of G. longirostris.
Comments.– Cushions of male plants can be found sporadically with perigonia in the
leaf axils, mostly several per stem. MÜLLER (1853 : 62) described a dioicous specimen as
G. neilgherriensis. LOESKE (1930: 130), doubted the exclusively autoicous state of the taxon.
A discussion on the reliability of separating taxa based on sexual conditions is given under the
description of species 32. Grimmia montana in the discussion of G. ungeri.
Hair-point length and denticulation appear to be dependant on growing conditions.
Thus, plants collected at higher altitudes on dry rocks and boulders have reduced hair-points
or even muticous apices (Fig. 27.40). Stratosity of lamina varies from bi- to partly quadristratose (Figs. 27.16, 27.18). Seta length varies from 2-7 mm long. Plants with immersed
capsules have been identified erroneously as G. pilifera. Variability of capsule form has been
documented in detail by CAO & VITT (1986: 139).
MUÑOZ (1998a : 352), recognized the nomenclatural problem concerning the name
G. affinis and proved that the earlier name G. longirostris must be applied to the taxon.
0.1 mm
11, 29-30, 35, 39,
47

1 mm
40, 45

Figure 27. cont.– Grimmia longirostris Hook.: 11, cells in leaf base ; 29, cells in leaf base ; 30, transverse section of leaf ;
35, transverse sections of leaf; 39, transverse sections of leaf; 40, leaf; 45, leaf; 47, transverse section of leaf.
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Distribution.– Africa : Kenya, La Réunion, South Africa. America. North America :
Canada (Labrador), U.S.A. (Alaska, Arizona, Colorado), Hawaii, West Indies (Dominican
Republic). Central America: Costa Rica. South America: Bolivia, Brazil, Ecuador, Peru. Asia:
China, India, Indonesia (Sumatra), Mongolia, Nepal. Australia : Australia. Europe : Austria,
Germany, France including French Southern and Antarctic Territories (Kerguelen), Italy,
Serbia, UK (Scotland).
Habitat and substrate.– On sunny rocks in alpine meadows, mixed forests and steppic
formations, on overhanging boulders, on scree, on sand near glaciers, on valley slopes, ashcovered rocks near volcano craters, on basalt dykes ; on granite, dry lava rock, porphyry,
sandstone, siliceous rocks, from 860 to 4800 m.
Specimens examined (300), selected for description : ASIA. Mongolia : Tör-Aimak,
südliches Chentej-Gebirge, Terel ?, Höhenzug westlich der Strasse Terel ?-Ulan-Bator, 30.VI.
1088, Siegel s.n. (G, Siegel). AUSTRALIA. Western Australia : Eyre. Toolbrunup Stirling
Range National Park. Lat.: 34°22’S Long.: 118°03’E. Growing on rock, along gorge, 16.IX.
1965, Beauglehole 14712 (MEL). AUSTRIA. Carinthia : Heiligenblut, Franz-JosephHaus, Panoramaweg, 2360 m, alpiner Rasen, Silikatgestein, 25.VIII.1994, Maier 9119 (G).
COSTA RICA. San Jose : SE San Jose, Cerio dela Muerte, Abhang, schattenlos, 3500 m,
Felsen, XI. 2005, Lübenau s.n. (Lübenau). GERMANY. Bavaria: Oberallgäu, Unterschwarzenberg, Findling bei Schmalzhausenstein, grosser Molasseblock, Westseite, 860 m, 12.III.2000,
Lübenau s.n. (G, Lübenau). ITALY. Vintschgau : S Reschenpass, St. Valentin, Bergwald,
trockene, schattige Felsen (Porphyr), 1550 m, 1.VIII.1964, Düll s.n. (Düll). NEPAL: W bank
of Ghunsa Khola between Rambuc Kharka and Kambachen, 27°43’N 87°58’E ; large block
scree on slope of valley ; on large boulders, ca. 4050 m, 9.IX.1989, Long 16787 (E, G).
PERU. Puno : Auf teilweise exponiertem Granitblock auf kleiner Insel (mit Museum) im
Titikaca-See bei Puno, 3815 m, 10.X.1989, Schäfer-Verwimp 11874A (G, Schäfer-Verwimp)
INDIA. Himalaya : Lachoong [ Lachung], 15.000’, s.d., Hooker 328 (BM, Herb. Ind. Or.).
U.S.A. Hawaii : Maui, Haleakala National Park. Upper NW slopes of Haleakala near planted
Eucalyptus grove. On ash-covered more or less exposed rocks, ca. 8600 ft., 2.VI.1977, Hoe
4423.0 (BISH, G).

Figure 27. cont.– Grimmia longirostris Hook.: 12, cells in leaf base ; 33-34, transverse sections of leaf ; 41, transverse
section of leaf; 48, transverse section of leaf.
[1, 3, 20-27, Düll s.n. (G) ; 2, Lübenau s.n. (Lübenau) ; 4-5, 8, 13, Siegel s.n. (G, Siegel) ; 6-7, Schäfer-Verwimp 11874A
(G, Schäfer-Verwimp); 9, 16, Maier 9119 (G); 10, 14, Lübenau s.n. (G); 11, 17, Hooker 328 (BM); 12, 18, Long 16787 (E, G);
15, Beauglehole 14712 (MEL) ; 19, Hoe 4423.0 (BISH, G). Analysis of the type specimens : Grimmia longirostris Hook.:
28-30, Humboldt 76 (BM); Grimmia hausmanniana De Not.: 31-32, Hausmann s.n. (BM); Grimmia ovata var. praecox A. Kern.:
33, Kerner 316 (G); Grimmia leucophaeola Müll. Hal.: 34, Lorentz s.n. (JE); Grimmia rufa Müll. Hal.: 35, Naumann s.n. (H-BR);
Grimmia microovata Müll. Hal.: 36, Germain under 1142 (G); Grimmia subovata Müll. Hal.: 37, Mandon 1634 (G); Grimmia itatiaiensis Müll. Hal.: 38, Ule 124 (G); Grimmia catalinensis E. B. Bartram: 39, Bartram 387 (FH); Grimmia catalinensis var. mutica
E. B. Bartram: 40-41, Bartram 683ß (FH); Grimmia somervellii Dixon: 42-43, Somervell 1001 (BM); Grimmia stenopyxis Thér.:
44, Benoist 3076 (G); Grimmia sumatrana Dixon: 45-47, van Steenis 10152 (L); Grimmia antillarum Thér.: 48, Ekman H 13630 (G)]
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28. Grimmia macrotheca Mitt. in J. Proc. Linn. Soc., Bot., Suppl. 1: 44. 1859 (Figs. 28.1-16).
Type: [INDIA]. Sikkim: Jongri, 12.000 ft, s.d., Hooker 316 (Holo-: NY) (Figs. 28.1719, from Hooker 316, NY).
 Grimmia longicapsula [longicapusula] C. H. Gao & T. Cao in Acta Bot. Yunnan. 3 :
395. 1981.
Type : [CHINA. Tibet. Yadong County]: [ Chumbi Valley]. Ji-Neou, on
rock, 28.V.1975, Zang Mu 39 (Holo-: IFSBH, not seen ; iso-: NY) (synonymized
by C AO & V ITT, 1986 : 196) (Figs. 43 A-L, from Zang-Mu 39 in C AO & V ITT,
1986 : 197).
Gametophyte. Monoicous. Female : innermost perichaetial leaf 2.2-2.5 mm long, more
or less sheathing in lower hyaline part, lanceolate, costa excurrent into bluntly denticulate
hair-point ; male : perigonia on stem below subfloral innovation, antheridia numerous, with
paraphyses, freely on stem, surrounded by 2 perigonial leaves (Fig. 28.1), to 0.8 mm
long, sheathing, ovate, apex acute, costa weak, percurrent. Growth form : cushions lax, stems
to 20 mm long, plants erect (Fig. 28.2), branched, central strand (Fig. 28.3) well-developed.
Leaves (Fig. 28.4) 2.2-3.2 mm long, imbricate, appressed to stem, lower part contorted,
upper part flexuose when dry, squarrose when moistened, patent when wet, lanceolate
to broadly lanceolate, from broad, slightly decurrent leaf base tapering to acute, apiculate
apex, or short, hyaline, greenish or brownish tinged hair-point, or to bluntly denticulate
(Fig. 28.5), or to elongate hair-point appearing twisted by somewhat obliquely arranged cells,
decurrent at apical part as border of 2 rows of elongate-rectangular thick-walled cells, distally
bluntly protruding, lumina distinct in all forms of hair-points; leaf form in situ (Fig. 28.6) in
leaf base concave, in upper part keeled, in extreme apical part widely so, margin revolute on
one side from insertion to mid-leaf, on opposite side revolute or recurved from above leaf base
to mid-leaf ; cells in leaf base (Fig. 28.7) elongate-rectangular, walls more or less nodulose,
towards margin walls smooth, some rows hyaline, lamina cells in transitional part (Fig. 28.8)
rectangular, walls strongly sinuose, thick-walled, in upper part irregular, short-rectangular to
isodiametric, walls sinuose or smooth, thick-walled ; seen in transverse section (Fig. 28.9),
leaf base and lamina unistratose, at margin 1 or 2 cell rows unistratose or bistratose. Costa,
seen on dorsal side (Fig. 28.4), of uniform width, vanishing at apex, seen in transverse section
(Fig. 28.9), on dorsal side rounded throughout, on ventral side in lower part of leaf widely
channelled, in upper part channelled, at insertion and in leaf base 4 guide cells, reduced to
2 in upper third of leaf, in leaf base a median band of substereids and a small group of
hydroids, gradually vanishing to below apex.
0.1 mm
3, 5, 7-10, 14-16

0.4 mm
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1 mm
1, 4, 12-13

Figure 28.– Grimmia macrotheca Mitt.: 1, perigonial leaf ; 2, plant with sporophyte ; 3, transverse section of stem ;
4, leaves ; 5, apical cells ; 6, outlines of transverse leaf sections ; 7, cells in leaf base ; 8, cells in transitional part ; 9, transverse
section of leaf ; 10, epidermal cells of seta ; 12, calyptra ; 13, operculum ; 14, cells of operculum at base ; 15, peristome teeth,
outer side; 16, peristome tooth, longitudinal section.
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Sporophyte. Seta (Fig. 28.2) 5-8 mm long, twisted, nearly erect when dry, curved
when wet, epidermal cells (Fig. 28.10) in lower half arranged parallel to axis, in upper half
turning to the right, vaginula 1.2 mm long, cylindrical. Capsule emergent, erect when dry,
horizontal when wet, cylindrical, smooth, shrivelling with age, exothecial cells (Fig. 28.11) of
variable shape, walls curvilinear, thin, seen in transverse section of capsule, exterior walls
smooth, stomata numerous at neck, annulus of 3-4 cell rows, detaching spirally in groups.
Calyptra (Fig. 28.12) cucullate. Operculum conical (Fig. 28.13), beak straight, blunt,
base serrulate (Fig. 28.14), cells in conical part irregular, walls slightly thickened. Peristome
(Fig. 28.15) teeth spreading, their apices inflexed when dry, elongate-lanceolate, entire,
separated down to the lowest plates, trabeculae in lowest plates more or less broad in teeth in
the same capsule, in upper part small, dorsal basal plates smooth, upper dorsal side and
ventral side covered with fine papillae, seen in longitudinal section (Fig. 28.16), teeth inserted
at orifice or slightly below it, 1 more or less developed layer of cells between exothecium and
teeth present, their outer plates thicker than inner plates, trabeculae in lower part close together,
sharply protruding, in upper part distant, scarcely marked. Spores 10-12 μm, smooth.
Diagnostic characters.– Gametophyte. Leaves with margins revolute on both sides
or revolute on one side only, recurved on other side. Costa at insertion and in leaf base
with 4 guide cells, hydroids present. Sporophyte. Capsule small, cylindrical, horizontal.
Peristome inserted at orifice.
Comparison of the specimens examined with the type specimen of G. macrotheca
shows correspondence in leaf shape (Fig. 28.17), cells in leaf base (Fig. 28.18), and costal
architecture (Fig. 28.19).
Comments.– Hair-points are highly variable in length in the same plant. Besides muticous
leaves, leaf apices with some hyaline cells only, or very short hair-points (Fig. 28.5), or even elongate ones may be seen. Hair-points can be twisted, decurrent in apical part as a bluntly denticulate border of 2 rows of elongate cells (GANGULEE, 1972: 813, Fig. 379, LA). Numerous slender,
cylindrical capsules on curved setae (seen in wet state), characterize G. macrotheca.
Distribution.– Asia: China including Tibet, India, Nepal.
Habitat and substrate.– In pine forests, in scrub, near river banks, on moraines of glaciers;
on siliceous rock, from 3300 to 4000 m.
Specimens examined (9), selected for description : CHINA. Zhongdian (Chungtien) :
River valley in Bi Ta Hai Forest reserve. On pine forest and scrub on river bank ; on boulder,
3360 m, 26.IX.1990, Long 18556 (E, G). NEPAL. Langtang Area : Slopes N of Kyangjin,
moraines of Langtang Lirung Glacier, ca. 4000 m, IX.1986, Poelt s.n. (GZU).
Figure 28. cont.– Grimmia macrotheca Mitt.: 11, exothecial cells ; 17, leaf ; 18, cells in leaf base ; 19, transverse
section of leaf.
[1, 3-16, Long 18556 (E, G) ; 2, Poelt s.n. (GZU). Analysis of the type specimen : Grimmia macrotheca Mitt.:
17-19, Hooker 316 (NY)]
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29. Grimmia maido Greven in Bryologist 99: 428. 1996 (Figs. 29.1-8).
Type : [FRANCE]. La Réunion : Le Maïdo, at the end of R.F.8, alt. 2150 m,
between shrubs on exposed, horizontal, basaltic rock, 7.X.1995, Greven & Khoeblal
4000/1 (Holo-: L, not seen ; iso-: MO ; para-: MO, Crosby & Crosby 8430)
(lectotypified and synonymized with G. longirostris Hook. by M UÑOZ , 1998a :
354) (Figs. 29.9-11, from Greven & Khoeblal 4000/1, isotype, MO).
Gametophyte. Monoicous. Female : perichaetia not seen ; male : perigonium as bud
at stem tip, innermost perigonial leaf (Fig. 29.1) 0.7 mm long, scarcely sheathing, ovate,
muticous, acute, hyaline below apical part, costa ending below apex, antheridia without paraphyses. Growth form : cushions compact, adherent to substrate with rhizoids, interwoven
with young shoots, leaflets half-sheathing, appressed to stem, from broad leaf base tapering
to acute apex, stems to 1.3 mm long, plants radiculose at base, branched, central strand
(Fig. 29.2) developed. Leaves (Fig. 29.3) 1.1-1.5 mm long, densely arranged on stem, the
lower ones decomposed, in comal part appressed to stem when dry, scarcely moving when
moistened, erectopatent when wet, from broad ovate, slightly sheathing leaf base tapering to
obtuse apex, lengthwise striate, hair-point of variable length, bluntly denticulate (Fig. 29.4) ;
leaf form in situ (Fig. 29.5) widely concave from insertion to transitional part, keeled in laminal part, margins plane ; basal cells (Fig. 29.6) near to broadened costa rectangular, towards
margin isodiametric or oblate, walls smooth, thick, transverse walls markedly thickened, lamina cells more or less isodiametric, lumina rounded or elliptical ; seen in transverse sections
(Figs. 29.7-8), leaf base unistratose, in laminal part bistratose with unistratose patches or
unistratose with bistratose patches, in apical part nearly unistratose. Costa, seen on dorsal side
(Fig. 29.3), broadened at insertion and in leaf base, broad in transitional part, from there to
apex in places not clearly defined, seen in transverse sections (Figs. 29.7-8), on dorsal side at
insertion flat or broadly rounded, rounded in laminal part, on ventral side from insertion to
transitional part widely channelled, in laminal part channelled, at insertion more than 6 ventral cells, number variable, in transitional part 6 guide cells, reduced to 2 guide cells in apical
part, at insertion 3 groups of star-shaped hydroids present, vanishing in lower part of lamina.
Sporophyte. Unknown.
Diagnostic characters.– Gametophyte. Leaves in surface view appearing striate. Costa
broadened at insertion, seen on dorsal side from above transitional part to apex in places not
clearly defined.
Comparison of the specimen examined with the type specimens of G. maido shows correspondence in leaf shape (Fig. 29.9), cells in leaf base (Fig. 29.10), and costal architecture
(Figs. 29.11-12).

Figure 29.– Grimmia maido Greven: 1, perigonial leaf; 2, transverse section of stem; 3, leaves; 4, apical cells; 6, cells in
leaf base; 7-8, transverse sections of leaf.
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Comments.– Grimmia maido resembles G. laevigata in leaf shape, the oblate, thickwalled cells in the leaf base near the margin, the strongly broadened costa near the insertion,
becoming more or less indistinct from above broadest part of leaf to the apex, and the
strongly denticulate hair-point. However, the closely sheathing leaf base, as seen in G. laevigata,
is lacking. The indistinct costa and the costal architecture, especially in the laminal part,
resembles that of G. khasiana. GREVEN (1996 : 428) considers this taxon to be closely related
to G. laevigata.
The holotype specimen could not be found in L. A specimen deposited in MO that
was collected by “Greven & Khoeblal 4000” and named “G. maido H. C. Greven sp. nov.”,
was indicated as being an isotype in GREVEN (2003 : 142). However, in the publication
of GREVEN (1996 : 428) the specimen “Greven & Khoeblal 4000.1” was designated as the
type. In MO a specimen “Greven 4000/1” is present and has been annotated as an isotype.
A further specimen Crosby & Crosby 8430, kept in MO, has “Grimmia maido Greven dup.
det. Greven” and “paratype” written on it by Crosby. This specimen was designated as a
paratype in GREVEN (1996: 428). The MO specimen Crosby & Crosby 8430 has been divided
into two parts by Muñoz : three cushions were identified as G. longirostris and one cushion,
placed in a sub-packet under Crosby 8430a, was identified as G. laevigata, but all four cushions are in fact G. maido. The illustration of this latter species by GREVEN (1996 : 429)
appears to be of G. longirostris (6 guide cells at the insertion) although the description defines
G. maido (4 guide cells at the insertion).
Distribution.– Known only from one locality in La Réunion. The collectors named the
collection locality ‘Grand Bernard’. Following “Petit Larousse”, 26. Ed. 1966, it should
be “Grand Benard” instead of “Grand Bernard”. In the Autumn of 2006, Hedderson and
Ah-Peng collected several specimens in the same place. One of them had produced antheridia
and archegonia (Hedderson 16333). Developing sporophytes, however, were not seen.
Habitat and substrate.– Between shrubs, on volcanic rock.
Specimens examined (5), selected for description : FRANCE. La Réunion : Arrt. sous le
Vent : along beginning of trail, at end of road CF-8, to Grand Bernard [sic]. 22 km SSW of
St. Denis. 21°03’S 55°24’E. Elevation 2150 m, 22.XI.1972, Crosby & Crosby 8430 (Paratype
MO) (Fig. 29.12 from Crosby & Crosby 8430) ; Pointe de vue Le Maïdo, ≈ 2200 m, rochers
volcaniques au bord du plateau, 26.XI.2002, Lübenau s.n. (G, Lübenau) ; Autumn 2006,
Hedderson 16333 (BOL).

Figure 29. cont.– Grimmia maido Greven : 5, outlines of transverse leaf sections ; 9, leaf ; 10, cells in leaf base ;
11-12, transverse sections of leaf.
[1, Hedderson 16333 (BOL) ; 2-8, Lübenau s.n. (G, Lübenau). Analysis of the type specimens : Grimmia maido Greven :
9-11, Greven & Khoeblal 4000/1 (MO - isotype); 12, Crosby & Crosby 8430 (MO - paratype)]
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30. Grimmia mammosa C. H. Gao & T. Cao in Acta Bot. Yunnan. 3 : 394. 1981
(Figs. 30.1-15).
Type : CHINA : Tibet. Yadong County : [ Chumbi Valley]. Chun-Pei-River,
on rock. alt. 2900 m, 29.V.1975, Zang Mu 71 (Holo-: IFSBH, not seen ; iso-: NY)
(Figs. 30.16-18, from Zang Mu 71, NY).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 30.1) 2.5-3 mm,
slightly sheathing to mid-leaf, shape similar to stem leaves, hair-point elongate, smoothly
denticulate ; male : perigonia not seen. Growth form : cushions compact, young shoots originating from rotten plant parts, with muticous leaflets, firmly appressed to stem of the shoot,
stems to 15 mm long, plants erect (Fig. 30.2), stiff, branched, central strand (Fig. 30.3) more
or less developed. Leaves in lower part of stem short, muticous, becoming gradually longer
(Fig. 30.4), at tip of stem 1.5-1.7 mm, imbricate, appressed to stem when dry, older leaves
slightly spreading, younger leaves scarcely moving when moistened, erectopatent when wet,
broad-lanceolate or lanceolate, from short, slightly sheathing, rounded, decurrent leaf
base, tapering to obtuse apex, hair-point short or elongate, bluntly denticulate ; leaf form
in situ (Fig. 30.5) concave throughout, margins plane ; except some rows of rectangular
smooth-walled paracostal cells, basal cells (Fig. 30.6) rounded-quadrate or transversely oval
or rectangular with thickened walls or corner thickenings, at margin quadrate, lamina cells
rounded, seen in transverse section (Fig. 30.7), mammillose, leaf base at insertion unistratose
or bistratose in places, laminal part bistratose, in apical part some marginal rows unistratose.
Costa, seen on dorsal side (Fig. 30.4), at insertion broad, on both sides enlarged by bistratose
paracostal cells, from widest part of leaf to apex indistinct, completely covered with mammillose lamina cells, seen in transverse section (Fig. 30.7), on dorsal side at insertion and in leaf
base flat, weakly convex, in upper part dorsally and ventrally indistinct, at insertion 1114 ventral cells, most of them guide cells, a small band of substereids, interrupted by
small groups of hydroids, in laminal part median cells with rounded lumina which may be
considered as guide cells, a row of substereids, vanishing below apex.
Sporophyte. Seta (Fig. 30.2) to 4.5 mm, straight when dry, inclined when wet, epidermal cells (Fig. 30.8) arranged in lower half parallel to axis, in upper half turning to the right,
vaginula 1 mm long, cylindrical, with small ochrea. Capsule emergent, erect, cylindrical,
smooth, exothecial cells (Fig. 30.9) elongate, walls curvilinear, thin, seen in transverse section
of capsule, exterior walls smooth, stomata numerous (Fig. 30.10) at short neck, annulus of
3 or 4 rows of cells, detaching hardly in groups. Calyptra cucullate (Figs. 30.2, 30.11),

Figure 30.– Grimmia mammosa C. H. Gao & T. Cao: 1, perichaetial leaf; 2, plant with sporophyte; 3, transverse section
of stem; 4, leaf; 5, outlines of transverse leaf sections; 6, cells in leaf base; 7, transverse section of leaf; 8, epidermal cells of seta;
9, exothecial cells ; 10, stoma ; 11, calyptra ; 12, operculum ; 13, cells of operculum at base ; 14, peristome tooth, outer side ;
15, peristome tooth, longitudinal section ; 16, leaf; 17, cells in leaf base; 18, transverse section of leaf.
[1-2, 8-15, Long 16698 (E, G); 3-4, 6, Long 8787 (E, G); 5, 7, Long 18928 (E, G). Analysis of the type specimen: Grimmia mammosa C. H. Gao & T. Cao: 16-18, Zang Mu 71 (NY)]
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covering operculum and rim of capsule. Operculum (Fig. 30.12) conical, subulate,
beak oblique, base serrulate (Fig. 30.13), formed by 2 or 3 rows of small, irregular, mostly
rhombic cells, in conical part cells elongate-rectangular or elongate-hexagonal, walls thin.
Peristome (Fig. 30.14) teeth broad at base, lanceolate, entire or perforate or at upper half
split into 2 irregular divisions, separated down to insertion, trabeculae small, dorsal side in
lower third finely papillose or smooth, consequent plates sparsely papillose, the upper half of
dorsal side and ventral side densely covered with rough papillae, seen in longitudinal section
(Fig. 30.15), teeth inserted below orifice, 1 layer of cells between exothecium and teeth present,
their outer plates thicker than inner plates, trabeculae close together, sharply protruding.
Spores 10-11 μm, smooth.
Diagnostic characters.– Gametophyte. Leaves : cells strongly mammillose, best seen in
transverse section. Costa enlarged at insertion, completely indistinct in laminal part on dorsal
and ventral sides. Sporophyte. Peristome teeth separated to the insertion. See comments.
Comparison of the specimens examined with the type specimen of G. mammosa
shows correspondence in leaf shape (Fig. 30.16), cells in leaf base (Fig. 30.17), and costal
architecture (Fig. 30.18).
Comments.– The sporophyte description is based on a single specimen with two fruiting
plants. Therefore, the variability of the sporophyte characters remains unknown. Except the
denticulate hair-point and numerous ventral cells in leaf base, other gametophytic characters
of Grimmia species are missing, e.g. nodulose or sinuose cell walls, and clearly expressed
ventral guide cells. However, the architecture of the peristome teeth (Figs. 30.14-15) proves
the membership of this species to the Grimmiinae (VITT, 1984 : 742), and within this group
to the genus Grimmia.
Distribution.– Asia: China, Bhutan, India (Khasia), Nepal.
Habitat and substrate.– On boulders in open to slightly shady places, in woodland, on
dry rocks; on siliceous rock, from 1700 to 4000 m.
Specimens examined (15), selected for description : BHUTAN : Pajoding, above Thimphu. Open grazed hillside with scattered shrubs. On boulder, 3500 m, 19.VII.1979, Long
8787 (E, G). CHINA. Yunnan : Yulong Shan: below Ma Huang Ba, above Shu Song village.
Open grazed hillside ; on large siliceous boulder, 2790 m, 8.X.1990, Long 18928 (E, G).
NEPAL : Ghunsa Khola between Pheri and Ghunsa 27°39’N, 87°56’E ; open Juniperus/
Rhododendron woodland; on boulder, c. 3330 m, 7.IX.1989, Long 16698 (E, G).
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31. Grimmia meridionalis (Müll. Hal.) E. Maier in Candollea 56 : 291. 2002 (Figs. 31.115, 22).
 Grimmia trichophylla var. meridionalis Müll. Hal., Syn. Musc. Frond. 1 : 785. 1849.
 Grimmia trichophylla subsp. meridionalis (Müll. Hal.) Loeske in Biblioth. Bot.
101: 171. 1930.
Type : [SPAIN]: in coll. siccis prope Granatam, s.d., Schimper s.n. (Lecto-: H-SOL)
(lectotypified by MUÑOZ, 1999a : 176) (Figs. 31.16-18, from Schimper s.n., H-SOL,
reproduced from MAIER, 2002a: 297).
 Grimmia sardoa var. gracilis Warnst. & M. Fleisch. in Bot. Centralbl. 65: 299. 1896.
Type : [ITALY]: Grimmia sardoa De Not. var. gracilis Warnst. & Flschr. Romano :
Monti Albani, Mt. Cavo an Lavafelsen, 900 m, 7.VI.1895, Fleischer s.n. (Lecto-: FH;
isolecto-: GOET, M, PC, Z) (lectotypified by MUÑOZ, 1999a: 176) (synonymized by
MAIER, 2002a: 291) (Figs. 6.4-6 in MAIER, 2002a: 297).
 Grimmia trichophylla var. teneriffae Renauld & Cardot in Bull. Herb. Boissier ser. 2,
2: 436. 1902.
Type : [SPAIN]. Tenerife : Las Cañadas, 19.VII.1896, Tullgren s.n. (Lecto-: PC)
(lectotypified and synonymized with G. trichophylla Grev. by M UÑOZ , 1999a :
176) syn. nov. (Figs. 31.19-21, from Tullgren s.n., PC).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 31.1) 1.5-2.0 mm
long, sheathing to two-thirds of leaf length, from broad ovate leaf base restricted to short,
linear apical part, hyaline to mid-leaf, costa weak in hyaline part, stronger in apical part,
excurrent into elongate, bluntly denticulate, slightly decurrent hair-point ; male : plants in
separate cushions or mixed within cushions of female plants, perigonia as small buds at tip of
stem on short stalks in leaf axils, innermost perigonial leaf (Fig. 31.2) 0.9 mm long, slightly
sheathing, concave, broadly ovate, tapering to acute apex, hyaline to broadest part of leaf,
costa stout, ending below apex, antheridia with few paraphyses. Growth form : cushions
dense, adhering to substrate with rhizoids, interwoven with young shoots, leaflets lanceolate,
loosely arranged on stem, apical part spreading, stems to 30 mm long, plants erect
(Fig. 31.3), slightly branched, leaves markedly arranged in tiers, central strand small, welldefined in thick-walled cortical tissue (Fig. 31.4). Leaves (Fig. 31.5) to 2 mm long, at base
of tiers short, becoming longer towards base of following tier, crowded, loosely arranged on
stem when dry, slowly bending backwards when moistened, patent to erectopatent when wet,
apices of comal leaves curved backwards, from ovate, slightly narrowed leaf base lanceolate,
tapering to acute apex, hair-point of different lengths, bluntly denticulate; propagule development occasionally on dorsal side of leaf base ; leaf form in situ (Fig. 31.6) widely concave at
insertion and in leaf base, widely keeled in lower part of lamina, keeled in upper part, margin
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on one side recurved from insertion to upper part of lamina, on opposite side from midleaf to upper part of lamina, in apical part both sides plane ; basal cells (Fig. 31.7), besides
some rows near margin, elongate-rectangular, thick-walled, nodulose, near margin 3-4 rows of
rectangular, smooth-walled, hyaline cells, gradually vanishing above broadest part of leaf, in
transitional part (Fig. 31.8) cells rectangular, walls strongly sinuose, some rows at margin isodiametric, lumina of lamina cells rounded, with joint thickenings ; seen in transverse section
(Fig. 31.9), leaf base and lamina unistratose, incomplete bistratosity occasionally appears in
apical part, in lamina 1 or 2 cell rows bistratose. Costa, seen on dorsal side (Fig. 31.5), of
uniform width, percurrent in hair-point, seen in transverse section (Fig. 31.9), on dorsal side
at insertion broadly rounded, flattened, rounded to apex, on ventral side from insertion to
lower part of lamina widely channelled, in upper part of lamina narrowly channelled, at insertion and in leaf base 4 guide cells, from transitional part to apex 2 narrowly elliptical guide
cells, obliquely arranged to leaf axis, a central group of small hydroids present, vanishing in
apical part, between dorsal cells and hydroids a band of substereids.
Sporophyte. Seta (Fig. 31.3) to 5 mm long, straight after dehiscence, arcuate when
wet, epidermal cells (Fig. 31.22) arranged parallel to axis, vaginula 0.7-1.0 mm long, cylindrical, with ochrea. Capsule before maturity hidden in cushions, subglobose to ellipsoid,
pendent, with short, marked neck, smooth, after dehiscence shrivelled, ribbed, somewhat
narrowed at orifice, exothecial cells (Fig. 31.10) elongate, mostly pentagonal, seen in transverse section of capsule, exterior walls smooth, stomata numerous at neck, annulus of 34 rows of cells, revoluble, detaching as ring-like fragments. Calyptra (Fig. 31.11) mitrate,
lobed, covering one-fourth of capsule, fugacious. Operculum (Fig. 31.12) conical, rostrate,
beak straight, base smooth (Fig. 31.13), formed by a row of oval cells, in conical part cells of
various shape, mostly angulate, thick-walled. Peristome (Fig. 31.14) teeth slightly spreading
when dry, lanceolate, entire or in upper half split into 2 divisions, separated down to lowest
plates, trabeculae thin throughout, dorsally above orifice 3 rows of transversely rectangular
smooth-walled, hyaline cells (Fig. 31.14), covering the base of teeth, dorsal side smooth
at base, the consequent 2 or 3 plates papillose, the upper dorsal plates covered with coars
prickles, ventral side densely covered with coarse papillae, seen in longitudinal section
(Fig. 31.15), teeth inserted at orifice or just below, between exothecium and teeth 2-3 layers
of cells present, dorsal plates thicker than ventral plates, trabeculae at base close together,
protruding, above distant, weakly expressed, the 3 rows of hyaline cells covering the base of
teeth appear as a paradental triseriate tissue extending above the orifice (Fig. 31.15). Spores
14-18 μm, granulose.

Figure 31.– Grimmia meridionalis (Müll. Hal.) E. Maier : 1, perichaetial leaf ; 2, perigonial leaf ; 3, plant with sporophyte ; 4, transverse section of stem ; 5, leaf ; 6, outlines of transverse leaf sections ; 7, cells in leaf base ; 8, cells in transitional
part; 9, transverse section of leaf; 10, exothecial cells; 11, calyptra; 12, operculum; 13, cells of operculum at base; 14, peristome
teeth, outer side; 15, peristome tooth, longitudinal section.
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Diagnostic characters.– Gametophyte. Leaves with elongate-rectangular basal cells, walls
thick, nodulose, some rows of cells near margin are hyaline, in transitional part cells are elongate-rectangular with strongly sinuose walls. Costa from transitional part to apex 2 narrowly
elliptical guide cells present, obliquely arranged to leaf axis. Sporophyte. Peristome with
coarse papillae on dorsal cell plates, at base of teeth a paradental triseriate tissue extends above
the orifice (Fig. 31.15).
Comparison of the specimens examined with the type specimen of G. meridionalis
shows correspondence in leaf shape (Fig. 31.16), cells in leaf base (Fig. 31.17), and costal
architecture (Fig. 31.18).
Argumentation for synonymy.– The type specimen of G. trichophylla var. teneriffae
shows correspondence in leaf shape (Fig. 31.19), cells in leaf base (Fig. 31.20), and costal
architecture (Fig. 31.21) with the type specimen of G. meridionalis.
Distribution.– Asia : Lebanon, Turkey. Europe : Cyprus, France including Corsica,
Germany, Greece including Crete, Ikaria and Rhodes, Italy including Elba, Lipari and Sicily,
Spain including the Canary Islands (Tenerife).
Habitat and substrate.– Gorges, arid grassland, in sunny and shady places ; on granitic
and volcanic rocks, rarely on sandstone, from 300 to 900 m.
Specimens examined (50), selected for description: CYPRUS: Mitsero road, grassland, under
shrubs, 500 m, 26.IV.1991, Hedderson 9666 (BOL, G). GREECE. Ikaria : Strassenböschung
zwischen Armenistisch und Rahon-Christos, ~ 220 m, Grundgebirge, 3.VII.1996, Düll 17
(G, STU). ITALY. Lipari: Monte Ospedale; Lava, ca. 380 m, 11.IV.1968, Lübenau 9 (G, Lübenau). LEBANON: Jezzin, sandstone boulders in Pinetum, 14.III.1943, Davis 5434 (E).

Figure 31. cont.– Grimmia meridionalis (Müll. Hal.) E. Maier : 16, leaf ; 17, cells in leaf base ; 18, transverse
section of leaf; 19, leaf; 20, cells in leaf base; 21, transverse section of leaf; 22, epidermal cells of seta.
[1, 10-15, Davis 5434 (E) ; 2, Hedderson 9666 (BOL, G) ; 3, 22, Lübenau 9 (G) ; 4-9, Düll 17 (Düll). Analysis of the
type specimens : Grimmia meridionalis (Müll. Hal.) E. Maier: 16-18, Schimper s.n. (H-SOL); Grimmia trichophylla var. teneriffae
Renauld & Cardot: 19-21, Tullgren s.n. (PC)]
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32. Grimmia montana Bruch & Schimp., Bryol. Eur. 25-28, Grimmia : 26. 1845 (Figs.
32.1-25).
Type : [GERMANY]: Felsen auf dem Donnersberg, IV.1843, Gümbel s.n. (Lecto-:
BM) (lectotypified by CAO & VITT, 1986 : 161) (Figs. 32.26-28, from Gümbel s.n.,
BM, reproduced from GEISSLER & MAIER, 1995: 509).
 Grimmia schiedeana Müll. Hal. in Bot. Zeitung (Berlin) 13: 765. 1855.
Type : MEXICO : sine loco spec., s.d., Deppe & Schiede s.n. (Lecto-: BM, not seen ;
isolecto-: PC) (lectotypified and synonymized by MUÑOZ, 1999a : 152) (Fig. 32.29,
from Deppe & Schiede s.n., PC).
 Grimmia ungeri Jur. in Unger & Kotschy, Ins. Cypern: 169. 1865.
Type: CYPRUS: in Olympo Cypri, 1862, Unger s.n. (Lecto-: BM, not seen; isolecto-:
GOET, W) (lectotypified by MUÑOZ, 1998b : 398) syn. nov. (Figs. 32.30-32, from
Unger s.n., GOET).
 Grimmia brachyodon Austin in Bull. Torrey Bot. Club 6 : 45. 1875.  Grimmia
montana var. brachyodon (Austin) Lesq. & James, Man.: 145. 1884.
Type : [U.S.A.]. California: in rupibus schistos montis Diablo Californiae (Bolander); etiam in alpibus Sierra Nevada montium (Brewer), s.d., Sullivant & Lesquereux.
215 (Lecto-: FH, not seen ; isolecto-: G) (lectotypified and synonymized with
G. ungeri Jur. by M UÑOZ , 1998b : 398) syn. nov. (Fig. 32.33, from Sullivant &
Lesquereux 215, G).
 Grimmia argyrotricha Müll. Hal. in Flora 73: 485. 1890.
Type : [TANZANIA]: Kilimandscharo, unter Schnee in Felsspalten nach W. vorspringendem Grat der Mawenzi-Spitze, 4600 m, 31.X.1893, Volkens 1347 (Neo-: H-BR,
selected here) syn. nov. (Figs. 32.34-36, from Volkens 1347, H-BR 1824014).
 Guembelia tenella Müll. Hal. in Bot. Centralbl. 44 : 388. 1890.  Grimmia tenella
(Müll. Hal.) Kindb. in Macoun, Cat. Canad. Pl., Musci: 66. 1892.
Type : [U.S.A.]. Idaho : Cœur d’Alène, 6.VIII.1888, Röll 1153 (Lecto-: G) (lectotypified and synonymized by MUÑOZ, 1998b : 390) (Fig. 32.37, from Röll 1153, G).
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Figure 32.– Grimmia montana Bruch & Schimp.: 1, perichaetial leaf ; 2, perigonial leaf ; 4, transverse section of stem ;
5-6, leaves ; 8-9, outlines of transverse section of leaves ; 10, cells in leaf base ; 13, cells in transitional part ; 15-18, transverse
sections of leaf; 20, epidermal cells of seta; 22, operculum; 23, cells of operculum at base; 24, peristome teeth, outer side.
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 Grimmia arctophila Kindb. in Rev. Bryol. 23: 18. 1896.
Type : DENMARK. Greenland : Groenlandia boreal: Claushavn, 1870, Berggren s.n.
(Lecto-: S) (lectotypified and synonymized by MUÑOZ, 1999a : 152) (Fig. 32.38,
from Berggren s.n., S).
 Grimmia montana var. idahensis Renauld & Cardot in Bot. Gaz. 30: 18. 1900.
Type : [U.S.A.]. Idaho : lac Pend d’Oreille, 1892, Leiberg 289 (Lecto-: PC, not
seen ; isolecto-: G) (lectotypified and synonymized with G. ungeri Jur. by MUÑOZ,
1998b : 398) syn. nov. (Figs. 32.39-41, from Leiberg 289, G).
 Grimmia pilosissima Herzog in Rev. Bryol. 38: 12. 1911.
Type : [ITALY]. Sardinia : An Felsen der Ostseite der Pta. la Marmora (Mte. Gennargentu), ca. 1750 m, 2.VI.[19]06, Herzog s.n. (Holo-: JE) (synonymized by MUÑOZ &
PANDO, 2000: 54) (Figs. 32.42-44, from Herzog s.n., JE).
 Grimmia montana var. abnoba H. Schmidt in Mitt. Bad. Landesvereins Naturk.
Naturschutz Freiburg 2: 121. 1927.
Type : [GERMANY]: Südlicher Schwarzwald : auf sonnigen Felsen nahe dem Gipfel
des Schauinsland, um 1200 m s.m. und etwa 400 m tiefer bei Hofsgrund, XI.1925,
Schmidt 1918 (Lecto-: JE, not seen ; isolecto-: G) (lectotypified and synonymized by
MUÑOZ, 1998b: 390) (Fig. 32.45, from Schmidt 1918, G).
 Grimmia macroperichaetialis Greven in Bryologist 101: 100. 1998.
Type : AUSTRALIA. Victoria : Mt. Buller, summit, alt. 1790 m, flat granitic rock,
14.III.1997, Greven Aus.35 (Holo-: CAN, not seen; iso-: BM) syn. nov. (Figs. 32.4648, from Greven Aus.35, BM).
 Grimmia nevadensis [nevadense] Greven in Bryologist 105: 273. 2002.
Type : U.S.A. California : Sequoia Nat. Forest Troy Meadows Sierra Nevada 6300 ft.
on granite rock, 5.XI.1999, Greven C50 (Holo-: NY) syn. nov. (Fig. 32.49, from
Greven C50, NY).
 Grimmia maunakeaensis [maunakeaense] Greven, Grimmias of the World: 150. 2003.
Type : [U.S.A.]. Hawaii-Archipel : Hawaii. Big Island, Mauna Kea, under volcanic
rock, alt. 4000-4100 m, 28.V.2001, Greven & Kortselius H50 (Holo-: NY, not seen ;
iso-: BISH) syn. nov. (Fig. 32.50, from Greven & Kortselius H50, BISH).

0.1 mm
11-12, 14, 21, 25,
27-28, 35, 41

1 mm
26, 30, 34

Figure 32. cont.– Grimmia montana Bruch & Schimp.: 3, plant with sporophyte; 11-12, cells in leaf base; 14, cells at margin above shoulder; 21, exothecial cells; 25, peristome tooth, longitudinal section; 26, leaf; 27, cells in leaf base; 28, transverse
sections of leaf; 30, leaf; 34, leaf; 35, cells in leaf base; 41, transverse section of leaf.
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Gametophyte. Dioicous, occasionally monoicous. Female : innermost perichaetial leaf
(Fig. 32.1) 2.7-3.5 mm long, sheathing to broadest part, in lower third of leaf cells transparent, some rows of hyaline marginal cells vanishing at broadest part, costa small in leaf base,
stout in upper part, excurrent into elongate, denticulate hair-point ; male : plants in separate
cushions, perigonia as multifoliose buds terminal or in leaf-axils, often several on the same
plant, in monoicous plants perigonia as buds on stem below gynoecium, innermost perigonial
leaf (Fig. 32.2) 1 mm long, strongly sheathing, concave, apex acute or blunt, costa percurrent, antheridia with numerous paraphyses. Growth form : cushions compact, young shoots
originating from rhizoids or older stems, leaflets sheathing at base, margins inflexed, apices
slightly patent, stems to 20 mm long, plants erect (Fig. 32.3), radiculose at base, central
strand (Fig. 32.4) developed. Leaves (Figs. 32.5-7) 1.8-2.5 mm long, on stem base small,
muticous, suddenly becoming longer, lower part of leaf appressed to stem, apical part of
longer leaves slightly twisted when dry, bending backwards when moistened, erectopatent
when wet, from ovate leaf base abruptly lanceolate, thus forming shoulder, tapering to acuminate apex, hair-point of variable length, bluntly denticulate ; leaf form in situ (Figs. 32.8-9)
concave from leaf base to upper part of leaf, upper third keeled, margins from leaf base
to apex becoming gradually more strongly incurved ; basal cells (Figs. 32.10-12) near costa
rectangular, towards margin short-rectangular or quadrate, walls smooth, transverse walls
markedly thicker than longitudinal walls, at margin some rows of hyaline cells, in transitional
part (Fig. 32.13) cells mostly isodiametric, lumina rounded, above shoulder (Fig. 32.14)
at margin a longitudinal row of transversely oval cells, lamina cells small, more or less
isodiametric, lumina rounded, seen in transverse sections (Figs. 32.15-19), leaf base unistratose, in transitional part lamina bistratose in places, in upper part bistratose, occasionally
unistratose near costa, margin unistratose in leaf base, in laminal part bistratose, below apex
occasionally tristratose to quadristratose, laminal cells short-rectangular, exterior cells walls
smooth. Costa, seen on dorsal side (Figs. 32.5-6), small in leaf base, enlarged and prominent
in laminal part, excurrent ; seen in transverse sections (Figs. 32.15-19), on dorsal side in
leaf base rounded, in lower laminal part prominent, slightly angulate, in upper laminal
part rounded, on ventral side at insertion widely channelled, in laminal part channelled
or narrowly channelled, at insertion and in leaf base 4 guide cells, in laminal part reduced
to 2 guide cells, from insertion to mid-leaf a central group of hydroids, transformed to
substereids in upper part, vanishing in apical part.

0.1 mm
29, 33, 36, 38,
44- 45, 47- 48

1 mm
7

Figure 32. cont.– Grimmia montana Bruch & Schimp.: 7, leaves ; 29, transverse section of leaf ; 33, transverse section
of leaf ; 36, transverse section of leaf ; 38, transverse section of leaf ; 44-45, transverse sections of leaf ; 47, cells in leaf base ;
48, transverse section of leaf.
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Sporophyte. Seta (Fig. 32.3) to 3.5 mm long, straight, epidermal cells (Fig. 32.20)
turning to the right, vaginula 0.8 mm long, cylindrical. Capsule emergent, erect, obloid,
smooth, exothecial cells (Fig. 32.21) mostly elongate, some pentagonal, walls thin, curvilinear, seen in transverse section of capsule, exterior walls smooth, neck lacking, stomata lacking,
at orifice several rows of transversely rectangular cells, the upper 2 rows suggesting an
annulus. Calyptra cucullate (Fig. 32.3), covering part of capsule. Operculum conical
(Fig. 32.22), rostrate or rostellate, beak straight or oblique, blunt, base uneven (Fig. 32.23),
formed by several rows of small, rounded cells, in conical part cells oval or rounded, larger.
Peristome (Fig. 32.24) teeth erect when dry, lanceolate, irregularly perforate or split into
2 unequal divisions, separated down to insertion, trabeculae thin, lower dorsal part smooth,
subsequent plates sparsely covered with fine papillae, upper dorsal side and ventral side
densely covered with fine papillae, seen in longitudinal section (Fig. 32.25), teeth deeply
inserted below orifice, 2 layers of small rectangular cells between exothecium and teeth
present, outer plates thicker than inner plates, trabeculae in lower part close together, in upper
part distant, slightly protruding. Spores 10-12 μm, smooth.
Diagnostic characters.– Gametophyte. Leaves with short-rectangular to quadrate cells at
margin of leaf base, transverse walls strongly thickened, above shoulder at margin a row of
transversely oval cells ; seen in transverse section, margins from leaf base to apex becoming
gradually more strongly incurved, lamina cells short-rectangular, exterior cell walls smooth.
Sporophyte. Peristome deeply inserted, teeth finely papillose.
Comparison of the specimens examined with the type specimen of G. montana
shows correspondence in leaf shape (Fig. 32.26), cells in leaf base (Fig. 32.27), and costal
architecture (Fig. 32.28).
Argumentation for synonymy.– The type specimens of G. ungeri, G. argyrotricha, G. montana var. idahensis, and G. macroperichaetialis show correspondence in leaf shape (Figs. 32.30,
32.34, 32.39, 32.46), cells in leaf base (Figs. 32.31, 32.35, 32.40, 32.47), and costal architecture (Figs. 32.32, 32.36, 32.41, 32.48) with the type specimen of G. montana. The type
specimens of G. schiedeana, G. montana var. brachyodon, G. tenella, G. arctophila, G. montana
var. abnoba, G. nevadensis and G. maunakeaensis show correpondence in costal architecture
(Figs. 32.29, 32.33, 32.37, 32.38, 32.45, 32.49, 32.50) with the type specimen of G. montana. The type specimen of G. pilosissima shows correspondence in leaf shape (Figs. 32.4243) and costal architecture (Fig. 32.44) with the type specimen of G. montana.
Comments.– Strongly thickened transverse walls of the marginal cells in leaf base
(‘Leiterzellreihen’, LOESKE (1930: 111) and a row of transversely oval cells on margin above
shoulder (Fig. 32.14) distinguish G. montana from G. alpestris and G. sessitana. Seen in
transverse section, short-rectangular lamina cells with their smooth exterior walls differ from
the isodiametric, quadrate cells with slightly bulging exterior walls of G. alpestris.

Figure 32. cont.– Grimmia montana Bruch & Schimp.: 19, transverse section of leaf; 31, cells in leaf base; 32, transverse
section of leaf; 39, leaf; 40, cells in leaf base; 42-43, leaves; 46, leaf; 49, transverse section of leaf.
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Grimmia ungeri was described by Juratzka in UNGER & KOTSCHY (1865: 169), as differing from G. montana by its monoicous sexuality, ferruginous capsules and the subobtuse
operculum, and from G. donniana by the lack of an annulus and the presence of cucullate
calyptra. The characters given as differentiating G. ungeri from G. alpestris are the exannulate
capsule and the monoicous sexuality, however, these characters are given for G. alpestris as
well. LOESKE (1930: 124) states that only some poorly developed specimens of G. ungeri are
known. He concluded that G. ungeri is a name without a sufficiently defined content. The
result of an identification of those forms in the vegetative state would be G. montana. In the
general form, LOESKE (1935 : 145) wrote that separating taxa based on the sexual condition
only is unreliable. ANDERSON (1963 : 110) considered the differences in sexual conditions of
taxa otherwise corresponding in the main diagnostic characters as very minor. He refered
to the work of IWATSUKI (1958 : 343) who stated that “the difference in inflorescence is not
always a reliable character to separate species of mosses. I think subspecific rank is more suitable for vicariade species”.
GREVEN (2003 : 58) studied G. argyrotricha, a species known from Central Africa.
Following the protologue published by MÜLLER (1890: 485), this species is distributed in the
Kilima-Ndscharo Massif, where the type specimen had been collected by Dr. Hans Meyer
in 1880. GREVEN (2003 : 58) indicated B as the herbarium holding the type specimen of
G. argyrotricha. However, the type specimen is not present in B (the curator in litt.). MUÑOZ
& PANDO (2000: 99) included G. argyrotricha in the list of ‘Names with type material not
seen’. A search for specimens collected by Meyer in different herbaria that hold his collections
was unsuccessful. The herbaria contacted were BR, indicated by GREVEN (2003 : 58), STU
and H, as indicated by LANJOUW & STAFLEU (1954: 533).
Specimens labelled as G. argyrotricha were available, however, in BR and H-BR although
none of them had been collected by Meyer. Two specimens from H-BR, confirmed by Greven
as being G. argyrotricha, turned out to be G. montana. Seven specimens from BR, all labelled
as G. argyrotricha, confirmed and cited by GREVEN (2003: 58) as such, are G. montana. These
all indicate that G. argyrotricha (sensu MÜLLER 1890) is not an independent taxon but may
be regarded as G. montana. This decision is further supported by the protologue for G. argyrotricha (MÜLLER, 1890: 485), that characterizes the leaves as having upright, completely

Figure 32. cont.– Grimmia montana Bruch & Schimp.: 37, transverse section of leaf; 50, transverse section of leaf.
[1-2, 7, 9-10, 14-15, 20-25, Koppe 1 (STU); 3, Maier 8188 (G); 4, 6, 8, 12-13, Pierrot 59460 (CLF, G); 5, 11, 16, Sainsbury 771 (BM, CHR) ; 17, Lübenau Z159 (Lübenau) ; 18, Greven H60 (BISH) ; 19, Maier 9935 (G). Analysis of the type
specimens: Grimmia montana Bruch & Schimp.: 26-28, Gümbel s.n. (BM); Grimmea schiedeana Müll. Hal.: 29, Deppe & Schiede
s.n. (PC); Grimmia ungeri Jur.: 30-32, Unger s.n. (GOET); Grimmia montana var. brachyodon (Austin) Lesq. & James: 33, Sullivant
& Lesquereux 215 (G) ; Grimmia argyrotricha Müll. Hal.: 34-36, Volkens 1347 (H-BR 1824014) ; Grimmia tenella (Müll. Hal.)
Kindb.: 37, Röll 1153 (G); Grimmia arctophila Kindb.: 38, Berggren s.n. (S); Grimmia montana var. idahensis Renauld & Cardot:
39-41, Leiberg 289 (G) ; Grimmia pilosissima Herzog : 42-44, Herzog s.n. (JE) ; Grimmia montana var. abnoba H. Schmidt :
45, Schmidt 1918 (G); Grimmia macroperichaetialis Greven: 46-48, Greven Aus.35 (BM); Grimmia nevadensis Greven: 49, Greven
C50 (NY); Grimmia maunakeaensis Greven: 50, Greven & Kortselius H50 (BISH)]
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entire margins [margine erecta integerrima], one of the primary diagnostic characters
of G. montana. Therefore, one of the specimens G. argyrotricha, collected by Volkens on
Kilimandscharo under number 1347, housed in H-BR under number 1824014, has been
chosen here as a neotype (Figs. 32.34-36).
Grimmia nevadense, in GREVEN (2003 : 168), is considered to be gymnostomous. The
holotype specimen Greven C50, kept in NY, however, shows 2-3 plates of weakly developed
nearly hyaline peristome teeth extending above capsule mouth. Stomata are lacking, as in
G. montana.
The specimen Sainsbury 771, housed in BM and CHR, is cited as syntype of G. asperitricha
by GREVEN (2003: 62) and by MUÑOZ & PANDO (2000: 74) who include G. asperitricha under
G. reflexidens, which is a synonym of Coscinodon reflexidens. The specimen Sainsbury 771 turned
out to be G. montana.
Distribution.– Africa : Tanzania. Asia : Kashmir, Pakistan. Australia : Australia, New
Zealand. Europe : Cyprus, Denmark including Greenland, France, Germany, Italy including
Sardinia, Spain including the Canary Islands (Tenerife), Switzerland, U.K. (Scotland, Wales,).
North America : Canada (Newfoundland), U.S.A. (California, Idaho, Oregon, Wyoming),
Hawaii. Additional information concerning the distribution of G. montana is given in
VANDERPOORTEN & al., (2008: 658).
Habitat and substrate.– On boulders in open and shady places or in clearings, in heathland
and grassland, on rocks near waterfalls ; on basalt, gabbro, granite, serpentine, slate, volcanic
rock, from 350 to 4200 m.
Specimens examined (100), selected for description: CYPRUS. Limasol : Grimmia ungeri
Jur. Troodos-Gebirge, grosser Olymp, Gipfelfelsen, 1940 m, locus classicus, 26.IV.1972,
Koppe 1 (GOET, STU) ; Troodos, Block, 1100 m 13.IV.1993, Lübenau Z 159 (Lübenau).
FRANCE. Gard : Aigonal, rochers secs au dessus de la Cascade de l’Hérault, 1300 m, 20.VII.
1959, Pierrot 59460 (CLF, G). NEW ZEALAND. Canterbury Land District : Malte
Brun, Southern Alps, S. Island, ca. 5500 ft. On rock, 22.I.1934, Sainsbury 771 (CHR).
U.S.A. Hawaii: Grimmia mauiense Greven. Hawaiian Islands, Maui, Haleakala National Park,
White Hill, summit Haleakala under volvanic rock, alt. 3000 m, 20.V.2001, Greven H60
(BISH). SWITZERLAND. Valais : Finhaut, 1320 m, exposed siliceous bolders, 15.VI.1993,
Maier 8188 (G); Naters, 2140 m, siliceous boulder, shady, 6.VII.1994, Maier 9935 (G).
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33. Grimmia muehlenbeckii Schimp., Syn. Musc. Eur.: 212. 1860 (Figs. 33.1-22, 32).
Type : [ITALY]: Italy. Trafoi, VII.1840, s.d., s.coll. s.n. (Holo-: BM) (Figs. 12.23-25,
from holotype, BM, reproduced from GEISSLER & MAIER, 1995: 509).
 Grimmia trichophylla var. septentrionalis Schimp., Coroll. Bryol. Eur.: 47. 1856.
Type : [SWEDEN]: Upsala, s.d., Schimper s.n. (Syn-: JE) (synonymized by MUÑOZ
& PANDO, 2000: 55) (Figs. 33.26-28, from Schimper s.n., JE).
 Grimmia hermannii H. A. Crum in Michigan Botanist 13: 171. 1974.
Type : [U.S.A.]: Upper Peninsula of Michigan, Keweenav County. On boulder in
woods below Falls, Manganese River gorge, Copper Harbor, 14.VII.1973, Hermann
25446 (Holo-: MICH) (synonymized by MUÑOZ, 2000c: 100) (Figs. 12.29-31, from
Hermann 25446, MICH).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 33.1) 1.8-2.5 mm
long, sheathing to mid-leaf, tubulose, smoothly narrowed to plane upper part, margin at
shoulder uneven by projecting cell ends, lower half of leaf and near shoulder hyaline, costa
weak in lower half of leaf, strong in upper part, excurrent into stout, bluntly denticulate hairpoint ; male : plants in separate cushions or between capsule bearing plants, perigonia in leaf
axils and terminal, few or numerous in multifoliose buds on short stalks, innermost perigonial
leaf (Fig. 33.2) 0.8 mm long, sheathing, concave, apex obtuse, hyaline to apical part, costa
stout, ending below apex, when paraphyses present then few in immature perigonia. Growth
form : cushions dense, scarcely disintegrating, adhering to substrate with rhizoids, young
shoots occasionally originating from there, leaflets appressed to stem, apices spreading, stem
to 20 mm long, plants ascending (Fig. 33.3), rigid, branched, rhizoids at base of stem, central
strand clearly defined (Fig. 33.4), occasionally lacking (Fig. 33.5), epidermis constituted of
2 rows of substereid cells, cortical cells thick-walled. Leaves (Fig. 33.6) to 2.2 mm long,
imbricate, densely set, erect, loosely arranged on stem when dry, bending quickly backwards
when moistened, patent to erectopatent when wet, from broad-ovate, at insertion slightly
decurrent and narrowed leaf base lanceolate, tapering to acute apex, asymmetric, the lower
third of narrow side of the leaf markedly rounded, the broad side nearly straight, hair-points
of variable length, strongly denticulate, occasionally decurrent with apical part denticulate ;
propagule development on dorsal and ventral sides of leaf base occasionally observed ; leaf
form in situ (Fig. 33.7), at insertion and in leaf base concave, in lower laminal part one side
slightly plicate, in lower part of lamina keeled, in upper part narrowly keeled, margin
recurved on the larger, rather straight side from insertion to above mid-leaf, on the rounded
or curved side plane to mid-leaf, there slightly recurved, in upper third of leaf margins plane;
basal paracostal cells (Figs. 33.8-9) rectangular to elongate-rectangular, walls nodulose,
towards margin short-rectangular to isodiametric, walls smooth, at margin some rows of hyaline cells, vanishing in transitional part, in transitional part (Figs. 33.10-11) and in lower
part of lamina cells short-rectangular, walls sinuose, toward margin becoming isodiametric,
lumina rounded, in upper part of lamina cells isodiametric, lumina rounded ; seen in transverse sections (Figs. 33.12-14), leaf base and lamina unistratose, apical part occasionally
bistratose, lamina with 1 marginal bistratose cell row, in apical part some marginal cell
rows bi- rarely tristratose. Costa, seen on dorsal side (Fig. 33.6), weak at insertion, becoming
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uniformly broad above leaf base, seen in transverse section, on dorsal side rounded to apex, or
in upper laminal part winged (Figs. 33.12-13) or angulate (Fig. 33.14), on ventral side in
leaf base widely channelled, in laminal part narrowly so, at insertion 4 guide cells, occasionally 5 or 6 guide cells, from above transitional part 4 guide cells, in upper leaf part to apex 2
guide cells, in leaf base and transitional part a band of substereids, the other costal cells of
uniform shape, hydroids lacking throughout.
Sporophyte. Seta (Fig. 33.3) to 3.8 mm long, straight when dry, arcuate or curved
when wet, epidermal cells (Fig. 33.32) in lower part arranged parallel to axis, in upper part
turning to the right, vaginula 0.8-1.0 mm long, cylindrical, with ochrea. Capsule exserted,
horizontal or pendent, ellipsoid, when mature with 8 ribs, annulus of 2 rows of cells,
the outer one detaching in fragments, exothecial cells (Fig. 33.15) of various shape, walls
thickened, seen in transverse section of capsule, exterior walls slightly bulging, stomata in
1 row at base of capsule. Calyptra conico-mitrate (Fig. 33.16), lobed at base, covering operculum and one-fifth of capsule. Operculum (Fig. 33.17) rostrate, beak straight, base uneven
(Fig. 33.18), formed by 2 rows of rounded cells, in conical part cells rounded, oval and
rectangular, lumina rounded, walls strongly thickened. Peristome (Figs. 33.19-20) teeth
straight to spreading when dry, lanceolate, mostly entire, separated down to insertion, trabeculae
broad in lower two-thirds, thin in apical part, dorsal lower plates smooth, subsequent plates
covered with thick papillae, upper part densely covered with thick papillae, ventral lower side
sparingly papillose, upper part densly so, seen in longitudinal sections (Figs. 33.21-22), teeth
inserted below orifice, between exothecium and teeth 2 layers of cells present, dorsal plates
thicker than ventral plates, trabeculae in lower half of tooth protruding, in upper half weakly
expressed, distant, prostome mostly present. Spores 12-18 μm, finely granulose.
Diagnostic characters.– Gametophyte. Leaves with margin recurved on the larger, rather
straight side from insertion to above mid-leaf, on the rounded or curved side plane to mid-leaf,
there slightly recurved, in the upper third of leaf margins plane ; basal paracostal cells rectangular, walls nodulose. Costa in upper laminal part winged or angulate ; costal cells in laminal
part nearly homogeneous, hydroids lacking throughout. Sporophyte. Peristome : teeth lanceolate, mostly entire, in upper part covered with thick papillae, prostome present. Spores 1218 μm, finely granulose.

0.1 mm
4, 8, 10-12, 15,
18-22

0.4 mm
7

1 mm
1-2, 6, 16-17

Figure 33.– Grimmia muehlenbeckii Schimp.: 1, perichaetial leaves; 2, perigonial leaf; 3, plant with sporophyte; 4, transverse section of stem ; 6, leaf ; 7, outlines of transverse leaf sections ; 8, cells in leaf base ; 10-11, cells in transitional part ;
12, transverse section of leaf ; 15, exothecial cells ; 16, calyptrae ; 17, operculum ; 18, cells of operculum at base ; 19-20, peristome teeth, outer side; 21-22, peristome teeth, longitudinal sections.

Grimmia muehlenbeckii

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

8
17
12

2

16
16

12

11
18
20
4

6

19

10

7

15

1

1 mm

22

3
1

Grimmia muehlenbeckii

21

237

238

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

Comparison of the specimens examined with the type specimen of G. muehlenbeckii
shows correspondence in leaf shape (Fig. 33.23), cells in leaf base (Fig. 33.24), and costal
architecture (Fig. 33.25).
Argumentation for synonymy.– The type specimens of G. trichophylla var. septentrionalis,
and G. hermannii show correspondence in leaf shape (Figs. 33.26, 33.29), cells in leaf base
(Figs. 33.27, 33.30), and costal architecture (Figs. 33.28, 33.31) with the type specimen of
G. muehlenbeckii.
Comments.– The wings on the dorsal side of the costa, the strong distinguishing character of
G. muehlenbeckii, may be scarcely developed, and often reduced to an angulate (Fig. 33.14)
or nearly rounded outline. The occasionally weak expression of the costa is linked to the lack of
a central strand. These alterations may appear in plants growing essentially on basaltic rocks.
Examples have been collected in Scotland as well as from Continental Europe, e. g. in Germany
(Bavaria, Fichtelgebirge, Rhön, and Saarland).
In the U.K., G. muehlenbeckii seems to be rare and restricted to Scotland and Northern
Ireland. A series of specimens, kept in BM under G. muehlenbeckii, turned out to be G. decipiens, G. dissimulata, G. lisae, and G. trichophylla. Likewise no G. muehlenbeckii could be
found in the more than four hundred specimens of G. trichophylla and other species considered to be related, that were received on loan from E for the present study. Grimmia muehlenbeckii is not cited in BLOCKEEL & LONG (1998). One collection, from Kynance Cove, is
noted in DIXON (1954 : 147) (not seen). A specimen of G. muehlenbeckii was found incidentally in Z under ‘G. robusta Ferg.’, collected by H. J. B. Birks, 19.VIII.1968, from the Isle of
Skye (An Sguman, South side of Cuillin Hills), on peridotite boulders and rocks. A duplicate
of this specimen is also housed in E.
Very recently R. D. Porley & N. D. Hodgetts collected numerous specimens of
G. muehlenbeckii on the Isle of Skye (PORLEY & MAIER, 2007 : 188). They differed from the
winged plants found in the European Alps by a dorsally rather angulate or nearly rounded
costa, seen in transverse section of the apical part. The easy recognizable diagnostic character
of winged costa, known from the alpine plants, is lacking from the Skye material. In some of
these collections the central strand is also not developed (PORLEY & MAIER, 2007: 189).

0.1 mm
13, 24-25, 27-28,
30-31

1 mm
23, 26, 29

Figure 33. cont.– Grimmia muehlenbeckii Schimp.: 13, transverse section of leaf ; 23, leaf ; 24, cells in leaf base ;
25, transverse section of leaf ; 26, leaf ; 27, cells in leaf base ; 28, transverse section of leaf ; 29, leaf ; 30, cells in leaf base ;
31, transverse section of leaf.
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Plants of G. muehlenbeckii lacking the characteristic wings on the dorsal side may be
confused with G. trichophylla. However, their costal architecture especially at the insertion
and in the leaf base (Figs. 50.10-11), is different. In G. hartmanii an angulate costa shape is
present on the dorsal side in the upper part of the leaf (Figs. 20.14-15) that may cause confusion, but the stem anatomy (Figs. 20.4-6) distinguishes G. hartmanii from G. muehlenbeckii.
Distribution.– Asia : Japan. Europe : Austria, Bulgaria, Estonia-Latvia (Livland), France,
Germany, Hungary, Italy, Norway, Serbia, Sweden, Switzerland, U.K. (Northern Ireland,
Scotland). North America: U.S.A. (Michigan), Canada (Ontario).
Habitat and substrate.– On siliceous boulders in clearings, deciduous forests, mountain
forests in subalpine and alpine regions, in shady and sunny places, on scree ; on andesite,
basalt, granite, peridotite, rhyolit, serpentine, vulcanite, from 30 to 2300 m.
Specimens examined (40), selected for description : GERMANY. Hessen : Hoher
Meissner, auf Basaltblöcken, halbschattig, 700 m, s.d., Heinrichs 3740 (GOET) ; Sachsen :
Östliche Oberlausitz. Löbauer Berg : Basaltblockhalde “Grosses Steinernes Meer”, 22.IV.
2006, Siegel s.n. (G, Siegel). NORWAY: Mittelnorwegen, in Valle Westfjorddal, 9.VIII.
1891, Jørgensen s.n. (WU). SWITZERLAND. Grisons : Lavin, God Laret, Lärchen-Kiefernwald, Blöcke, Silikatgestein, 1820 m, 4.VII.2001, Maier s.n. (G) ; Valais : Finhaut, Bergwald, flache Silikatsteinplatten, besonnt, 1320 m, 28.V.1997, Maier s.n. (G) ; Salvan, Le
Trétien, Bergwald, Felsblöcke, besonnt, Silikatgestein, 1200 m, 3.IV.2002, Maier s.n. (G) ;
Simplonpass, Lärchenwald, Blöcke, Silikatgestein, 1640 m, 27.VIII.1998, Maier 11649
(G). U.K. Northern Ireland : Londonderry, Benbracagh nr. Dungiven, on basalt boulders
in block litters below cliffs, 12.IX.1968, Birks 55/30ß (Birks).

Figure 33. cont.– Grimmia muehlenbeckii Schimp.: 5, transverse section of stem ; 9, cells in leaf base ; 14, transverse
section of leaf; 32, epidermal cells of seta.
[1, 15-19, Maier s.n. (Lavin) (G) ; 2, 7, 12, Maier 11649 (G) ; 3, 32, Maier s.n. (Salvan) (G) ; 4, 13, Siegel s.n. (G) ;
5, 9, 14, Birks 55/30ß (E) ; 6, 8, 10, Jørgensen s.n. (WU) ; 11, 20, 22, Heinrichs 3740 (GOET) ; 21, Maier s.n. (Finhaut) (G).
Analysis of the type specimens: Grimmia muehlenbeckii Schimp.: 23-25, s.coll. s.n. (BM); Grimmia trichophylla var. septentrionalis Schimp.: 26-28, Schimper s.n. (JE); Grimmia hermannii H. A. Crum: 29-31, Hermann 25446 (MICH)]
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34. Grimmia nepalensis Mitt. in J. Proc. Linn. Soc., Bot., Suppl. 1: 46. 1859 (Figs. 34.1-8).
Type : NEPAL : 14.500 ft., s.d., Hooker 248 [in part] (Holo-: NY) (Figs. 34.2-6, from
Hooker 248 [in part], NY).
 Grimmia inflectens Mitt. in J. Proc. Linn. Soc., Bot., Suppl. 1: 43. 1859.
Type : NEPAL : 14.500 ft., s.d., Hooker 248 [in part] (Holo-: NY; iso-: BM) (synonymized by CAO & CHURCHILL, 1995a : 508) (Figs. 34.1, 34.7-8, from Hooker
248 [in part], NY).
Gametophyte. Monoicous. Female : perichaetial leaves with broad base, convolute,
sheathing, apex hyaline ; male : perigonium as bud at base of perichaetium. Growth form :
cushions lax, stems to 20 mm long, plants erect, branched. Leaves (Fig. 34.1) 2.0-2.8 mm
long, loosely arranged on stem, crowded in upper part, somewhat contorted, incurved when
dry, from ovate leaf base elongate-lanceolate, tapering to acuminate apex with some hyaline
cells or with a short, nearly smooth hair-point ; leaf form in situ (Fig. 34.2) leaf base on one
side plicate, opposite side concave, in laminal part keeled, margin above leaf insertion
recurved on one side and revolute on the other, in upper lamina recurved on both sides; basal
cells (Figs. 34.3, 34.7) from costa to margin elongate-rectangular, walls smooth or faintly
nodulose, in transitional part (Fig. 34.4) cells rectangular, walls strongly sinuose, in upper
part to below apex at margin some rows (Fig. 34.6) of quadrate thick-walled cells, markedly
differentiated from short-rectangular, sinuose lamina cells near costa, at apex cells nearly
isodiametric, lumina rounded ; seen in transverse section (Figs. 34.5, 34.8), leaf base and
lamina unistratose, margin on one side unistratose, on opposite side from leaf base to apical
part 1 cell row bistratose. Costa, seen on dorsal side, of even width throughout, percurrent,
seen in transverse section (Figs. 34.5, 34.8), on dorsal side rounded, on ventral side channelled, at insertion and in leaf base 4 guide cells, a band of substereids or stereids, in laminal
part 2 guide cells, a median group of stereids, vanishing below apex, no hydroids seen.
Sporophyte. Seta erect when dry, twisted, bent when wet. Capsule emergent, small,
ovoid, smooth. Operculum conical, beak short, straight. Peristome teeth entire.
Comments.– As no specimens other than the type specimens of G. nepalensis (Figs. 34.2-6)
and G. inflectens (Figs. 34.1, 34.7-8) [in part, of the same collection number] were available,
the description is based on Mitten’s original descriptions (MITTEN, 1859 : 43, 46), and a few
leaves from the type specimens that were carefully examined. Because of the poor information
the species is excluded from the identification key.
Grimmia nepalensis had been collected in Nepal in 1988, fide DEGUCHI & HIGUCHI
(1992: 6) (specimen not seen).
Distribution.– Nepal, 4800 m.
Habitat and substrate.– No indication given on label.

Figure 34.– Grimmia nepalensis Mitt.: 1, leaf; 2, outlines of transverse leaf sections; 3, cells in leaf base; 4, cells in transitional part; 5, transverse section of leaf; 6, cells in laminal part; 7, cells in leaf base; 8, transverse section of leaf.
[Analysis of the type specimens: Grimmia nepalensis Mitt.: 2-6, Hooker 248 (NY); Grimmia inflectens Mitt.: 1, 7-8, Hooker
248 (NY)]
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35. Grimmia nivalis Kindb. in Bull. Torrey Bot. Club 17: 271. 1890 (Figs. 35.1-18).
Type : [CANADA]. British Columbia : Gold Range, north of Griffin Lake, B. C.,
Alt. 7000 f., 10.VIII.1889, Macoun s.n. (Lecto-: S ; iso-: CANM) (lectotypified by
MUÑOZ, 1998b: 392) (Figs. 35.19-21, from Macoun s.n., S).
 Grimmia holzingeri Cardot & Thér. in Bot. Gaz. 30: 123. 1900.
Type : [U.S.A.]. Montana : From the vicinity of Lake Mcdonald, Flathead county,
N.-W. Montana, 6000-7000’, 25.VII.1898, Holzinger & Blake s.n. (Lecto-: PC,
not seen ; isolecto-: FH, H-BR) (lectotypified and synonymized with G. alpestris
(F. Weber & D. Mohr) Schleich. by MUÑOZ, 1998b: 384) syn. nov. (Figs. 35.22-23,
from Holzinger & Blake s.n., FH; Figs. 35.24-25, from Holzinger & Blake s.n., H-BR
1825024).
 Grimmia papillinervis Kindb. in Rev. Bryol. 34: 89. 1907.
Type : CANADA. British Columbia : Skagit Summit, dry rocks, 18.VII.1905,
Macoun s.n. (Holo-: S, [lecto- on label]) (synonymized by MUÑOZ, 1998b : 392)
(Figs. 35.26-27, from Macoun s.n., S).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 35.1) 2.5 mm long,
sheathing to mid-leaf, costa small in leaf base, stout in upper part, excurrent into long,
smooth hair-point; male : plants in separate cushions, leaves to 0.6 mm long, muticous, costa
percurrent, in upper half of leaf enlarged, perigonia as multifoliose terminal buds, innermost
perigonial leaf (Fig. 35.2) 0.5 mm long, cordiform, strongly sheathing, in lower half some
marginal rows of cells hyaline, vanishing at broadest part of leaf, concave, muticous, apex
acute or blunt, costa percurrent, antheridia with few paraphyses. Growth form : cushions
compact, adhering to substrate with rhizoids, interwoven with young shoots, leaflets lanceolate, appressed to stem of the shoot, stems to 1.5 mm long, plants erect (Fig. 35.3), central
strand (Fig. 35.4) developed. Leaves (Fig. 35.5) 1.1-1.7 mm long, densely arranged,
appressed to stem when dry, slowly bending backwards when moistened, patent when
wet, from broad-ovate leaf base, broadest in lower third of leaf, tapering to acute apex, striate
lengthwise, hair-point of variable length, mostly short, denticulate ; leaf form in situ
(Fig. 35.6) concave in leaf base, in lower part of leaf costa recessed in furrow, leaf in upper
third keeled, margins plane ; basal cells (Fig. 35.7) near costa rectangular, towards margin
short-rectangular or quadrate, walls smooth, transverse walls markedly thicker than longitudinal walls, lamina cells above transitional part (Fig. 35.8) small, more or less isodiametric,
lumina quadrate, lamina cells rounded-quadrate, exterior cell walls strongly bulging or mammillose, best seen in laminal part on the dorsal side (Fig. 35.11) on the plicae and on the
costa ; seen in transverse sections (Figs. 35.9-10), leaf base unistratose, in lower laminal part

Figure 35.– Grimmia nivalis Kindb.: 1, perichaetial leaf ; 2, perigonial leaf ; 3, plant with sporophyte ; 4, transverse section of stem; 5, leaves; 6, outlines of transverse leaf sections; 7, cells in leaf base; 8, cells above transitional part; 9-10, transverse
sections of leaf ; 11, cells on dorsal side of costa in upper leaf part ; 12, epidermal cells of seta ; 13, exothecial cells ; 14, stoma ;
15, operculum; 16, cells of operculum at base; 17, peristome tooth, outer side ; 18, peristome tooth, longitudinal section.
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unistratose with bistratose patches, in upper laminal part partly bistratose, the exterior cell
walls bulging. Costa, seen on dorsal side (Fig. 35.5), stout in leaf base, in upper laminal part
strongly enlarged, mammillose, excurrent, seen in transverse sections (Figs. 35.9-10), on
dorsal side in leaf base rounded, in lower laminal part prominent, on ventral side at insertion
widely channelled, in laminal part recessed in more or less deep furrow, at insertion and
in leaf base 4 guide cells, in laminal part reduced to 2, if hydroids present then in lower part
of leaf.
Sporophyte. Seta (Fig. 35.3) straight, to 1.8 mm long, epidermal cells (Fig. 35.12)
turning to the right, vaginula 0.5 mm long, cylindrical. Capsule emergent, erect, obloid,
smooth, exothecial cells (Fig. 35.13) mostly elongate, the shorter ones of various shape,
walls thin, stomata (Fig. 35.14) at base of capsule, neck lacking, annulus consisting of a row
of small, isodiametric cells, detaching singly. Calyptra not seen. Operculum conical,
blunt (Fig. 35.15), base smooth (Fig. 35.16), formed by 3 rows of rounded cells, becoming
bigger in conical part. Peristome (Fig. 35.17) teeth in dry state bent over orifice, lanceolate,
irregularly perforate, separated down to insertion, trabeculae in lower half broad, in upper
part small, 2 or 3 dorsal basal plates smooth, subsequent plates sparsely papillose, upper
dorsal side and ventral side densely covered with rounded papillae, seen in longitudinal
section (Fig. 35.18), teeth inserted below orifice, 2 layers of small rectangular cells between
exothecium and teeth present, their outer plates thicker than inner plates, trabeculae distant,
protruding in lower part, indistinct in upper part, occasionally a prostome present. Spores 810 μm, smooth.
Diagnostic characters.– Gametophyte. Leaves lamina striate lengthwise, margins plane.
Costa seen on dorsal side, stout in leaf base, in laminal part strongly enlarged, mammillose or
even papillose. Sporophyte. Peristome teeth inserted below orifice, 2 layers of small rectangular cells between exothecium and teeth present.
Comparison of the specimens examined with the type specimen of G. nivalis shows correspondence in leaf shape (Fig. 35.19), cells in leaf base (Fig. 35.20), and costal architecture
(Fig. 35.21).
Argumentation for synonymy.– The type specimens of G. holzingeri (FH), G. holzingeri
(H-BR), and G. papillosa show correspondence in leaf shape (Figs. 35.22, 35.24, 35.26), and
costal architecture (Figs. 35.23, 35.25, 35.27) with the type specimen of G. nivalis.

Figure 35. cont. Grimmia nivalis Kindb.: 19, leaf; 20, cells in leaf base; 21, transverse section of leaf; 22, leaf; 23, transverse section of leaf; 24, leaf; 25, transverse section of leaf; 26, leaf; 27, transverse section of leaf.
[1-3, 8-9, 11-16, 18, Howell s.n. (FH) ; 4-7, 10, 17, Kindberg 415 (CANM). Analysis of the type specimens : Grimmia
nivalis Kindb.: 19-21, Macoun s.n. (CANM) ; Grimmia holzingeri Cardot & Thér.: 22-23, Holzinger & Blake s.n. (FH) ;
24-25, Holzinger & Blake s.n. (H-BR 1825024); Grimmia papillinervis Kindb.: 26-27, Macoun s.n. (S)]
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Comments.– The male plants are much smaller than the female plants, the perigonia,
seen in the cushion in surface view, appear as markedly swollen, multifoliose buds, their
comal leaves bend together thus covering the androecium. The type specimens kept in FH
and H-BR are all male plants.
Distribution.– North America: Canada (British Columbia), U.S.A. (Montana, Washington).
Habitat and substrate.– On sloping rocks; on siliceous rock, to 2200 m.
Specimens examined (5), selected for description : CANADA. British Columbia : On
sloping rocks, summit of Gold Range, alt. 6.500 feet, VIII.1889, Kindberg 415 (CANM).
U.S.A. Washington : On rocks near the summit of Mt. Angeles, Clallam Co., 23.VII.1931,
Howell s.n. (FH).

36. Grimmia nutans Bruch in Flora 12: 390. 1829 (Figs. 36.1-15, 22).
Type : [TURKEY]: [Smyrna] Izmir, s.d., s.coll. s.n. (Lecto-: H-SOL ; isolecto-: NY)
(lectotypified by MUÑOZ & PANDO, 2000: 57) (Figs. 36.16-18, from isolectotype
s.coll. s.n., NY).
 Grimmia meteorae C. C. Towns. in Kit Tan, The Davis & Hedge Festschrift : 48.
1989.
Type : GREECE : Thessaly ; on damp stony bank near the Varlaam Monastery, the
Meteora, near Kalabaka, apparently calcareous, 10.V.1987, Townsend 87/125 (Holo-: E,
not seen ; iso-: G) (synonymised by G REVEN , 1995 : 98) (Figs. 36.19-21, from
Townsend 87/125, G).
Gametophyte. Monoicous. Female : innermost perichaetial leaf (Fig. 36.1) to 2.2 mm
long, tubulose, hyaline to apical part, costa stout, excurrent into broad, flat, denticulate hairpoint ; male : perigonia below perichaetium as bud on short stalk in leaf axil, innermost
perigonial leaf (Fig. 36.2) to 0.9 mm long, sheathing to apical part, large, concave, tapering
to acute apex, hyaline in lower part, costa stout, percurrent, antheridia with few paraphyses.
Growth form : cushions dense, compact, plants interwoven and adhering to substrate with
rhizoids, stems to 30 mm long, plants erect (Fig. 36.3), branched, radiculose at base central

Figure 36.– Grimmia nutans Bruch: 1, perichaetial leaf; 2, perigonial leaf; 3, plant with sporophyte; 4, transverse section
of stem ; 5, leaf ; 6, outlines of transverse leaf sections ; 7, cells in leaf base ; 8, transverse section of leaf ; 9, exothecial cells ;
10, stoma ; 11, calyptra ; 12, operculum ; 13, cells of operculum at base ; 14, peristome teeth, outer side ; 15, peristome tooth,
longitudinal section.
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strand (Fig. 36.4) well-developed. Leaves (Fig. 36.5) to 2.8 mm long, of nearly uniform
length, densely set, contorted, apices weakly spreading, at stem tip slightly secund when dry,
water-repellent, therefore slowly moving backwards when moistened, erectopatent when wet,
from broad-ovate slightly decurrent leaf base tapering to acute apex, falcate, striate lengthwise,
hair-point of different lengths, smoothly denticulate; leaf form in situ (Fig. 36.6) at insertion
and in leaf base concave, in lower laminal part widely keeled, in upper part keeled, margins
plane in basal and transitional part, in lower part of lamina slightly recurved on one or both
sides ; basal cells (Fig. 36.7) short-rectangular, walls smooth, above broadest part of leaf
to apex mostly isodiametric, lumina quadrate, in apical part lumina rounded ; seen in transverse section (Fig. 36.8), leaf base unistratose, lamina unistratose with bistratose patches,
some marginal cell rows at least bistratose, exterior walls of lamina cells slightly bulging.
Costa, seen on dorsal side (Fig. 36.5), stout, of uniform width, diminishing in apical
part, seen in transverse section (Fig. 36.8), on dorsal side rounded throughout, exterior cell
walls bulging, on ventral side at insertion and in leaf base widely channelled, in laminal part
channelled, at insertion and in leaf base 4 guide cells, in laminal part 2 guide cells, a median
group of hydroids present, vanishing below apex.
Sporophyte. Seta (Fig. 36.3) 4-7 mm long, straight when dry, curved when wet,
epidermal cells (Fig. 36.22) arranged in lower half parallel to axis, in upper half turning
to the right, vaginula 1.0-1.2 mm long, cylindrical, with ochrea. Capsule emergent, horizontal, cylindrical, obloid when deoperculate, ribbed, exothecial cells (Fig. 36.9) elongate,
of irregular shape, walls thin, seen in transverse section of capsule, exterior walls smooth,
stomata (Fig. 36.10) numerous at short neck, annulus of 2 or 3 rows of cells, detaching in
fragments. Calyptra (Fig. 36.11) cucullate-lobed, covering part of capsule. Operculum
(Fig. 36.12) conical, beak elongate, oblique, base slightly serrulate (Fig. 36.13), formed by
a row of isodiametric or short-rectangular cells, in conical part cells rhombic or pentagonal
to short-hexagonal. Peristome (Fig. 36.14) teeth erect, broad-lanceolate, in apical part
split into 2 or 3 divisions, separated down to insertion, trabeculae small in lower part, thin
in apical part, dorsal lower plates smooth, the subsequent plates covered with fine papillae,
upper half densely covered with rounded papillae, becoming rough in apical part, ventral
side in lower half finely papillose, upper half abruptly densely ornamented with rough
papillae, seen in longitudinal section (Fig. 36.15), teeth inserted at orifice, anchored by
strongly thickened walls of capsule wall cells, 2 layers of cells between exothecium and teeth
present, dorsal plates thicker than ventral plates, trabeculae sharply protruding in lower
part, indistinct in upper part. Spores 9-12 μm, minutely granulose.

Figure 36. cont.– Grimmia nutans Bruch: 16, leaf; 17, cells at leaf base; 18, transverse section of leaf; 19, leaf; 20, cells
in leaf base; 21, transverse section of leaf; 22, epidermal cells of seta.
[1-3, 9-15, 22, Sauer A80 (G); 4-8, Sauer A5 (G). Analysis of the type specimens: Grimmia nutans Bruch: 16-18, s.coll.
s.n. (NY); Grimmia meteorae C. C. Towns.: 19-21, Townsend 87/125 (G)]
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Diagnostic characters.– Gametophyte. Leaves striate lengthwise. Costa stout. Sporophyte. Peristome teeth inserted at orifice, anchored by strongly thickened walls of capsule
wall cells.
Comparison of the specimens examined with the type specimen of G. nutans shows correspondence in leaf shape (Fig. 36.16), cells in leaf base (Fig. 36.17), and costal architecture
(Fig. 36.18).
Argumentation for synonymy.– The type specimen of G. meteorae shows correspondence
in leaf shape (Fig. 36.19), cells in leaf base (Fig. 36.20), and costal architecture (Fig. 36.21)
with the type specimen of G. nutans.
Comments.– MÜLLER (1829 : 385) gives an account of mosses collected near Smyrna by
his friend Mr. Fleischer. The drawings and the descriptions of the mosses were done by Bruch
(see MÜLLER, 1829), especially that of the newly described G. nutans. GREVEN (2004) gives
an account of the rediscovery of G. nutans.
Distribution.– Africa : Morocco. Asia : Turkey. Europe : Cyprus, France, Greece, Spain
including the Canary Islands.
Habitat and substrate.– In garrigue (shrubland, in Southern France), damp places, river
bank; on diabase, sandstone, vulcanite, from 750 to 940 m.
Specimens examined (20), selected for description : TURKEY. Izmir : Ayden Daǧlan
S Tire, an der Strasse nach Incuhova, 950 m, 3.IV.1983, Sauer A5 (G) ; Yamanlardagh
E-Flanke, Felsen, über einer Waldquelle. Vulkanit, ca. 900 m, 7.IV.1992, Sauer A80 (G).

37. Grimmia orbicularis Wilson in Sm. & Sowerby, Engl. Bot.: sub tab. 2888. 1844
(Figs. 37.1-16, 54).
Type : [U.K.]: St. Vincents Rocks, II.1837, Eagle s.n. (Lecto-: BM) (lectotypified by
MUÑOZ & PANDO, 2000: 58) (Figs. 37.17-19, from Eagle s.n., BM).
 Grimmia sinaica Bruch & Schimp., Bryol. Eur. 25-28, Grimmia: 11. 1845.
Type : [EGYPT]: In m. Sinaï, 1836, Schimper s.n. (Lecto-: BM; isolecto: BM) (lectotypified and synonymized by MUÑOZ & PANDO, 2000: 58) (Figs. 37.20-24, from
Schimper s.n., BM).

Figure 37.– Grimmia orbicularis Wilson : 1, perichaetial leaf ; 2, perigonial leaf ; 3, plant with sporophyte ; 4, transverse
section of stem ; 5, leaf ; 6, outlines of transverse leaf sections ; 7, cells in leaf base ; 8, cells in transitional part ; 9, transverse
section of leaf ; 10, transverse leaf section at insertion ; 11, exothecial cells ; 12, calyptra ; 13, operculum ; 14, cells of operculum
at base; 15, peristome teeth, outer side; 16, peristome tooth, longitudinal section; 54, epidermal cells of seta.
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 Grimmia mammillaris Poech in Lotos 1: 177. 1851.
Type : [CZECH REPUBLIC]: In rupibus calcareis prope ‘Pragam’. Mat. Vere, Poech
s.n. (Lecto-: G) (lectotypified and synonymized by MUÑOZ & PANDO, 2000: 58)
(Figs. 37.25-27, from Poech s.n., G).
 Grimmia gibertii Mitt. in J. Linn. Soc., Bot. 12: 100. 1869.
Type : [URUGUAY]: Montevideo, in terra, VIII.1868, Gibert 729 (Lecto-: NY; isolecto-: FH, H-BR, NY, PC) (lectotypified and synonymized with G. pulvinata (Hedw.)
Sm. by MUÑOZ, 1999a: 168) syn. nov. (Figs. 37.28-30, from Gibert 729, NY).
 Grimmia orbicularis var. persica Schiffn. in Oesterr. Bot. Z. 47: 129. 1897.
Type : [IRAN]: Persiae australis prov. Farsistan : in rupestribus calcar. montium ad
Schiras. 1650-1700 m.s.m., 25.X.1892, Bornmüller 4448 (Lecto-: JE, not seen ;
isolecto-: G) (lectotypified and synonymized by MUÑOZ, 2000c: 101) (Figs. 37.31-33,
from Bornmüller 4448, G).
 Grimmia leptotricha Müll. Hal. in Hedwigia 38: 120. 1899.
Type : [SOUTH AFRICA]: In monte ‘Boschberg’ prope Somerset-East, Promont.
bon. spei, s.d., MacOwen s.n. (Lecto-: BM) (lectotypified by MUÑOZ & PANDO,
2000: 69) (synonymized with G. pulvinata (Hedw.) Sm. by MAGILL, 1981: 275 ; and
by MUÑOZ & PANDO, 2000: 69) syn. nov. (Figs. 37.34-36, from MacOwen s.n., BM)
[Rabenhorst-Winter, Bryotheca europaea et extraeuropaea n° 1383].
 Grimmia orbicularis var. brevipila J. Amann, Fl. Mouss. Suisse 2: 134. 1918.
Type : [SWITZERLAND]. Vaud : Rochers et murs près St Saphorin, 400-450 m,
18.XII.1912, Amann BH 91.6.22 (Lecto-: ZT; syn-: ZT, Amann BH 91.6.20) (lectotypified and synonymized by MUÑOZ & PANDO, 2000: 59) (Figs. 37.37-38, from Amann
BH 91.6.22, ZT).
 Grimmia orbicularis var. humilis J. Amann, Fl. Mouss. Suisse 2: 134. 1918.
Type : [SWITZERLAND]. Vaud : Rochers au Dejalay, 450-500 m, 3.III.1912,
Amann BH 91.6.28 (Lecto-: ZT; Syn-: ZT, Amann BH 91.6.26) (lectotypified and
synonymized by MUÑOZ & PANDO, 2000: 59) (Figs. 37.39-40, from Amann BH
91.6.26, ZT).
0.1 mm

1 mm

18-19, 21-24, 26-27

17, 20, 25

Figure 37. cont.– Grimmia orbicularis Wilson : 17, leaf ; 18, cells in leaf base ; 19, transverse section of leaf ; 20, leaf ;
21, cells in leaf base ; 22, transverse section of leaf ; 23, peristome teeth, outer side ; 24, peristome tooth, longitudinal section ;
25, leaf; 26, cells in leaf base; 27, transverse section of leaf.
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 Grimmia moxleyi R. S. Williams in Holz., Musci Acrocarpi Bor.–Amer. & Eur.:
n° 600. 1926 [in sched.].
Type : [U.S.A. California]: On sandstone conglomerate, between Big Rock
Creek and Devil’s Punch Bowl, Los Angeles Co., Calif., 30-31.V.1926, Moxley
1141 (Lecto-: NY; isolecto-: H-BR) (lectotypified and synonymized by MUÑOZ,
2000c : 101) (Figs. 37.41-44, from Moxley 1141, H-BR).
 Grimmia curviseta Bouman in J. Bryol. 16: 379. 1991.
Type : [SPAIN]. Tenerife : España, prov. de Santa Cruz de Tenerife, Isla de Tenerife,
Cañadas del Teide, Degollada de Guajara, alt. 2400 m, UTM CS4020, 3.I.1989,
Dirkse 005828 (Holo-: U) syn. nov. (Figs. 37.45-49, from Dirkse 005828, U).
 Grimmia exquisita J. Muñoz in J. Bryol. 24: 315. 2002.
Type : [U.S.S.R.]. Turkmenistan. Czardzhou Oblast : South Eastern Karakumy,
Kelifskij Uzboij, 37.35 N 65.00 E, gypsum sandstones, 18.IX.1957, Il’yin s.n. (Holo-:
MA; iso-: LE) syn. nov. (Figs. 37.50-53, from Il’yin s.n., MA).
Gametophyte. Monoicous. Female : innermost perichaetial leaf (Fig. 37.1) 1.8-2.0 mm
long, sheathing to mid-leaf or two-thirds of leaf length, concave, sheathing part hyaline, costa
stout in upper part, excurrent into broad, nearly smooth hair-point ; male : perigonia in
branches far below perichaetium as multifoliose buds on short stalks, the concave, hyaline
lower part of innermost perigonial leaf sheathing (Fig. 37.2), 0.8 mm long, suddenly
narrowed to acute apical part, costa vanishing below apex, antheridia with paraphyses.
Growth form : cushions dense, compact, strongly attached to substrate, young shoots originating from tomentum, leaflets lanceolate, appressed to stem of shoot, apices patent, stems to
30 mm long, plants erect (Fig. 37.3), branched, central strand (Fig. 37.4) developed. Leaves
(Fig. 37.5) 1.0-1.5 mm long, crowded, appressed to stem when dry, bending backwards
when moistened, erectopatent when wet, from ovate leaf base lanceolate or elongate-lanceolate, broadest at mid-leaf, tapering to obtuse apex, hair-point very short to elongate, nearly
smooth ; leaf form in situ (Fig. 37.6) concave in leaf base, keeled in laminal part, margins
recurved on both sides from below to above mid-leaf, rarely on one side only; basal paracostal
cells (Fig. 37.7) elongate-rectangular, walls more or less nodulose, at margin some cell rows
rectangular to quadrate, appearing hyaline, transverse walls thickened, smooth, cells in transitional part (Fig. 37.8) short-rectangular, sinuose, in upper laminal part isodiametric, lumina
rounded ; seen in transverse section (Fig. 37.9), leaf base and lamina unistratose throughout,
margin unistratose, at most 1 bistratose cell row on one side near apex. Costa, seen on dorsal
side (Fig. 37.5), narrowed in leaf base, gradually enlarged in laminal part, excurrent into
hair-point, seen in transverse section (Fig. 37.9), on dorsal side rounded, at insertion and
in leaf base mammillose (Figs. 37.9-10, 37.19, 37.22) on ventral side in basal part widely
channelled, in laminal part channelled, at insertion and in leaf base 4 guide cells, in laminal
part 2 guide cells, a median group of hydroids, vanishing below apical part.

Figure 37. cont.– Grimmia orbicularis Wilson : 28, leaf ; 29, cells in leaf base ; 30, transverse section of leaf ; 31, leaf ;
32, cells in leaf base; 33, transverse section of leaf; 34, leaf; 35, cells in leaf base; 36, transverse section of leaf.
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Sporophyte. Seta (Fig. 37.3) 2.0-3.0 mm, straight when dry, curved when wet, epidermal cells (Fig. 37.54) arranged parallel to axis, vaginula 0.8 mm long, cylindrical, with
ochrea. Capsule exserted, pendulous, ovoid, finely ribbed, exothecial cells elongate
(Fig. 37.11), thin-walled, seen in transverse section of capsule, exterior walls smooth, stomata
large at base of capsule, neck lacking, annulus of 2 or 3 rows of cells, detaching easily as
groups or singly. Calyptra cucullate (Figs. 37.12, 37.48). Operculum conical (Fig. 37.13),
mammillate, base smooth (Fig. 37.14), formed by a row of nearly isodiametric cells, in conical part cells irregular, walls thin. Peristome (Figs. 37.15, 37.23, 37.44, 37.53) teeth erect,
spreading when dry, broadly lanceolate, in upper half split into 2-4 divisions (Figs. 37.23,
37.44), occasionally imperfect or rudimentary (Fig. 37.15), in places interconnected by anastomosis (Figs. 37.15, 37.53), separated down to the insertion, trabeculae small, dorsal and
ventral sides densely covered with fine papillae, seen in longitudinal section (Figs. 37.16,
37.24, 37.49), teeth inserted at orifice, between exothecium and teeth 1 or 2 layers of cells
present, dorsal plates thicker than ventral plates, trabeculae distant, in lower third sharply protruding. Spores 10-13 μm, smooth.
Diagnostic characters.– Gametophyte. Leaves broadest at mid-leaf, margins recurved on
both sides at mid-leaf, unistratose, occasionally bistratose on one side in the apex. Costa at
insertion and in leaf base mammillose. Sporophyte. Peristome teeth in upper half split into
2-4 divisions, in places interconnected by anastomosis.
Comparison of the specimens examined with the type specimen of G. orbicularis
shows correspondence in leaf shape (Fig. 37.17), cells in leaf base (Fig. 37.18), and costal
architecture (Fig. 37.19).
Argumentation for synonymy.– The type specimens of G. sinaica, G. mammillaris, G. gibertii,
G. orbicularis var. persica, G. leptotricha, G. moxleyi, G. curviseta, and G. exquisita show correspondence in leaf shape (Figs. 37.20, 37.25, 37.28, 37.31, 37.34, 37.41, 37.45, 37.50),
cells in leaf base (Figs. 37.21, 37.26, 37.29, 37.32, 37.35, 37.42, 37.46, 37.51), and costal
architecture (Figs. 37.22, 37.27, 37.30, 37.33, 37.36, 37.43, 37.47, 37.52) with the type
specimen of G. orbicularis. The type specimens of G. orbicularis var. brevipila and G. orbicularis
var. humilis show correspondence in leaf shape (Figs. 37.37, 37.39), and costal architecture
(Figs. 37.38, 37.40) with the type specimen of G. orbicularis.
Comments.– In rare cases, the lamina develop bistratose patches (Fig. 37.22). This may
be in response to growth in exposed sites.

Figure 37. cont.– Grimmia orbicularis Wilson : 37, leaf ; 38, transverse section of leaf ; 39, leaf ; 40, transverse section of
leaf; 41, leaf; 42, cells in leaf base; 43, transverse section of leaf; 44, peristome teeth, outer side; 45, leaf; 47, transverse section
of leaf; 49, capsule wall at margin, longitudinal section.
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Leaves of plants found in exposed places or buried in erroding substrate may lack
hair-point development, thus exhibiting muticous apices. These forms have been described as
G. orbicularis var. persica by SCHIFFNER (1897 : 129). They show strongly nodulose cell walls
in leaf base and joint thickenings in the lamina cells. Under harsh growing conditions
hydroids may be partly transformed to stereids.
In an expanded and very instructive article, MUÑOZ (2000c : 101) describes the species
G. orbicularis var. persica and G. moxleyi as synonyms of G. orbicularis. He states that the same
forms of muticous leaves appear in plants from the Mohave Desert (Nevada, U.S.A.) as can be
found in Iranian plants.
AMANN (1918 : 134) described G. orbicularis var. humilis from Switzerland, Vaud, with
the annotation ‘peristome imperfect or rudimentary’. Another specimen of this variety,
collected by Verdoorn in the Ardennes, in Belgium (GOET), has an imperfect peristome with
hyaline teeth. They resemble specimens of G. curviseta, that have a similar peristome structure
(Fig. 38.49).
In the protologue, G. mammillaris is written with a double ‘m’ and a double ‘l’ (KEIL,
1851: 177). The orthography of the epithet given on the printed type label and in MUÑOZ &
PANDO (2000: 58) is erroneous.
Distribution.– Africa : Egypt, Morocco, South Africa, Tunisia. Asia : Afghanistan, China
(Tibet), India, Iran, Pakistan, Russia, Turkey. Europe : Belgium, Czech Republic, France,
Germany, Italy, Serbia, Spain including the Canary Islands (Tenerife), Switzerland, U.K.
(Scotland). North America : U.S.A. (California). Australia : New Zealand. South America :
Uruguay.
Habitat and substrate.– In sunny places, on exposed cliffs, in arid grasslands, steppe vegetation, gorges, on rocks in forests, on walls in vineyards; on andesite, conglomerate, dolomite,
limestone, sandstone, serpentine, from 500 to 2000 m.
Specimens examined (45), selected for description : SWITZERLAND. Valais : Fully,
Rhone bridge near Branson, 461 m, 8.II.1997, Maier G0035 (G); Martigny, La Bâtiaz, walls
in vineyards, substrate calcareous, 580 m, 9.II.1998, Maier G0036 (G) ; Nax, La Crêta, on
rock, sonny, substrate calcareous, 1240 m, 5.IV.1995, Maier 9622 (G) ; Vaud : Rivaz, wall
along street, cavity, N aspect, 470 m, 8.IV.1992, Maier 6705 (G).
Figure 37. cont.– Grimmia orbicularis Wilson : 46, cells in leaf base ; 48, calyptra ; 50, leaf ; 51, cells in leaf base ;
52, transverse section of leaf; 53, peristome teeth, outer side.
[1-2, 5, 7-8, 11, 13-16, 54, Maier 9622 (G) ; 3, Maier 6705 (G) ; 4, 12, Maier G0035 (G) ; 6, 9-10, Maier G0036
(G). Analysis of the type specimens : Grimmia orbicularis Wilson : 17-19, Eagle s.n. (BM) ; Grimmia sinaica Bruch & Schimp.:
20-24, Schimper s.n. (BM) ; Grimmia mammillaris Poech : 25-27, Poech s.n. (G) ; Grimmia gibertii Mitt.: 28-30, Gibert 729
(NY); Grimmia orbicularis var. persica Schiffn.: 31-33, Bornmüller 4448 (G); Grimmia leptotricha Müll. Hal.: 34-36, MacOwen
s.n. (BM) ; Grimmia orbicularis var. brevipila J. Amann : 37-38, Amann BH 91.6.22 (ZT) ; Grimmia orbicularis var. humilis
J. Amann: 39-40, Amann BH 91.6.26 (ZT); Grimmia moxleyi R. S. Williams: 41-44, Moxley 1141 (H-BR); Grimmia curviseta
Bouman: 45-49, Dirkse 005828 (U); Grimmia exquisita J. Muñoz: 50-53, Il’yin s.n. (MA)]
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38. Grimmia ovalis (Hedw.) Lindb. in Acta Soc. Sci. Fenn. 10: 75. 1871 (Figs. 38.1-25).
 Dicranum ovale Hedw., Sp. Musc. Frond.: 140. 1801.
Type : [GERMANY]: “Grimmia commutata B & S. Specimina ab Hedw. ad iconem
Dicrani ovalis adhibita”, s.d., s.coll. s.n. (Lecto-: G) (lectotypified by GEISSLER &
MAIER, 1995: 502) (Figs. 38.26-28, from s.coll. s.n., G, reproduced from GEISSLER &
MAIER, 1995: 510).
 Grimmia ovata F. Weber & D. Mohr, Naturh. Reise Schwedens: 132. 1804.
Type : [SWEDEN]: Holmiae, s.d., s.coll. s.n. (Lecto-: BM) (lectotypified and
synonymized by CAO & VITT, 1986: 170) (Fig. 38.29, from s.coll. s.n., BM).
 Grimmia nigricans DC. in Lam. & DC., Fl. Franç. ed. 3, 2: 459. 1805.
Type : [FRANCE/SPAIN]: Pyrenées, s.d., s.coll. s.n. (Lecto-: G) (lectotypified
and synonymized by MUÑOZ & PANDO, 2000: 60) (Fig. 38.30, from s.coll. s.n., G).
 Grimmia olneyi Sull. in Sull. & Lesq., Musci Bor.-Amer.: 36. 1856.
Type : U.S.A.: in rupibus maritimis Rhodensis Insulae, s.d., Olney s.n. [Sullivant &
Lesquereux Exsiccatae n° 141] (Lecto-: FH ; isolecto-: G, NY) (lectotypified by
MUÑOZ & PANDO, 2000: 58) syn. nov. (Fig. 38.31, from Sullivant & Lesquereux
141, FH; Figs. 38.32-33, from Sullivant & Lesquereux 141, G).
 Grimmia cossonii Besch., Cat. Mouss. Alg.: 18. 1882.
Type : ALGERIA : Djebel Ksel pr. Géryville, 30.V.1856, Cosson 1762 (Lecto-: PC)
(lectotypified and synonymized by MUÑOZ, 1999a : 159) (Fig. 38.34, from Cosson
1762, PC).
 Grimmia obtusolinealis Müll. Hal. in Flora 73: 484. 1890.
Type: KENYA. North Nyeri: on wet rocks by the Sirimon stream, Mount Kenya, alt.
c. 3570 m, 4.IV.1975, Townsend 75/749 (Neo-: E; iso-: E, G, Townsend) (neotypified by
GREVEN, 2003: 172) syn. nov. (Fig. 38.35, from Townsend 75/749, G).
 Grimmia austinii Kindb. in Rev. Bryol. 23: 19. 1896.
Type : U.S.A. New Jersey : Austin, 1887, Macoun s.n. (Lecto-: S) (lectotypified
and synonymized with G. olneyi Sull. by MUÑOZ & PANDO, 2000: 58) syn. nov.
(Figs. 38.36-37, from Macoun s.n., S).
0.1 mm
10, 14, 19-20, 27-28

1 mm
1-2, 5-7, 17-18, 26,
36, 38, 41

Figure 38.– Grimmia ovalis (Hedw.) Lindb.: 1, perichaetial leaf; 2, perigonial leaf; 3, plant with sporophyte; 5-7, leaves;
10, cells in transitional part ; 14, transverse section of leaf ; 17, calyptra ; 18, operculum ; 19, cells of operculum at base ;
20, peristome teeth, outer side ; 26, leaf ; 27, cells in leaf base ; 28, transverse section of leaf ; 36, leaf ; 38, leaf ; 41, leaf.
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 Grimmia wilsonii Greven in J. Bryol. 20: 398. 1998.
Type : NEW ZEALAND : Mount Cook National Park, summit of Sebastopol. 4820’.
On rock, 18.XI.1972, Wilson 3139 (Holo-: CHR) syn. nov. (Figs. 38.38-40, from
Wilson 3139, CHR).
 Grimmia serrana J. Muñoz & al. in J. Bryol. 24: 143. 2002.
Type : U.S.A. California : Tulare Co., Wishon Fork Tule River about Wishon Campground, off of forest road 20S03, 36°11’N 118°40’W, 1200 m, granitic boulders in
open mixed forest with black oak on hillside, 18.I.1998, Shevock & Morosco 16808
(Holo-: MA) syn. nov. (Figs. 38.41-43, from Shevock & Morosco 16808, MA).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 38.1) to 4.2 mm
long, sheathing to broadest part of leaf, at margin some cell rows hyaline, vanishing in broadest part, costa stout, indistinct in apical part, hair-point elongate, denticulate ; male : perigonia as multifoliose buds on short stalks, terminal and in leaf axils, innermost perigonial leaf
(Fig. 38.2) 1 mm long, sheathing, concave, broad-ovate, tapering to acute apex, hyaline to
upper third, costa vanishing below apex, antheridia with paraphyses. Growth form : cushions
lax, young shoots mostly present originating from rhizoids or older stem parts, leaflets
broad lanceolate, sheathing, apex muticous with inflexed margins, stems to 40 mm long,
plants (Fig. 38.3) decumbent or erect, branched, central strand (Fig. 38.4) developed.
Leaves minute in lower part of stem with muticous, acute apices, becoming gradually longer
(Figs. 38.5-7), to 3.5 mm, with some hyaline cells in lower leaves, with elongate, denticulate
hair-point in upper leaves, sheathing part appressed to stem, laminal part loosely arranged or
slightly flexuose when dry, bending backwards when moistened, erectopatent when wet, from
ovate or elongate sheathing base narrowed to lanceolate laminal part, thus forming rounded
shoulder, tapering to rounded apex, hair-point short to elongate, denticulate ; leaf form in
situ (Fig. 38.8) in leaf base widely concave, in mid-leaf concave, at apex tubulose, margins
plane, slightly inflexed at least in upper third of leaf ; basal paracostal cells (Fig. 38.9)
elongate-rectangular, walls nodulose, towards margin several rows of elongate-rectangular,
rectangular, or quadrate cells, walls smooth, thickened, at margin some rows of hyaline cells,
vanishing in broadest part of leaf, in transitional part (Fig. 38.10) rectangular cells, walls
sinuose, towards margin isodiametric, lumina rounded, walls smooth, in laminal and apical
part cells rounded ; seen in transverse sections (Figs. 38.11-14), leaf base unistratose, transitional part bistratose in places, laminal part bistratose, margin at insertion, in leaf base and in
transitional part unistratose, bistratose in upper part of leaf, occasionally tri- or quadristratose

0.1 mm
4, 9, 11-13, 15-16,
21-25

0.4 mm
8

Figure 38. cont.– Grimmia ovalis (Hedw.) Lindb.: 4, transverse section of stem ; 8, outlines of transverse leaf sections ;
9, cells in leaf base; 11-13, transverse sections of leaf; 15, epidermal cells of seta; 16, exothecial cells; 21, peristome teeth, outer
side; 22-25, peristome teeth, longitudinal sections.
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(Figs. 38.12-14). Costa, seen on dorsal side (Figs. 38.6-7), broadest at insertion and in leaf
base, from above broadest part of leaf to apex small or indistinct, seen in transverse sections
(Figs. 38.11-14), on dorsal side convex in lower half of leaf, rounded in upper half, on
ventral side at insertion and in leaf base slightly concave, in laminal part widely channelled,
at apex channelled, at insertion 6-8(11) ventral cells, most of them guide cells, in leaf base
5-6 guide cells, in laminal part 4 guide cells, in apical part 2 guide cells, a median group of
hydroids at least at insertion and in leaf base present.
Sporophyte. Seta (Fig. 38.3) 3-5 mm long, straight, slightly inclined to inclined,
enlarged at capsule base, epidermal cells (Fig. 38.15) in lower half turning to the left,
in upper half turning to the right, vaginula 1 mm long, cylindrical, with ochrea. Capsule
exserted, erect or slightly inclined, obloid, narrowed at orifice after dehiscence, pachydermous, smooth, exothecial cells (Fig. 38.16) elongate penta- and hexagonal, thick-walled, seen
in transverse section of capsule, exterior walls smooth, stomata at base of neck, rarely lacking,
annulus of 3-4 rows of rounded cells detaching singly. Calyptra (Fig. 38.17) cucullate, covering upper half of capsule. Operculum (Fig. 38.18) conical, beak long, oblique, base smooth
(Fig. 38.19), formed by some rows of rounded cells, in conical part cells oval, thick-walled.
Peristome (Figs. 38.20-22) teeth erect-spreading when dry, broad at base, lanceolate, in
upper half perforate or split to 2 or 3 divisions, separated down to insertion in pairs, trabeculae small to broad throughout, lower dorsal side smooth, upper part of dorsal side and inner
side densely covered with fine papillae, seen in longitudinal sections (Figs. 38.23-25), teeth
deeply inserted below orifice, 2-3 layers of cells between exothecium and teeth present, their
outer plates much thicker than inner plates, trabeculae close together, protruding, prostome
of different development states present. Spores 9-11 μm smooth.
Diagnostic characters.– Gametophyte. Leaves with plane margins throughout, above
transitional part bistratose, occasionally up to quadristratose. Costa indistinct above broadest
part of leaf, 1 group of hydroids, at least at insertion and in leaf base, present. Sporophyte.
Peristome deeply inserted, prostome present.
Comparison of the specimens examined with the type specimen of G. ovalis shows correspondence in leaf shape (Fig. 38.26), cells in leaf base (Fig. 38.27), and costal architecture
(Fig. 38.28).
Argumentation for synonymy.– The type specimens of G. ovata, G. nigricans, G. cossonii,
and G. obtusolinealis show correspondence in costal architecture (Figs. 38.29, 38.30, 38.34,
38.35) with the type specimen of G. ovalis. The type specimens of G. olneyi show correspondence in leaf base (Fig. 38.32), and in costal architecture (Figs. 38.31, 38.33) with the type

0.1 mm
29, 31, 34-35, 40,
42, 43

Figure 38. cont.– Grimmia ovalis (Hedw.) Lindb.: 29, transverse section of leaf ; 31, transverse section of leaf ; 34-35,
transverse sections of leaf; 40, transverse section of leaf; 42, cells in leaf base; 43, transverse section of leaf.
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specimen of G. ovalis. The type specimen of G. austinii shows correspondance in leaf shape
(Fig. 38.36) and in costal architecture (Fig. 38.37) with the type specimen of G. ovalis. The
type specimens of G. wilsonii and G. serrana show correspondence in leaf shape (Figs. 38.38,
38.41), cells in leaf base (Figs. 38.39, 38.42), and costal architecture (Figs. 38.40, 38.43)
with the type specimen of G. ovalis.
Comments.– Leaf shape variable : in well-developed plants leaves (Figs. 38.5-7)
with shoulder, formed by narrowed lanceolate part above leaf base, leaves from plants of
high altitudes are short with shoulder less developed. Hair-point length variable, very short
(Figs. 38.5, 38.38) to elongate (Figs. 38.7, 38.41) forms may be seen.
Plants with muticous leaves may also be found. Such forms have been identified as
G. obtusolinealis (Fig. 38.6) or confused with G. unicolor (Figs. 51.5-6). The transverse
section of a leaf of G. ovalis (Fig. 38.11) shows hydroids and stereids whilst G. unicolor
(Fig. 51.9, Fig. 51.21) never has hydroids.
Stratosity varies from bi- to quadristratose laminae, especially in the marginal region
below the apical part (Figs. 38.13 from Western Germany, 38.12 and 38.43 from California). A specimen collected in North America (Connecticut) as G. olneyi shows this variation
in stratosity (Fig. 38.14) in connection with peristome characters (Figs. 38.22, 38.24)
as usually seen in G. ovalis (Fig. 38.21). The ventral side of the costa may be overlaid by
supplementary cells on both sides or on one side of leaf axis only, thus covering the guide cells
(Fig. 38.40); this variation is not always present in all plants of a collection. LAWTON (1971:
tab. 63) published drawings from plants of G. ovalis showing the alteration ; they were found
in North America in all states and provinces of the Pacific Northwest to 3000 m (LAWTON,
1971). Plants growing at high altitudes seem to be more affected by this phenomenon,
the causes of which are unknown. Capsule bearing plants collected in the Swiss Alps with
the same variation were used to compare their peristome characterstics with those seen in
specimens corresponding to the ‘normal’ gametophyte of the type specimen : no differences
between them were seen.
Distribution.– Africa : Ethiopia, Kenya, Tunisia, Uganda. Asia : Nepal, Pakistan, India,
Turkey. Australia : New Zealand. Europe : Austria, France, Germany, Serbia-Montenegro,
Spain including the Canary Islands (Grand Canaria), Sweden, Switzerland, U.K. (Scotland).
North America: U.S.A. (California, Connecticut, New York, Rhode Island).
Figure 38. cont.– Grimmia ovalis (Hedw.) Lindb.: 30, transverse section of leaf ; 32, cells in leaf base ; 33, transverse
section of leaf; 37, tranverse section of leaf; 39, cells in leaf base.
[1, 4, 8, 15, 17-19, 21, 23, van Melick 201553 (van Melick) ; 2, Maier 9126 (G) ; 3, Maier 7920 (G) ; 5, 14, 16, 22,
24, Eaton 169 (G) ; 6, 11, Schimper 484b (G) ; 7, 9-10, Erzberger s.n. (Erzberger, G) ; 12, Norris & Shevock 100060 (MO) ;
13, Maier s.n. (G) ; 20, Townsend 75/749 (E, G) ; 25, Maier 5030 (G). Analysis of the type specimens : Grimmia ovalis
(Hedw.) Lindb.: 26-28, s.coll. s.n. (G) ; Grimmia ovata F. Weber & D. Mohr : 29, s.coll. s.n. (BM) ; Grimmia nigricans DC.:
30, s.coll. s.n. (G) ; Grimmia olneyi Sull.: 31, Sullivant 141 (FH) ; 32-33, Sullivant 141 (G) ; Grimmia cossonii Besch.:
34, Cosson 1762 (PC) ; Grimmia obtusolinealis Müll. Hal.: 35, Townsend 75/749 (E, G) ; Grimmia austinii Kindb.:
36-37, Macoun s.n. (S) ; Grimmia wilsonii Greven : 38-40, Wilson 3139 (CHR) ; Grimmia serrana J. Muñoz & al.:
41-43, Shevock 16808 (MA)]

Grimmia ovalis

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

30

33

39

37

32

0.1 mm
30, 32-33, 37, 39

Grimmia ovalis

269

270

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

Habitat and substrate.– On boulders in sunny places, rivulets and river banks, in alpine
meadows, dry grasslands, in scrub, on walls ; on andesite, basalt, granite, limestone, loess,
siliceous rocks, from 30 to 4500 m.
Specimens examined (200), selected for description : AUSTRIA. Carinthia : Heiligenblut, an der Gössnitz, 1320 m, Blöcke am Wegrand, Silikatgestein, schattenlos, 26.VIII.1994,
Maier 9126 (G). ETHIOPIA [ABYSSINIA]: Schimperi Iter Abyssinicum. Grimmia
subexserta Br. & Schp., ined., s.d., Schimper 484b (G). GERMANY. Rheinland-Pfalz :
Kusel, 355 m, Waldrand, schattenlos, Felsplatte, Andesit, 28.III.2004, Maier s.n. (G).
SERBIA-MONTENEGRO. Serbia : Stara Planina, Weg von Planinarski dum Babin Zub,
Richtung Berg Midzot, 43°23’27.5”N, 22°38’00.4”E ; Silikatfelsen am Grat, alpine Weiden,
ca. 1815 m, 28.VI.2005, Erzberger s.n. (Erzberger, G). SPAIN. Gran Canaria : West slope of
the Roque Nublo and Mont. del Aserrador, 1330-1400 m, on rocks, 23.II.1996, van Melick
201 553 (van Melick). SWITZERLAND. Tessin : Someo 370 m, Dorf, Strassenstützmauer
S-Exp., Silikatgestein, 26.III.1993, Maier 7920 (G) ; Valais : Fully, Les Follatères, Felsensteppe, 490 m, Felsplatte übererdet, Loess, 12.III.1991, Maier 5030 (G). U.S.A. Connecticut : Grimmia olneyi Sullivant, Branford, 1892, Eaton 169 (G) ; California : Grimmia serrana
Muñoz & Shevock. Madera Co., on dry, sunny granitic dome in a scrub of Cercocarpus and
Arctostaphylos surrrounded by a forest of Quercus kelloggii, Pinus ponderosa and Cercocarpus
allong Forest Highway 81 about 1.8 miles north of Fish Creek and 1.5 miles south of
Slide Creek, Sierra National Forest. Section 33, T7S, R24E. Elev. ca. 1400 m, 37°16’30”N,
119°21’30”W, 29.VII.2000, Norris & Shevock 100060 (MO).

39. Grimmia percarinata (Dixon & Sakurai) Deguchi in J. Sci. Hiroshima Univ., Ser. B,
Div. 2, Bot. 16: 198. 1979 (Figs. 39.1-13).
 Didymodon percarinatus Dixon & Sakurai in Bot. Mag. (Tokyo) 50: 516. 1936.
Type : [JAPAN]: Ins. Yakushima, Kiusiu, VIII.1934, Doi 4239 (Holo-: MAK, not
seen; iso-: BM) (Figs. 39.14-17, from Doi 4239, BM).
Gametophyte. Dioicous. Female : perichaetial leaves markedly longer than stem leaves,
innermost (Fig. 39.1) perichaetial leaf 2.5-2.8 mm long, sheathing to broadest part of leaf,
from elongate leaf base suddenly narrowing to lanceolate upper part, at margin 2-3 cell rows
hyaline, vanishing at broadest part of leaf, cell pattern as in stem leaves, costa excurrent into
short or elongate denticulate hair-point ; male : perigonia not seen. Growth form : cushions
Figure 39.– Grimmia percarinata (Dixon & Sakurai) Deguchi: 1, perichaetial leaves; 2, plant with sporophyte; 3, transverse section of stem ; 4-5, leaves ; 6, outlines of transverse leaf sections ; 7, cells in leaf base and transitional part ; 8, transverse
section of leaf ; 9, lamina, dorsal side with doubled longitudinal cell rows ; 10, dorsal apical part of costa ; 11, exothecial cells ;
12, peristome teeth, outer side ; 13, peristome tooth, longitudinal section ; 14, leaf ; 15, cells in leaf base ; 16, transverse section
of leaf; 17, cells near leaf margin in upper laminal part.
[1-2, 4, 11-13, Polunin 146 (BM) ; 3, 5, 6-10, Long 20720 (E, G). Analysis of the type specimen : Grimmia percarinata
(Dixon & Sakurai) Deguchi: 14-17, Doi 4239 (BM)]
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dense, compact, numerous young shoots originating from decomposed stems, leaflets lanceolate, appressed to stem, costa stout, reaching apex, stems to 25 mm long, plants (Fig. 39.2)
erect, of more or less marked zonate appearance, branched, often with tomentum, central
strand (Fig. 39.3) developed. Leaves (Figs. 39.4-5) 1.6-2.0 mm long, lower stem leaves
muticous, comal leaves with short hair-point, crowded, slightly contorted, loosely arranged
on stem when dry, scarcely moving when moistened, stiff, erect or erectopatent when wet,
lanceolate from elongate-ovate leaf base, tapering to acute apex, hair-point short, denticulate;
leaf form in situ (Fig. 39.6) in leaf base concave, widely keeled in laminal part, margin on
broad side from insertion to mid-leaf slightly recurved, opposite side plane ; basal paracostal
cells (Fig. 39.7) elongate-rectangular, towards margin shorter, at margin rectangular, 2-3 rows
hyaline, vanishing in broadest part of leaf, all walls smooth, in transitional part (Fig. 39.7)
cells rectangular with sinuouse walls, near margin cells isodiametric with smooth walls,
apical cells rounded, thick-walled; seen in transverse section (Fig. 39.8), leaf base unistratose,
lamina irregularly bistratose by doubled longitudinal cell rows, appearing in surface view
as irregular ridges on lamina, (Figs. 39.9, 39.17), exterior walls of lamina cells markedly
mammillose, margin unistratose in leaf base, bi- to quadristratose in laminal part. Costa,
seen on dorsal side (Figs. 39.4-5), small in leaf base, enlarged in laminal part (Fig. 39.10),
excurrent, seen in transverse section (Fig. 39.8), on dorsal side prominent, rounded, mammillose, on ventral side at insertion and in leaf base channelled, in laminal part narrowly
channelled, at insertion 4 guide cells, reduced to 2 at apex, costal cells homogeneous except
some substereids in leaf base, hydroids present or lacking.
Sporophyte. Seta (Fig. 39.2) to 2.5 mm long, straight when dry, curved when
wet. Capsule exserted, horizontal, ovoid, smooth (GREVEN, 2003 : 182) exothecial cells
(Fig. 39.11) irregular, walls thickened, stomata numerous at short neck, annulus of 2-3 rows
of cells, detaching singly. Calyptra probably cucullate (immature state seen). Operculum
conical, blunt. Peristome (Fig. 39.12) teeth lanceolate, trabeculae thin, dorsal and ventral
sides papillose, seen in longitudinal section (Fig. 39.13), teeth inserted just below orifice,
1 layer of cells between exothecium and teeth present, the outer plates thicker than inner
plates, trabeculae in lower part distant, slightly protruding. Spores 12-16 μm, granulose.
Diagnostic characters.– Gametophyte. Leaves with recurved margins on narrow side,
cells in transitional part with sinuose walls, lamina irregularly bistratose by doubled longitudinal cell rows, appearing in surface view as irregular ridges on lamina, lamina cells mammillose. Costa: hydroids present or lacking.
Comparison of the specimens examined with the type specimen of G. percarinata shows
correspondence in leaf shape (Fig. 39.14), cells in leaf base (Fig. 39.15), costal architecture
(Fig. 39.16).
Note.– The Figures 39.12-13 are reproduced from MAIER (2002b: 213, Fig. 20.12-13).
Comment.– As no mature sporophytes were at hand, drawings of the sporophyte characters are based on a not completely mature capsule, therefore the description of the sporophyte
should be regarded with caution.
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Distribution.– Asia: Bhutan, India, Japan, Nepal.
Habitat and substrate.– On boulders in shady and damp places, along river banks, on
rocky scree; on siliceous rock, from 3200 to 4800 m.
Specimens examined (24), selected for description : NEPAL. Chilime Khola, from
damp rocks, c. 14.500 ft., 1949, Polunin M146 (BM) ; Sankhuwasabha District : Pemathang Kharka, S side of Barun Khola, 27°44’N, 87°12’E, bouldery river bank, on boulder,
c. 3400 m, 28.IX.1991, Long 20720 (E, G).

40. Grimmia pilifera P. Beauv., Prodr. Aethéogam.: 58. 1805 (Figs. 40.1-14).
 Grimmia apocarpa var. pilifera (P. Beauv.) Brid., Muscol. Recent. Suppl. 1: 97. 1806.
Type : [U.S.A.]: America Borealis, s.d., Palisot de Beauvois s.n. (Lecto-: B [herb.
Bridel, B3103001]) (lectotypified by MUÑOZ & ZIPPEL, 2006: 561) (Figs. 40.30-32,
from Palisot de Beauvois s.n., B).
 Grimmia pensilvanica Schwägr., Sp. Musc. Frond. Suppl. 1(1): 91. 1811.
Type : [U.S.A.]: Grimmia pensilvanica Mhlbg. Februar n. 26, II., [Mühlenberg] 26
(Lecto-: G, lectotype ammended and newly synonymized here) (original lectotype
selected by CAO & WITT, 1986: 144) syn. nov. (Figs. 40.15-17, from Mühlenberg
26, G).
 Grimmia arizonae Renauld & Cardot in Rev. Bryol. 19: 85. 1892.
Type: U.S.A.: Fort Grand, (Arizonae) près du Mexique, s.d., La Forêt s.n. (Lecto-:
PC; isolecto, FH) (lectotypified and synonymized by MUÑOZ, 1999a: 161) (Figs. 40.1820, from La Forêt s.n., PC).
 Grimmia atroviridis Cardot in Bull. Herb. Boissier ser. 2, 8: 333. 1908.
Type : [SOUTH KOREA]: Ile Quelpaert, 1906, Faurie 209 (Lecto-: PC ; syn-: HBR, Faurie 91) (lectotypified and synonymized by DEGUCHI, 1986: 327) (Fig. 40.21,
from Faurie 209, PC).
 Grimmia arsenei Cardot in Rev. Bryol. 40: 37. 1913.
Type : MEXICO. [State of Michoacàn]: Environs de Morelia, 1911, Arsène 3
(Lecto-: PC) (lectotypified and synonymized by MUÑOZ, 1999a : 161) (Figs. 40.2223, from Arsène 3, PC).
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 Grimmia santaritae E. B. Bartram in Bryologist 27: 60. 1924.
Type : [U.S.A.]. Arizona : White House Canyon, Santa Rita Mountains, Santa Cruz
County, 4500 ft., dry rock faces, 20.II.[1920*]1923, Bartram 694 (Lecto-: FH)
(lectotypified and synonymized by MUÑOZ, 1999a : 161) (Fig. 40.24, from Bartram
694, FH). (*1920 is an error of E. B. Bartram.)
 Grimmia elatior var. squarrifolia Dixon & Thér. in Hong Kong Naturalist, Suppl. 2 :
10. 1933.
Type : CHINA : Amoy Island, 450-500 ft. alt., 8.VII.1931, Herklots B.8 A (Holo-:
BM, not seen ; iso-: G) (lectotypified by CAO & WITT, 1986: 144) (synonymized by
DEGUCHI, 1979: 201) (Figs. 40.25-27, from Herklots B.8 A, G).
 Grimmia eurybasis Dixon & Sakurai in Bot. Mag. (Tokyo) 53: 287. 1939.
Type : [JAPAN]. Kyusyu : Higo, Isyoti, on rock, 23.II.1936, Mayebara under Sakurai
9506 (Holo-: MAK) (lectotypified and synonymized by DEGUCHI, 1979 : 201) (Figs.
40.28-29, from Sakurai 9506, MAK).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 40.1) to 3 mm
long, slightly sheathing to the narrowed apical part, at margin from insertion to mid-leaf
some rows of hyaline cells, costa excurrent into stout, long, denticulate hair-point ; male :
perigonia as multifoliose buds on short stalks, terminal and in leaf axils, innermost perigonial
leaf (Fig. 40.2) 1.2 mm long, sheathing to broadest part of leaf, concave, broad-ovate, tapering to muticous apex, hyaline in lower part, costa percurrent, antheridia with few paraphyses.
Growth form : cushions lax, disintegrating easily, stems to 40 mm long, plants erect or
ascending, branched (Fig. 40.3), central strand (Fig. 40.4), in reddish-brown epidermis and
cortex, not or only faintly developed. Leaves (Fig. 40.5) to 4 mm long, small in lower part of
stem, becoming gradually longer, sheathing part appressed to stem, laminal part loosely
arranged, scarcely contorted when dry, rapidly bending backwards when moistened, spreading to patent when wet, from broad, ovate leaf base narrowed to lanceolate laminal part, thus
forming more or less strongly expressed shoulder, tapering to rounded apex, hair-point short
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Figure 40.– Grimmia pilifera P. Beauv. 1, perichaetial leaf ; 2, perigonial leaf ; 3, plant with sporophyte ; 4, transverse
section of stem; 5, leaves; 6, outlines of transverse leaf sections; 7, cells in leaf base; 8, cells in transitional part; 9-11, transverse
sections of leaf; 12, transverse sections of costa at insertion; 13, epidermal cells of seta; 14, exothecial cells.
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to elongate, occasionally brownish, sharply denticulate ; leaf form in situ (Fig. 40.6) at insertion and in leaf base slightly concave or concave, in laminal part widely keeled or keeled,
mostly narrowly so in apical part, margin from leaf base to broadest part of leaf on both sides
recurved, occasionally one side only slightly so ; basal cells (Fig. 40.7) elongate-rectangular,
walls thickened and nodulose, near margin at extreme base some cell rows rectangular,
becoming quadrate to broadest part of leaf, walls thickened and smooth, cells in transitional
(Fig. 40.8) and lower part of lamina rectangular, strongly sinuose, in upper part shortrectangular, walls sinuose, at apex isodiametric, lumina rounded ; seen in transverse sections
(Figs. 40.9-12), leaf base unistratose, lamina bistratose in places or completely bistratose,
margin in leaf base unistratose, in laminal part 2 or more cell rows bistratose, occasionally
even tri- to quadristratose. Costa, seen on dorsal side (Fig. 40.5), stout, of uniform width,
excurrent, seen in transverse sections (Figs. 40.9-12), in leaf base and lower part of lamina
rounded, in upper laminal part angulate, on ventral side channelled, at insertion widely so, at
insertion occasionally 8 ventral cells, 6 of them are guide cells, the 2 median ones markedly
large, from leaf base to apex 2 guide cells, besides some substereids, costal cells rather uniform, apex occasionally subulate, hydroids lacking.
Sporophyte. Seta 0.5 mm long, shorter than capsule, not twisted when dry, straight
or slightly curved when wet, epidermal cells (Fig. 40.13) turning to the right, vaginula
swollen, ovoid, with ochrea. Capsule (Fig. 40.3) immersed, erect, ovoid, smooth, exothecial
cells (Fig. 40.14) irregular, walls thin, stomata numerous at base of capsule, neck lacking
or very short, annulus of 2 or 3 rows of cells, detaching as groups. Calyptra mitrate (in
DEGUCHI 1979 : 203). Operculum conical, rostrate, base uneven, formed by 2 rows of
small, isodiametric cells, in conical part cells rectangular, penta- or hexagonal, thin-walled.
Peristome (MAIER, 2002b : 215, Fig. 21.16) teeth spreading when dry, broad at insertion,
elongate-lanceolate, in upper part split into 2 divisions, below perforate, separated down to
the insertion, trabeculae of the 4 lowest plates small, above thin, lower dorsal plates smooth,
consequent plates with scattered papillae, upper dorsal half densely covered with confluent
papillae, ventral side covered with fine papillae, seen in longitudinal section (MAIER, 2002b :
215, Fig. 21.17), teeth inserted just below orifice, 2 layers of cells between exothecium
and teeth present, the outer plates much thicker than inner plates, trabeculae close together,
protruding. Spores 13-18 μm, nearly smooth.
Diagnostic characters.– Gametophyte. Leaves with recurved margins from leaf base to
broadest part of leaf on both sides, occasionally only weakly so on one side. Costa from above
insertion to apical part with 2 guide cells, hydroids lacking. Sporophyte. Seta of the same
length as the capsule. Calyptra mitrate.
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Figure 40. cont.– Grimmia pilifera P. Beauv. 15, leaf ; 16, cells in leaf base ; 17, transverse section of leaf ; 21, transverse
section of leaf; 22, leaf; 23, transverse section of leaf; 27, transverse section of leaf; 28, leaf.
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Comparison of the specimens examined with the type specimen of G. pilifera shows correspondence in leaf shape (Fig. 40.30), cells in leaf base (Fig. 40.31), and costal architecture
(Fig. 40.32).
Argumentation for synonymy.– The type specimens of G. pensilvanica, G. arizonae
and G. elatior var. squarrifolia show correspondence in leaf shape (Figs. 40.15, 40.18,
40.25), cells in leaf base (Figs. 40.16, 40.19, 40.26), and costal architecture (Figs. 40.17,
40.20, 40.27) with the type specimen of G. pilifera. The type specimens of G. arsenei and
G. eurybasis show correspondence in leaf shape (Figs. 40.22, 40.28), and costal architecture
(Figs. 40.23, 40.29) with the type specimen of G. pilifera. The type specimens of G. atroviridis and G. santaritae show correspondence in costal architecture (Figs. 40.21, 40.24) with
the type specimen of G. pilifera.
Comments.– CAO & VITT (1986 : 144) selected the specimen “Grimmia pensylvanica
mihi” (i.e. Schwägrichen) from the herbarium Duby-Boissier that is in an atypical herbarium
packet (for the Hedwig-Schwägrichen collection) and labelled in an unknown hand as the
lectotype for G. pensilvanica. Also in G authentic material from the Hedwig-Schwägrichen
herbarium labelled “Grimmia pensilvanica Mhlbg. Februar n. 26” and written in the hand of
Schwägrichen is present. The label information corresponds well with the protologue and this
material is considered here to represent the original material seen by Schwägerichen for
his name of G. pensilvanica. The material previously selected as lectotype is not labelled in
the hand of Schwägrichen. It is material that originates from a herbarium other than that of
the Hedwig-Schägrichen collection and both the label information and the name noted on
the packet do not correspond well with the protologue. Mühlenberg as a collector is missing
and the name on the label is ‘pensylvanica‘ and not pensilvanica which all indicates that this
specimen is other than original material. According to the ICBN article 9.17 (GREUTER &
HAWKSWORTH, 2000) the choice of a lectotype can be superseded if the holotype or any of
the original material is rediscovered. Here an amendment to the lectotype of G. pensilvanica
is proposed to reflect the presence of the original material seen by Schwägrichen in G. On
the original herbarium sheet of G. pensilvanica eight specimens are glued, one with a capsule
present. All these specimens are G. pilifera. The specimen with the capsule on the sheet
labelled “Grimmia pensilvanica Mhlbg. Februar n. 26”, is here chosen as the lectotype.
In this species stratosity of the leaf margin is variable, bistratose to quadristratose cell
rows may be observed.
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Figure 40. cont.– Grimmia pilifera P. Beauv. 18, leaf ; 19, cells in leaf base ; 20, transverse section of leaf ; 24, transverse
section of leaf; 25, leaf; 26, cells in leaf base; 29, transverse section of leaf.
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As no capsule bearing plants were found the description of the peristome characters are
based on a unique capsule. Drawings of the peristome characters have been published in MAIER
(2002b: 215). The description of the calyptrae is from DEGUCHI (1979: 202-203).
Distribution.– Asia : Bhutan, China (Amoy Island, Yünnan), India, Japan, South Korea
([Quelpart] Cheju). Central America : Mexico. North America : U.S.A. (Arizona, Michigan,
Minnesota, Missouri, New York, North Carolina, Ontario, Pennsylvania, Wisconsin).
Habitat and substrate.– On rock in alpine regions in shade, in deciduous forests, near
rivers on wet rock, in rock crevices; on siliceous rock, sandstone, from 60 to 1300 m.
Specimens examined (45), selected for description : U.S.A. Missouri : St. Clair County.
Buzzard Bluff. Ca. 2.5 mi. SW of Raney, SE 1/4 sect. 35, T.37 N., R. 26 W. Open sandstone,
along bluff, 30.V.1973, Redfearn 28526 (G, MO) ; North Carolina : Avery County, south
slope of Grandfather Mt. Large boulder in birch successional forest about 4000 feet,
7.V.1981, Anderson 23846 (G) ; Pennsylvania : Grimmia Pensylvanica mihi (i.e. Schwaegr.)
[illegible] rupestris v. H. fil. e Pensylvania, s.d., Schwägrichen s.n. (G); Grimmia pennsylvanica,
ad rupes madidas in umbrosis montanis, s.d., Sullivant & Lesquereux 210 (G).

Figure 40. cont.– Grimmia pilifera P. Beauv. 30, leaf; 31, cells in leaf base; 32, transverse section of leaf.
[1, 3, 6, 13-14, Sullivant & Lesquereux 210 (G) ; 2, 4-5, 7-9, Anderson 23846 (G) ; 10, Redfearn 28526 (G, MO) ;
11-12, Schwägrichen s.n. (G). Analysis of the type specimens : Grimmia pensilvanica Schwägr.: 15-17, Mühlenberg 26 (G) ;
Grimmia arizonae Renauld & Cardot : 18-20, La Forêt s.n. (PC) ; Grimmia atroviridis Cardot : 21, Faurie 209 (PC) ; Grimmia
arsenei Cardot : 22-23, Arsène 3 (PC) ; Grimmia santaritae E. B. Bartram : 24, Bartram 694 (FH) ; Grimmia elatior var. squarrifolia Dixon & Thér.: 25-27, Herklots B.8 A (G) ; Grimmia eurybasis Dixon & Sakurai : 28-29, Mayebara under Sakurai 9506
(MAK); Grimmia pilifera P. Beauv.: 30-32, Palisot de Beauvois s.n. (B)]
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41. Grimmia plagiopodia Hedw., Sp. Musc. Frond.: 78. 1801 (Figs. 41.1-17).
Type : [GERMANY]. Saxony : Grimmia plagiopus a H[edwi]g l. n. b a Flörkio, s.d.,
Flörkio s.n. (Lecto-: G, lectotypified here) (Figs. 41.18-21, from s.coll. s.n., G).
 Grimmia apocaula DC. in Lam. & DC., Fl. Franç. ed. 3, 2: 458. 1805.
Type : GERMANY: Hedwig f., s.d., s.coll. s.n. (Lecto-: G) (lectotypified and
synonymized by BLOM, 1996 : 261) (Fig. 41.22, from lectotype s.coll. s.n., G).
 Grimmia argentea R. Br. bis in Trans. & Proc. New Zealand Inst. 27: 412. 1895.
Type : [NEW ZEALAND]. Canterbury : Limestone rocks near Castle Hill west
Coast Road (from Christchurch), XI.1889, Brown s.n. (Lecto-: H-BR) (lectotypified
by MUÑOZ & PANDO, 2000: 64) (synonymized by OCHYRA, 1993 : 22) (Fig. 41.23,
from Brown s.n., H-BR).
 Grimmia nivea Dusén in Bot. Not. 1905: 303. 1905.
Type : ARGENTINA. Patagonia austr.: Sta. Cruz, arro [arrayo] Pelque, 16.I.1905,
Dusén s.n. (Holo-: S; iso-: PC) (synonymized by DEGUCHI, 1984: 22) (Figs. 41.24-25,
from Dusén s.n., S).
 Grimmia plagiopodia var. antarctica E. B. Bartram in Bryologist 60: 141. 1957.
Type : [EAST ANTARCTICA]: [Edward VII Peninsula, Ruppert Coast] Mt. Marujupu, in crevices on granite near rockery, 27.XI.1940, Perkins B37.1 (Holo-: FH)
(synonymized by OCHYRA, 1993: 22) (Figs. 41.26-27, from Perkins B37.1, FH).
Gametophyte. Monoicous. Female: innermost perichaetial leaf (Fig. 41.1) 1.5 mm long,
concave, sheathing and hyaline to broadest part of leaf, concave, costa small, enlarged in apical
part, excurrent into elongate smooth hair-point; male : perigonia in multifoliose buds in axils
of short branches originating on stem below perichaetium, innermost perigonial leaf (Fig. 41.2)
0.8 mm long, sheathing and hyaline to broadest part of leaf, concave, costa thin, percurrent,
mucronate, antheridia with few paraphyses. Growth form: cushions dense, young shoots originating from older stem parts or in leaf axils on upper part of stem, their leaflets muticous, stems

0.1 mm
4, 8-13, 16-17, 25

0.4 mm
7

1 mm
1-2, 5-6, 14-15,
18-19, 24

Figure 41.– Grimmia plagiopodia Hedw.: 1, perichaetial leaf ; 2, perigonial leaf ; 3, plant with sporophyte ; 4, transverse
section of stem ; 5, lower leaf ; 6, upper leaf ; 7, outlines of transverse leaf sections ; 8, cells in leaf base ; 9-10, transverse sections
of leaf; 11, epidermal cells of seta; 12, exothecial cells, walls thin; 13, exothecial cells, walls thickened; 14, calyptra; 15, operculum ; 16, peristome teeth, outer side ; 17, peristome tooth, longitudinal section ; 18, lower leaf ; 19, upper leaf ; 24, leaf ;
25, transverse section of leaf.
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to 12 mm long, plants (Fig. 41.3) often embedded in fine substrate, radiculose at base, ascending, branched, central strand (Fig. 41.4) developed. Leaves (Fig. 41.5) in lower part of stem
muticous, gradually reaching to 1.2 mm long at stem tip (Fig. 41.6), developing hair-points,
densely arranged, imbricate, appressed to stem when dry, slightly moving from stem when
moistened, erect when wet, from short, broad leaf base obovate, broadest at mid-leaf, slightly
asymmetric, one side rounded, opposite side rather flat, at apex some hyaline cells present or
with a short to elongate hair-point, broadly attached, bluntly denticulate ; leaf form in situ
(Fig. 41.7), concave at insertion and in leaf base, in laminal part widely keeled, margins plane;
basal paracostal cells (Fig. 41.8) short-rectangular near the insertion, quadrate to broadest part of
leaf, walls moderately thickened, smooth, in upper laminal part lumina rounded, walls thickened,
smooth or slightly sinuose, seen in transverse section (Figs. 41.9-10), leaf base unistratose, in
lower laminal part some cell rows bistratose, apical part may be bistratose. Costa, seen on dorsal
side (Fig. 41.6), thin in leaf base, broadened in laminal part, enlarged in apical part, excurrent
through hyaline apex into bluntly denticulate hair-point, in muticous leaves not reaching apex,
seen in transverse sections (Fig. 41.9), on dorsal side rounded, on ventral side in leaf base and
lower part of leaf widely channelled, in upper part channelled, at insertion 4 guide cells, the
2 outer ones contiguous with the basal cells and a median group of hydroids present throughout.
Sporophyte. Seta to 0.6 mm, not twisted when dry, curved (S-form) when wet, epidermal
cells (Fig. 41.11) arranged parallel to axis, vaginula 0.3 mm long, ovoid, with orchrea. Capsule
immersed, obloid, ventricous, leptodermous, smooth, exothecial cells mostly elongate-rectangular
or of irregular shape, with thin (Fig. 41.12) or thickened walls (Fig. 41.13), seen in transverse
section of capsule, exterior walls smooth, stomata large, at transition between seta and base of
capsule, neck lacking, annulus of 2 rows of hyaline, isodiametric cells with wide lumina, hardly
disintegrating, detaching singly. Calyptra (Fig. 41.14) mitrate, covering operculum. Operculum
(Fig. 41.15) conical, mammillate, base smooth, formed by 2 or 3 marginal rows of rounded cells,
in conical part cells of irregular shape, walls strongly thickened. Peristome (Fig. 41.16) teeth
erect to spreading when dry, broad at base, lanceolate, in upper half perforate or split into 2 or
3 divisions, separated down to insertion, trabeculae thin, lower third of dorsal side smooth, upper
two-thirds of dorsal and ventral sides densely covered with very fine, granulate papillae, seen in
longitudinal section (Fig. 41.17), teeth inserted below orifice, 1 layer of cells between exothecium and teeth present, the outer plates thicker than inner plates, trabeculae distant throughout,
scarcely protruding. Spores 10-12 μm, smooth.
Diagnostic characters.– Gametophyte. Leaves in lower stem part muticous, all leaves
concave up to the apical part. Sporophyte. Peristome teeth with very fine, granulate papillae.

Figure 41. cont.– Grimmia plagiopodia Hedw.: 20, cells in leaf base ; 21-23, transverse sections of leaf ; 26, leaves ;
27, transverse section of leaf.
[1-2, Héribaud s.n. (G) ; 3, 7, 14, 17, Schliephacke s.n. (M) ; 4-6, 8, 13, 15, Sayre 331 (G) ; 9, 11, Papp & Erzberger
10309 (G, Papp & Erzberger) ; 10, 12, 16, Orloff s.n. (Z). Analysis of the type specimens : Grimmia plagiopodia Hedw.:
18-21, s.coll. s.n. (G); Grimmia apocaula DC.: 22, s.coll. s.n. (G); Grimmia argentea R. Br. bis: 23, Brown s.n. (H-BR); Grimmia
nivea Dusén: 24-25, Dusén s.n. (S); Grimmia plagiopodia var. antarctica E. B. Bartram: 26-27, Perkins B37.1 (FH)]
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Comparison of the specimens examined with the type specimen of G. plagiopodia shows
correspondence in leaf shape (Figs. 41.18-19), cells in leaf base (Fig. 41.20), and costal
architecture (Fig. 41.21).
Argumentation for synonymy.– The type specimens of G. apocaula and G. argentea
show correspondence in costal architecture (Figs. 41.22, 41.23) with the type specimen of
G. plagiopodia. The type specimens of G. nivea and G. plagiopodia var. antarctica show
correspondence in leaf shape (Figs. 41.24, 41.26), and costal architecture (Figs. 41.25,
41.27) with the type specimen of G. plagiopodia.
Comments.– On the herbarium sheet of G. plagiopodia are eight elements consisting of
three plant specimens and five missing specimens where traces of the original plants can be
seen. Numbered 1-8 from left to right, stem 1-4 and 6 are missing, stem 5 is 12 mm long,
stem 7 is 10 mm long, stem 8 is 12 mm long. Stems 5, 7, and 8 are all G. plagiopodia and
here stem 8 is selected as the lectotype of G. plagiopodia. This stem conforms to both the
protologue and the modern concept of G. plagiopodia. A tuft ‘b’, and annotated ‘a Flörkio’
had been added below later, likely by Schwägrichen. DEGUCHI (1984: 22) wrongly cited these
elements as the holotype.
MUÑOZ & PANDO (2000: 64) designated specimens of G. plagiopodia, housed in
GOET ! and JE, as isotypes. On the label is noted the collecting place ‘Jena’ which is in
Thuringia and not in Saxony as required by the protologue.
Following BLOM (1996 : 261), the epithet apocaula goes back to Hoffmann’s Bryum
apocaulon (HOFFMANN, 1796 : 30) and is cited in CANDOLLE (1805 : 458). The collecting
region (Germany) is taken from Hoffmann.
Distribution.– Asia : Turkey. Australia : New Zealand. Europe : France, Germany,
Hungary, Slovakia. North America : U.S.A. (Colorado, Montana, Nebraska, Wyoming).
Antarctica: Mt. Marijupu. South America: Argentina (Patagonia).
Habitat and substrate.– Walls of old constructions, on stones in arid grasslands, dry rocks;
on andesite, sandstone and finely erroded sandstone, siliceous rocks, from 150 to 1500 m.
Specimens examined (35), selected for description : FRANCE. Auvergne : Puy-deDôme, vieux murs à Beaumont, près de Clairmont-Ferrand, 2.II.1911, Héribaud s.n. (G).
GERMANY. Bavaria : Rosenau bei Coburg, auf einem Markstein, s.d., Orloff s.n. (Z) ;
Saxony : in vicin arcis Schönburg prope Naumburgum ad Salam ad saxa “Rother Sandstein”,
6.V.1880, Schliephacke s.n. (M). HUNGARY: Burg Visegrád, Burgmauer aus anstehendem
Silikatgestein, 47°47’38,9”N, 18°58’47,0”E, 335 m, 2.VIII.2004, Papp & Erzberger 10309
(Erzberger, G). U.S.A. Colorado : On dry Lamari sandstone, White Rocks, N.E. of Boulder,
14.V.1937, Sayre 331 (G).
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42. Grimmia pulla Cardot in Rev. Bryol. 36: 106. 1909 (Figs. 42.1-6).
Type : MEXICO. State of Hidalgo : River ledges, near Honey Station, 7000 ft.,
12.XII.1907, Pringle 10423 (Isolecto-: BM, G, M) (lectotypified by MUÑOZ, 1999a:
167) (Figs. 42.1-6, from Pringle 10423, G).
Gametophyte. Dioicous. Female : perichaetia not seen ; male : perigonia not seen.
Growth form : tufts dense, compact, adhering to substrate with rhizoids, stems to 15 mm
long, plants at base with rhizoids, branched, central strand well-developed (Fig. 42.1). Leaves
(Fig. 42.2) to 2 mm long, erect, loosely arranged on stem, the apical part flexuose when dry,
bending backwards when moistened, spreading to wide-spreading when wet, broad-lanceolate
from elongate, slightly sheathing and decurrent leaf base, tapering to acuminate or acute apex
with short (Fig. 42.3), brownish, irregularly and bluntly serrate leaf point ; leaf form in situ
(Fig. 42.4) in leaf base and laminal part widely keeled throughout, margins on one or both
sides from below to above mid-leaf slightly recurved; basal paracostal cells (Fig. 42.5) rectangular, walls scarcely nodulose, towards margin cells becoming short-rectangular, above leaf
base isodiametric, walls slightly sinuose, in laminal part isodiametric, smooth-walled, lumina
rounded-ovale ; seen in transverse section (Fig. 42.6), leaf base and lamina unistratose, few
marginal cell rows bistratose. Costa, seen on dorsal side (Fig. 42.2), of nearly uniform width,
percurrent, seen in transverse section (Fig. 42.6), dorsal side rounded, on ventral side widely
channelled, at insertion and in leaf base 4 guide cells, a median star-shaped hydroid present,
vanishing in laminal part.
Sporophyte : not seen.
Diagnostic character.– Gametophyte. Leaves with a short, mostly brownish, irregularly
and bluntly serrate leaf point. Sporophyte. Not seen.
Comments.– Besides the type specimens no other material was available for an expanded
description. The description of the gametophyte is supported by the protologue. The description of the sporophyte published by CRUM (1994 : 406), cites the characters of a species
pertaining to the subgenus Rhabdogrimmia sensu Limpricht.
A specimen housed in BM under G. pulla, collected in Mexico, at Contreras, vallée de
Mexico, by Frère Amable (no. 1475), 28.I.1926 turned out to be G. consobrina. The specimen is
of interest in so far as CARDOT (1909: 106) remarks that [G. pulla] is the only Mexican species
that could be linked to G. imberbis (= G. consobrina). Without regard to the particular leaf apex
the gametophyte characters suggest an affinity of G. pulla to G. pygmaea Müll. Hal.
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Figure 42.– Grimmia pulla Cardot: 1, transverse section of stem; 2, leaves ; 3, cells at apex; 4, outlines of transverse leaf
sections; 5, cells in leaf base; 6, transverse section of leaf.
[Analysis of the type specimen : Grimmia pulla Cardot: 1-6, Pringle 10423 (G)]
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Distribution.– North America: Mexico.
Habitat and substrate.– Following CRUM (1994 : 408), on lava rock and other noncalcareous rocks, from 2000-3400 m alt.
Specimen examined : MEXICO : State of Hidalgo. River ledges, on trees, near Honey
Station, 7000 ft., 12.XII.1907, Pringle 10423 (G).

43. Grimmia pulvinata (Hedw.) Sm. in Sm. & Sowerby, Engl. Bot.: sub tab. 1728. 1807
(Figs. 43.1-19, 36 ; Fig. 44.36).
 Fissidens pulvinatus Hedw., Sp. Musc. Frond.: 158. 1801.
Type: s.d., s.coll. s.n. (Lecto-: G) (lectotypified by CAO & VITT, 1986: 191) (Figs. 43.2022, from lectotype s.coll. s.n., G, reproduced from GEISSLER & MAIER, 1995: 511).
 Fissidens pulvinatus var. africanus Hedw., Sp. Musc. Frond.: 159. 1801.
Type : [SOUTH AFRICA]: Ad Cap. bonae Spei lecta, specimina misit O. Swartz,
s.d., Swartz s.n. (Lecto-: G) (lectotypified by MUÑOZ, 1999a : 168) (synonymized by
MAGILL, 1981: 275) (Figs. 43.23-25, from lectotype Swartz s.n., G).
 Grimmia ecklonii Spreng., Syst. Veg. 4: 321. 1827.
Type : [SOUTH AFRICA]: “Swellendam”, s.d., Ecklon s.n. (Lecto-: BM ; isolecto-:
BM) (lectotypified and synonymized by MUÑOZ & PANDO, 2000: 67) (Fig. 43.26,
from Ecklon s.n., BM).
 Grimmia cygnicolla Taylor in London J. Bot. 5: 45. 1846.
Type : [AUSTRALIA]: Swan River, 19.XII.1845, Drummond s.n. (Lecto-: FH ;
isolecto-: H-SOL) (lectotypified and synonymized by M UÑOZ , 1999a : 168)
(Fig. 43.27, from Drummond s.n., FH).
 Grimmia callosa Müll. Hal. & Hampe in Linnaea 26: 498. 1853.
Type : [AUSTRALIA]: Barossa-range Australiae felicis : Ferd. Müller, s.d., Müller s.n.
(Lecto-: JE) (lectotypified and synonymized by MUÑOZ, 1999a : 168) (Fig. 43.28,
from Müller s.n., JE).

Figure 43. (p. 290).– Grimmia pulvinata (Hedw.) Sm.: 1, perichaetial leaf ; 2, perigonial leaf ; 4, transverse section of
stem; 5, leaf; 6, outlines of transverse leaf sections; 7, cells in leaf base; 8, cells in transitional part; 9, transverse section of leaf;
10, exothecial cells; 11, stoma; 12, calyptrae; 13, operculum; 14, cells of operculum at base; 15, peristome teeth, outer side.
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 Guembelia obtusata Müll. Hal. & Hampe in Linnaea 26 : 497. 1853.  Grimmia
obtusata (Müll. Hal. & Hampe) A. Jaeger in Ber. Thätigk. St. Gallischen Naturwiss.
Ges. 1872/73: 70. 1874.
Type : AUSTRALIA. Victoria : Australia felix, s.d., F. Müller 7b (Lecto-: MEL)
(lectotypified and synonymized by MUÑOZ & PANDO, 2000: 68) (Fig. 43.29,
from Müller 7b, MEL).
 Grimmia aurasia Besch., Cat. Mouss. Alg.: 17. 1882.
Type: [ALGERIA]: Aurès ex herb. Bescherelle, s.d., Balansa s.n. (Lecto-: PC) (lectotypified and synonymized by MUÑOZ, 1999a: 168) (Fig. 43.30, from Balansa s.n., PC).
 Grimmia pulvinata var. asphaltita Renauld & Cardot in Bull. Soc. Roy. Bot. Belgique
33: 118. 1895.
Type : [JORDAN]: Plantae Deserti Maris Mortui. Entre Hebron et Zuweirat-elFoga, 22.VIII.1892, [Post] 417 (Lecto-: PC, not seen; isolecto-: G) (lectotypified and
synonymized by MUÑOZ & PANDO, 2000: 69) (Fig. 43.31, from [Post] 417, G).
 Grimmia tasmanica Müll. Hal. in Hedwigia 37: 159. 1898.
Type: [AUSTRALIA]. Tasmania: wall of the catholic cimetory [sic], 1890, Weymouth
s.n. (Lecto-: PC, not seen; isolecto-: S) (lectotypified and synonymized by MUÑOZ &
PANDO, 2000: 69) (Fig. 43.32, from Weymouth s.n., S).
 Grimmia woollsiana Müll. Hal. in Hedwigia 37: 162. 1898.
Type: AUSTRALIA: New South Wales, s.d., Woolls s.n. (Lecto-: H-BR; isolecto-: JE)
(lectotypified and synonymized by MUÑOZ, 1999a: 168) (Fig. 43.33, from Woolls s.n., JE).
 Grimmia pulvinata var. sardoa Herzog in Ber. Zürcherischen Bot. Ges. 9: 47. 1905.
Type : [ITALY]. Sardinien : Auf Felsblöcken (Jurakalk) am Waldrand unter den
Tonneri, am Weg zur Perdaliana, ca. 1100 m, 15.IV.1904, Herzog s.n. (Holo-: JE)
(synonymized by MUÑOZ & PANDO, 2000: 70) (Fig. 43.34, from Herzog s.n., JE).

0.1 mm
28, 30-34, 44.36

Figure 43. cont. (p. 291).– Grimmia pulvinata (Hedw.) Sm.: 3, plant with sporophyte; 18-19, persistome teeth, longitudinal
sections; 20, leaf; 21, cells in leaf base; 22, transverse section of leaf; 23, leaf; 24, cells in leaf base; 25-27, transverse sections of leaf.
Figure 43. cont. (p. 293).– Grimmia pulvinata (Hedw.) Sm.: 28, transverse section of leaf ; 30-34, transverse sections of
leaf; 44.36, transverse section of leaf (see p. 304).
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Gametophyte. Monoicous. Female : innermost perichaetial leaf (Fig. 43.1) 2.2-2.5 mm
long, sheathing to apical part, tubulose, costa excurrent into long, denticulate hair-point,
hyaline in lower part of leaf ; male : perigonia as buds of 4 or 5 leaves on short stalks in leaf
axils on stem of fruiting plants more or less approached to perichaetium, innermost perigonial
leaf (Fig. 43.2) 1 mm long, sheathing to apex, concave, ovate, apex acute or mucronate, costa
ending below apex, hyaline except at apex, antheridia with few paraphyses. Growth form :
cushions dense, lax, young shoots originating from older plant parts, leaflets lanceolate, acute,
appressed to stem of shoot, in apical part erectopatent, stems to 15 mm long, plants
(Fig. 43.3) radiculose at base, erect, branched in upper part, central strand (Fig. 43.4) developed. Leaves (Fig. 43.5) in lower part of stem small, with hair-point, becoming gradually
longer, to 2.5 mm long, crowded, loosely arranged on stem, upper part of leaf slightly
flexuose when dry, apical part quickly bending backwards when moistened, erectopatent
when wet, from short, ovate leaf base broad-lanceolate or lanceolate, apex obtuse, hair-point
denticulate ; leaf form in situ (Fig. 43.6) in leaf base widely concave or concave, laminal part
widely keeled, margins recurved, on one side from insertion or leaf base, on opposite side
from above leaf base, on both sides to above mid-leaf; in leaf base (Fig. 43.7) some paracostal
cell rows of slightly elongate-rectangular cells, towards margin rectangular or short-rectangular, at margin some rows of nearly quadrate cells, transverse walls thickened, all walls smooth,
in transitional part cells (Fig. 43.8) rectangular, walls sinuose, in laminal part mostly isodiametric, walls somewhat sinuose, thickened, at apex cells isodiametric, lumina rounded ; seen
in transverse section (Figs. 43.9, 43.35), lamina unistratose, occasionally a bistratose cell row
present, margin at insertion and in leaf base unistratose, in laminal part some marginal cell
rows bi- or tristratose. Costa, seen on dorsal side (Fig. 43.5), of nearly uniform width, in leaf
base slightly smaller, percurrent, seen in transverse section (Fig. 43.9), dorsal side rounded,
ventral side at insertion and in leaf base slightly concave, in laminal part above widest part of
leaf widely channelled, at insertion and in leaf base 4 guide cells, in laminal part reduced
to 2 guide cells, at insertion and in leaf base a small band of substereids or stereids, a median
group of hydroids present, gradually vanishing to apical part.

Figure 43. cont.– Grimmia pulvinata (Hedw.) Sm.: 16-17, peristome teeth, outer side ; 29, transverse section of leaf ;
35, transverse section of leaf; 36, epidermal cells of seta.
[1, 7, 10-15, 18, Davis 5315 (E) ; 2, 4-6, 8-9, Benna s.n. (G, NMLU) ; 3, Maier 5456 (G) ; 16, 36, Maier s.n. (G) ;
17, Conliffe 36 (BOL) ; 19, van Melick 981 037 (G, van Melick) ; 35, Welch 6986 (G) ; 44.36, Grimmia pygmaea Müll. Hal.,
Preiss s.n. (H-BR - isolectotype). Analysis of the type specimens: Grimmia pulvinata (Hedw.) Sm.: 20-22, s.coll. s.n. (G); Fissidens
pulvinatus var. africanus Hedw.: 23-25, Swartz s.n. (G) ; Grimmia ecklonii Spreng.: 26, Ecklon s.n. (BM) ; Grimmia cygnicolla
Taylor: 27, Drummond s.n. (FH); Grimmia callosa Müll. Hal. & Hampe: 28, Müller s.n. (JE); Grimmia obtusata (Müll. Hal. &
Hampe) A. Jaeger : 29, Müller 7b (MEL) ; Grimmia aurasia Besch.: 30, Balansa s.n. (PC) ; Grimmia pulvinata var. asphaltita
Renauld & Cardot : 31, [Post] 417 (G) ; Grimmia tasmanica Müll. Hal.: 32, Weymouth s.n. (S) ; Grimmia woollsiana Müll. Hal.:
33, Woolls s.n. (JE); Grimmia pulvinata var. sardoa Herzog: 34, Herzog s.n. (JE)]
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Sporophyte. Seta (Fig. 43.3) to 4.5 mm long, straight when old and dry, arcuate in
immature and mature state when wet, epidermal cells (Fig. 43.36) arranged parallel to axis,
vaginula 0.8 mm long, cylindrical, with ochrea. Capsule erect when old, in immature and
mature state pendent and hidden in cushions, obloid, in mature state with 8 to 10 ribs,
exothecial cells (Fig. 43.10) elongate, walls curvilinear, thin, seen in transverse section of
capsule, exterior walls slightly bulging, stomata (Fig. 43.11) numerous at short neck, annulus
of 3 or 4 cell rows, detaching as spirals, after dehiscence cells at capsule rim with serrulate
outer walls (Figs. 43.16-17), rarely smooth. Calyptra (Fig. 43.12) mitrate, lobed, covering
upper part of capsule. Operculum (Fig. 43.13) rostrate or rostellate, beak straight or slightly
oblique, of variable lengths, base serrulate (Fig. 43.14), formed by a row of oval cells, in
conical part cells mostly elongate of different shape. Peristome (Figs. 43.15-17) teeth
erect-spreading when dry, broad at base, elongate-lanceolate, in upper half split into 2 or 3
divisions, separated down to insertion, trabeculae thin, dorsal side smooth near insertion, the
upper part of dorsal side and ventral side densely covered with fine papillae, seen in longitudinal sections (Figs. 43.18-19), teeth inserted at orifice, deeply anchored by strongly thickened
walls of capsule wall cells, 1 or 2 layers of cells between exothecium and teeth present, dorsal
plates thicker than ventral plates, trabeculae neared, slightly protruding. Spores 8-11 μm,
granulose.
Diagnostic characters.– Gametophyte. Leaves with recurved margins, on one side from
leaf base, and on the opposite side from above leaf base to above broadest part of leaf, in laminal part some marginal cell rows bistratose to tristratose. Costa with stereids and hydroids.
Sporophyte. Peristome deeply anchored by strongly thickened walls of capsule wall cells.
Comparison of the specimens examined with the type specimen of G. pulvinata
shows correspondence in leaf shape (Fig. 43.20), cells in leaf base (Fig. 43.21), and costal
architecture (Fig. 43.22).
Argumentation for synonymy.– The type specimen of Fissidens pulvinatus var. africanus
shows correspondence in leaf shape (Fig. 43.23), cells in leaf base (Fig. 43.24), and costal
architecture (Fig. 43.25) with the type specimen of G. pulvinata. The type specimens of
G. ecklonii, G. cygnicolla, G. callosa, G. obtusata, G. aurasia, G. pulvinata var. asphaltita,
G. tasmanica, G. woollsiana, and G. pulvinata var. sardoa show correspondence in costal architecture (Figs. 43.26, 43.27, 43.28, 43.29, 43.30, 43.31, 43.32, 43.33, 43.34) with the
type specimen of G. pulvinata.
Comments.– The leaf shape is variable: plants with short ovate-lanceolate to elongate ovatelanceolate leaves can be found ; hair-points may be longer than leaf length, but leaves without
hair-points may appear; in the leaf base nodulose cell walls may be observed, especially in plants
from sunny localities. Similar conditions also appear to cause the partial or complete transformation of costal hydroids to stereids. Marginal cell rows may be completely unistratose, even in the
extreme apical part, especially in plants found in the southern hemisphere, such as in South
Africa or Australia. In rare cases sporophytes with cucullate calyptrae may be found in the same
cushions between sporophytes with normally developed mitrate calyptrae.
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For G. callosa, MÜLLER & HAMPE (1853: 498) note two collection sites: ‘Barossa range’
and ‘Brown’s hill’. Following MUÑOZ (1999a : 168) and MUÑOZ & PANDO (2000: 68) the
specimen ‘Barossa range’, housed in JE, was selected as the lectotype. On the annotation
label, however, is noted ‘isotype’.
In Index Muscorum (WIJK & al., 1962 : 375), in MUÑOZ (1999a : 168), and in MUÑOZ
& PANDO (2000: 68), the orthography of the epithet for G. aurasia is incorrectly given as
‘auresia’. The correct orthography is ‘aurasia’ as given in the protologue and on the label of the
type specimen. Aurasius is the Latin form for Aurès (DE TONI, 1894 : XV), the name of a
mountaineous region in the Algerien Sahara (MERRIAM-WEBSTER, 1988).
CRUM (1994 : 386), in the introduction to his contribution on Grimmia in Mexico,
placed G. pulvinata in the genus Coscinodon Spreng., based on the characters of “narrow,
plicate leaves, and capsules lacking an annulus” which are actually not present in this species.
The attribution of such characters to G. pulvinata is an unintelligible error as in the same
work this species is described by its well-known characters which are also correctly represented
by drawings (CRUM, 1994: 402).
Distribution.– Africa : Algeria, Morocco, South Africa. Asia : Georgia, India (Punjab),
Jordan, Lebanon, Turkey. Australia : Australia, Tasmania, New Zealand. Europe : France,
Germany, Greece including Samothrace, Italy including Sardinia, Spain including the Canary
Islands (Tenerife), Switzerland, U.K. (England, Northern Ireland). North America : U.S.A.
(California, Indiana). South America: Chile (Southern Chile), Uruguay.
Habitat and substrate.– On boulders in open woodlands, in sunny and dry places ; on
concrete, limestone, sandstone, siliceous rock ; G. pulvinata grows from 250 to 2000 m in
Europe, from 1000 to 1800 m in Asia, from 50 to 1500 m in South Africa. Grimmia pulvinata
seems to be restricted to maximum altitudes of about 2000 m across its range.
Specimens examined (100), selected for description : LEBANON : Nahr Beirut, below
Areiya, sandstone boulders in Pinetum. Bright green with silvery hairs. Fruiting pedicels
recurved, 28.II.1943, Davis 5315 (E). SLOVAKIA : Flora carpathorum minorum ad
saxa, 16.IV.1918, Benna s.n. (G, NMLU). SOUTH AFRICA. Calvinia : Van Rhynshoek,
S-aspect, slope 4800 ft., 10.X.[19]83, Conliffe 36 (BOL). SPAIN. Tenerife : Valle de la
Orotava S. of Aquamansa. Los Organos, 1300 m. Tree trunks, stones, boulders, 31.III.1985,
van Melick 981 037 (van Melick). SWITZERLAND. Valais : Fully, Branson, Rhonebrücke,
Mauerkrone, Beton, 465 m, 11.III.1999, Maier s.n. (G) ; Vaud : Rivaz, Seeufer 375 m,
Wellenbrecherblöcke, Kalkstein, 31.V.1991, Maier 5456 (G). U.S.A. Indiana : G. indianensis
(Sayre) H.A.Crum. Warren Co., on sandstone on small creek leading to Pine Creek on east
side of road 2 m. southwest of Rainsville, 27.XI.1937, Welch 6986 (G).
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44. Grimmia pygmaea Müll. Hal., Syn. Musc. Frond. 1: 787. 1849 (Figs. 44.1-17, 37).
 Grimmia trichophylla var. australis Hampe in Müll. Hal., Syn. Musc. Frond. 1 : 788.
1849 [nom. inval., pro syn.].
Type : [AUSTRALIA]: Gr. trichoph.-australis Hamp. N. Holl. sine loco, s.d., s.coll.
s.n. (Lecto-: H-SOL) (lectotypified and synonymized with G. pulvinata (Hedw.) Sm.
by MUÑOZ & PANDO, 2000: 67) (Figs. 44.18-21, from lectotype s.coll. s.n., H-SOL).
 Grimmia basaltica Mitt. in Hook. f., Handb. N. Zeal. Fl.: 425. 1867.
Type: [NEW ZEALAND]: On trappean [basaltic] rocks: Hills to south of the Forbury
Heads near Dunedin, Otago, New Zealand, 19.XI.1861, [Lindsay] s.n. (Lecto-: NY;
isolecto-: NY) (lectotypified and synonymized with G. pulvinata (Hedw.) Sm. by
MUÑOZ & PANDO, 2000: 68) syn. nov. (Fig. 44.22, from [Lindsay] s.n., NY).
 Grimmia pulvinatula Müll. Hal. in Bot. Jahrb. Syst. 5: 81. 1884.
Type : [FRANCE. French Southern and Antarctic Territories]: Kerguelen, 1874,
Naumann s.n. (Lecto-: PC ; isolecto-: BM) (lectotypified and synonymized with
G. orbicularis Wilson by MUÑOZ & PANDO, 2000: 58) syn. nov. (Figs. 44.23-25,
from Naumann s.n., PC).
 Grimmia stolonifera Müll. Hal. in Bot. Jahrb. Syst. 5: 81. 1884.
Type : [FRANCE. French Southern and Antarctic Territories]: Kerguelen, s.d.,
Naumann s.n. (Lecto-: PC ; isolecto-: U) (lectotypified and synonymized with
G. orbicularis Wilson by MUÑOZ & PANDO, 2000: 58) syn. nov. (Figs. 44.26-28,
from Naumann s.n., PC).
 Grimmia novae-zealandiae R. Br. bis in Trans. & Proc. New Zealand Inst. 27 : 414.
1895.
Type : [NEW ZEALAND]: Lyttelton Hills, s.d., Brown s.n. (Lecto-: BM) (lectotypified and synonymized with G. pulvinata (Hedw.) Sm. by MUÑOZ & PANDO, 2000:
68) syn. nov. (Fig. 44.29, from Brown s.n., BM).

0.1 mm
2, 6, 8-10, 12, 15-17

0.4 mm
5

1 mm
3- 4, 14

Figure 44.– Grimmia pygmaea Müll. Hal.: 1, plant with sporophyte; 2, transverse section of stem; 3-4, leaves; 5, outlines
of transverse leaf sections; 6, cells in leaf base; 8, cells in leaf base; 9, cells in transitional part; 10, 12, transverse sections of leaf;
14, operculum ; 15, cells of operculum at base ; 16, peristome tooth, outer side (incomplete) ; 17, peristome teeth, longitudinal
sections.
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 Grimmia microglobosa Müll. Hal. in Hedwigia 37: 160. 1898.
Type : [NEW ZEALAND]: On rocks, Ben More, alt. 5000’, N. Canterbury,
XI.1890, Becket s.n. (Lecto-: H-BR) (lectotypified and synonymized with G. orbicularis Wilson by MUÑOZ & PANDO, 2000: 59) syn. nov. (Figs. 44.30-31, from Becket
s.n., H-BR).
 Grimmia hutchinsonii R. Br. bis in Trans. & Proc. New Zealand Inst. 35: 337. 1903.
Type : [NEW ZEALAND]: Omaru, XI.1897, Brown 5 (Lecto-: BM) (lectotypified
and synonymized with G. pulvinata (Hedw.) Sm. by MUÑOZ & PANDO, 2000: 70)
syn. nov. (Fig. 44.32, from Brown 5, BM).
 Grimmia arachnoidea Dusén in W. B. Scott, Rep. Princeton Univ. Exped. Patagonia 8:
122. 1903 [nom. nud.].  Grimmia orbicularis var. patagonica Cardot in O. Nordenskjöld, Wiss. Erg. Schwed. Südpolar-Exped. 4(8): 284. 1908.
Type: ARGENTINA. Patagonia: Patagonie occid., in valle sup. flum. Aysen, in saxis,
1897, Dusén s.n. (Lecto-: H-BR, not seen; isolecto-: PC) (lectotypified and synonymized
with G. pulvinata (Hedw.) Sm. by MUÑOZ, 1999a : 169) syn. nov. (Fig. 44.33, from
Dusén s.n., PC).
 Grimmia drakensbergensis Sim in Trans. Roy. Soc. South Africa 15: 209. 1926.
Type : [SOUTH AFRICA]. Natal : Top of Giants Castle. 8000’, 1912, Symons s.n.
[under Sim 9962] (Holo-: PRE) (synonymized with G. pulvinata (Hedw.) Sm. by
MAGILL, 1981: 275) syn. nov. (Figs. 44.34-35, from Symons s.n., PRE).
Gametophyte. Monoicous. Female : innermost perichaetial leaf to 2 mm long, sheathing, costa stout, percurrent, hair-point scarcely denticulate; male : perigonia in leaf axils or on
short branches originating there, several on a stem, far from perichaetium, innermost perigonial leaf 0.8 mm long, hyaline except in the apical part, costa percurrent. Growth form : cushions adhering to substrate with rhizoids, occasionally young shoots originating from stem
base, leaflets appressed to stem, apices scarcely spreading, stems 15 mm to 70 mm, plants
erect (Fig. 44.1), branching by innovations, central strand well-developed (Fig. 44.2). Leaves
(Figs. 44.3-4) 1.5-2.5 mm long, densely arranged in tiers, in dry state appressed to stem,

0.1 mm
7, 11, 13, 19-21

1 mm
18

Figure 44. cont.– Grimmia pygmaea Müll. Hal.: 7, cells in leaf base and transitional part ; 11, 13, transverse sections of
leaf; 18, leaf; 19, cells in leaf base; 20, transverse section of leaf; 21, cells in transitional part.
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slightly turned in comal part, scarcely moving when moistened, erectopatent when wet, lanceolate from elongate-ovate leaf base tapering to acute apex, hair-point weakly denticulate ; leaf
form in situ (Fig. 44.5) in leaf base concave, lower laminal part keeled, upper part narrowly
so, margins on both sides from above leaf base to upper part of lamina weakly recurved, apical
part of lamina plane ; basal cells (Figs. 44.6-8) elongate-rectangular, walls thickened, weakly
to strongly nodulose, near margin 2 or 3 rows of shorter cells with smooth walls, appearing
hyaline and differentiated from the elongate nodulose basal cells, in transitional part
(Figs. 44.9, 44.21) lamina cells narrow, elongate-rectangular with mostly strongly sinuose
walls becoming shorter to the margin, in apical part cells isodiametric or short-rectangular,
walls thickened, more or less sinuose, seen in transverse section (Fig. 44.10), leaf base
unistratose, lamina mostly unistratose throughout, in rare cases with bistratose patches,
margins unistratose in leaf base and lower half of lamina, in upper part of lamina 1-3 marginal
rows bi- or even tristratose. Costa, seen on dorsal side (Figs. 44.3-4), of nearly uniform width,
slightly thinner in leaf base, percurrent, seen in transverse sections (Figs. 44.10-13), from above
insertion to apical part rounded, in laminal part exterior walls of dorsal cells markedly thickened, on ventral side in basal part widely channelled, in laminal part channelled, at insertion
and in leaf base 4 guide cells, in laminal part 2 guide cells, in mid-leaf guide cells of narrowly
elliptical shape, mostly obliquely arranged to leaf axis, in leaf base and laminal part a centrally
arranged group of hydroids or only 1 big star-shaped hydroid present, vanishing in apical part,
in leaf base and lower laminal part a series of stereids present.
Sporophyte. Seta (Fig. 44.1) to 2 mm long, straight when dry, curved when wet, epidermal cells (Fig. 44.37) arranged parallel to axis, vaginula 0.8 mm long, cylindrical, ochrea
not seen. Capsule exserted, horizontal or slightly pendulose, obloid or oblong, ribbed, exothecial cells elongate, rectangular, penta- and hexagonal, walls thin, stomata numerous at
short neck, annulus of 3 of 4 cell rows detaching in fragments, cells at orifice with smooth,
occasionally slightly serrulate outer walls (Fig. 44.16). Calyptra mitrate, covering the upper
third of capsule. Operculum (Fig. 44.14) conical with short beak, base smooth (Fig. 44.15),
formed by some rows of cells with rounded lumina, in conical part cells rectangular or of
irregular shape. Peristome (Fig. 44.16) teeth straight when dry, lanceolate, split in the upper
half into 2 divisions, separated down to insertion, trabeculae small to broad throughout, the
lower dorsal plates smooth, the subsequent plates with fine papillae, upper dorsal side and
ventral side densely covered with rough papillae, seen in longitudinal section (Fig. 44.17),
teeth inserted near orifice, anchored by a tissue composed of cells with strongly thickened
walls, progressing slightly above orifice, between exothecium and teeth one, rarely 2 layers of
cells present, dorsal plates thicker than ventral plates, trabeculae distant, slightly protruding.
Spores 11-15 μm, nearly smooth.
0.1 mm
22, 24-25, 27-31, 36

1 mm
23, 26

Figure 44. cont.– Grimmia pygmaea Müll. Hal.: 22, transverse section of leaf ; 23, leaf ; 24, cells in leaf base ; 25, transverse section of leaf; 26, leaf; 27, cells in leaf base; 28-29, transverse sections of leaf; 30, cells in leaf base; 31, transverse section
of leaf; 37, epidermal cells of seta.
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Diagnostic characters.– Gametophyte. Leaves with elongate-rectangular cells with nodulose walls in leaf base, lamina cells in transitional part elongate-rectangular with sinuose walls.
Costa dorsally rounded except from above insertion to below apical part where the costa
is prominent, in the same part, the guide cells are narrowly elliptical and mostly obliquely
arranged to leaf axis, in leaf base and laminal part a centrally arranged group of hydroids or 1
star-shaped hydroid can be observed, which vanish in the apical part. Sporophyte. Peristome
teeth inserted near orifice, anchored by thickened cell walls, the cell wall tissue extends
slightly above orifice, between exothecium and teeth 1 or rarely 2 layers of cells present.
Comparison of the specimens examined with the type specimen of G. pygmaea
shows correspondence in leaf shape (Fig. 44.18), cells in leaf base (Fig. 44.19), and costal
architecture (Fig. 44.20).
Argumentation for synonymy.– The type specimens of G. basaltica, G. novae-zealandiae,
G. hutchinsonii and G. orbicularis var. patagonica show correspondence in costal architecture
(Figs. 44.22, 44.29, 44.32, 44.33) with the type specimen of G. pygmaea. The type specimens of G. microglobosa and G. drakensbergensis show correspondence in cells in leaf base
(Figs. 44.30, 44.34), and costal architecture (Figs. 44.31, 44.35) with the type specimen of
G. pygmaea. The type specimens of G. pulvinatula and G. stolonifera show correspondence in
leaf shape (Figs. 44.23, 44.26), cells in leaf base (Figs. 44.24, 44.27), and costal architecture
(Figs. 44.25, 44.28) with the type specimen of G. pygmaea.
Comments.– The unique sample of an innermost perigonial leaf was partly decomposed,
thus not appropriate for correct illustration.
The epithet of G. novae-zealandiae has been misspelled several times. On the labels one
can find ‘G. novae-zelandiae‘ or ‘G. Nova-Zealandia’ while MUÑOZ & PANDO (2000: 68, 126)
write ‘G. novae-zeelandiae’. In the protologue the author names his new species ‘Grimmia
novae-zealandiae’ and this orthography is adopted here.
An isolectotype of G. pygmaea “Nova Hollandia ad rupes graniticis”, leg. Preiss, herb.
Müller, in H-BR and JE, turned out to be G. pulvinata (Fig. 44.36, see p. 293) (see 43.–
Grimmia pulvinata). This is important to note because the protologue for this taxon does
not describe characters of G. pulvinata, therefore, these two specimens should be excluded
from the type material of G. pygmaea.

Figure 44. cont.– Grimmia pygmaea Müll. Hal.: 32-33, transverse sections of leaf ; 34, cells in leaf base ; 35, transverse
section of leaf.
[1-3, 5-6, 9-10, 16, 37, Naumann s.n. (E); 4, 8, 13, Hilliard & Burtt 12221 (BM); 7, 11, 14-15, 17, s.coll. 654 (BM);
12, Lübenau CHL 97 (G, Lübenau). Analysis of the type specimens : Grimmia pygmaea Müll. Hal.: 18-21, s.coll. s.n. (H-SOL) ;
Grimmia basaltica Mitt.: 22, [Lindsay] s.n. (NY); Grimmia pulvinatula Müll. Hal.: 23-25, Naumann s.n. (PC); Grimmia stolonifera Müll. Hal.: 26-28, Naumann s.n. (PC); Grimmia novae-zealandiae R. Br. bis: 29, R. Brown s.n. (BM); Grimmia microglobosa
Müll. Hal.: 30-31, Becket s.n. (H-BR) ; Grimmia hutchinsonii R. Br. bis : 32, R. Brown 5 (BM) ; Grimmia orbicularis var. patagonica Cardot: 33, Dusén s.n. (PC); Grimmia drakensbergensis Sim: 34-35, Symons s.n. under Sim 9962 (PRE)]
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Grimmia pygmaea may be easily confused with G. orbicularis or G. pulvinata, regarding the names given to the new species, even by experienced bryologists such as Cardot
(G. orbicularis var. patagonica) or C. Müller (G. pulvinatula). Nowadays bryologists may
experience the same difficulties distinguishing G. pygmaea from related species, especially
when the specimen is sterile. However, it should be possible to separate species by examining the costal architecture.
Grimmia pygmaea has a distribution range in the southern hemisphere comparable to
that of G. pulvinata. However, no indication of the presence of G. pulvinata in the Kerguelen
Islands was found. Notable is the presence of G. pygmaea at higher altitudes than those known
for G. pulvinata. Moreover, the substrate of the two species differs. Grimmia pygmaea seems
to prefer igneous rocks whilst G. pulvinata has a preference for rather more sedimentary
substrates, such as calcareous rocks or sandstone.
Distribution.– Africa : South Africa (East Cape, Lesotho, Natal). Australia : Australia,
New Zealand, French Southern and Antarctic Territories (Kerguelen). South America : Chile
(Patagonia).
Habitat and substrate.– On granite traprock, basaltic rock, on dry rocks, from 120
to 2700 m.
Specimens examined (20), selected for description: CHILE. Patagonia: Lake Pehue, Uferstrasse, auf Fels, 120 m, 5.III.2003, Lübenau CHL 97 (Lübenau). FRANCE. French Southern
and Antarctic Territories, Kerguelen: Grimmia stolonifera nsp., Kerguelens Land, Hb. C. Müll.,
s.d., Naumann s.n. (E). NEW ZEALAND. Central Otago : Grimmia (basaltica Mitten)
trichophylla Grev. Queensbury, 1000 ft., s.d., s.coll., 654 [det. Brotherus] (BM). SOUTH
AFRICA. East Cape: Lady Grey Distr.; Witteberg Joubert’s Pass, c. 8000 ft., Grimmia pulvinata
(Hedw.) Sm., growing on basalt rock, 18.I.1979, Hilliard & Burtt 12221 (BM).

45. Grimmia ramondii (DC.) Margad. in Lindbergia 1: 128. 1972 (Figs. 45.1-14, 23).
 Pterigynandrum ramondii DC. in Lam. & DC., Fl. Franç. ed. 3, 2: 462. 1805.
Type : [FRANCE/SPAIN]: Grimmia, Pyrenées, s.d., Ramond s.n. (Lecto-: G) (lectotypified by MUÑOZ & PANDO, 2000: 71) (Figs. 45.15-17, from Ramond s.n., G).
 Bryum patens Hedw., Sp. Musc. Frond.: 86. 1801 [non Grimmia patens Hornsch. in
Flora 2: 84. 1819].
Type : [U.K.] Scotland : in rivulis alpinis Scotiae. Ben Nevis, s.d. s.coll. s.n. (Lecto-:
BM [herb. Dickson]; iso-: BM [herb. Hooker]) (lectotypified and synonymized by
GEISSLER & MAIER, 1995 : 499) (Figs. 45.18-20, from s.coll. s.n., BM, reproduced
from GEISSLER & MAIER, 1995: 506).

Grimmia pygmaea – Grimmia ramondii
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 Grimmia serrata Kindb. in Rev. Bryol. 34: 90. 1907.
Type : [CANADA]: Canada, B. C., Old Glory mnt., Rossland, 15.VIII.1902,
Macoun s.n. (Holo-: S; iso-: S) (synonymized by ALLEN, 1995: 164) (Fig. 18.21, from
Macoun s.n., S).
 Dryptodon patens var. propagulifer J. Amann, Fl. Mouss. Suisse 2: 140. 1918.
Type: [SWITZERLAND]. Grisons: Albertitobel près Davos, 24.V.1890, Amann BH
93.2.8 (Lecto-: ZT; syn-: ZT, Amann BH 93.2.10) (lectotypified and synonymized by
MUÑOZ & PANDO, 2000: 72) (Fig. 45.22, from Amann BH 93.2.8, ZT).
Gametophyte. Dioicous. Female : innermost perichaetial leaves (Fig. 45.1) to 3.5 mm
long, sheathing to broadest part of leaf, lanceolate from large leaf base tapering to acute apex,
costa stout, percurrent, at margin some rows of rectangular, hyaline cells reaching to broadest
part of leaf ; male : perigonia in separate cushions, on short stalks in leaf axils as multifoliose
buds, innermost perigonial leaf (Fig. 45.2) to 1.2 mm long, sheathing to broadest part, concave, from broad base tapering to muticous, obtuse apex, costa stout, percurrent, cells hyaline
except at narrowed apical part, antheridia with paraphyses. Growth form : cushions lax, stems
to 100 mm long, plants (Fig. 45.3) separating easily, from creeping radiculose base erect,
branched, central strand (Fig. 45.4) lacking. Leaves (Fig. 45.5) 2.5-3.8 mm long, crowded,
appressed to stem, slightly curved when dry, strongly bending backwards when moistened,
erectopatent, stiff, slightly curved when wet, from narrow base elongate-lanceolate, tapering
to acute, dentate apex, cells mostly chlorophyllose, rarely hyaline; leaf form in situ (Fig. 45.6)
in leaf base on one side concave, on opposite side with a weak plica, laminal part narrowly
keeled, margin on one side from insertion to upper third of leaf revolute, on opposite side
recurved, plane in upper part ; basal paracostal cells (Fig. 45.7) elongate-rectangular, walls
nodulose, at margin some rows rectangular, walls smooth, in transitional and lower laminal
part cells (Fig. 45.8) rectangular or short-rectangular, walls strongly sinuose, thickened, upper
laminal cells isodiametric, lumina rounded, walls smooth or nearly so ; seen in transverse
section (Fig. 45.9), leaf base unistratose, lamina unistratose with bistratose patches, margin
unistratose at insertion and in leaf base, in laminal part some marginal cell rows bistratose.
Costa, seen on dorsal side (Fig. 45.5), stout, of uniform width to upper third of leaf, diminishing in apical part, percurrent, seen in transverse section (Fig. 45.9), broadly rounded at
insertion, in leaf base and in lower laminal part rounded, gradually becoming irregularly
angulate, in upper third winged, ventral side at insertion and in leaf base widely channelled,
in laminal part channelled, at insertion and in leaf base 8 guide cells, diminishing to 2 guide
cells in apical part, adaxial walls of guide cells strongly thickened, from insertion to mid-leaf
a median band of stereids or substereids present, in upper, winged part cells homogeneous,
hydroids lacking throughout.

Figure 45. (p. 308).– Grimmia ramondii (DC.) Margad.: 1, perichaetial leaf ; 2, perigonial leaf ; 3, plant with sporophyte ; 4, transverse section of stem ; 5, leaf ; 6, outlines of transverse leaf sections ; 7, cells in leaf base ; 8, cells in transitional
part; 9, transverse section of leaf; 10, exothecial cells; 11, operculum; 12, cells of operculum at base; 13, peristome teeth, outer
side; 14, peristome tooth, longitudinal section.
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Sporophyte. Seta (Fig. 45.3) 2-5 mm long, straight when dry, curved when wet, epidermal cells (Fig. 45.23) arranged parallel to axis, vaginula 1.2 mm long, cylindrical, ochrea
small. Capsule emergent, pendulous or horizontal, cylindrical to obloid, neck distinct, capsule
ribbed and neck wrinkled when mature, stomata few in neck, exothecial cells (Fig. 45.10)
mostly elongate-oval, walls thin, annulus of 3 rows of cells detaching as spirals. Calyptra
mitrate, covering operculum. Operculum (Fig. 45.11) rostrate, beak oblique, base serrulate
(Fig. 45.12), in conical part cells rounded, quadrate, or rectangular, walls thick. Peristome
(Fig. 45.13) teeth erect when dry, elongate-lanceolate, deeply split into 2 or 3 filiform divisions,
not completely separated down to insertion or connected with the 2 lowermost ventral cell
plates, trabeculae thin, dorsally above orifice 4 to 5 rows of transversely rectangular smoothwalled, hyaline cells, (Fig. 45.13) that cover the dorsal side of the basal plates that are smooth,
the uncovered dorsal side and the ventral side are densely covered with coarse papillae, seen in
longitudinal section (Fig. 45.14), teeth inserted just below orifice, between exothecium
and teeth 3 layers of cells present, dorsal plates thicker than ventral plates, trabeculae distant,
scarcely protruding at lower part, indistinct in upper part, the hyaline cells appear as a paradental triseriate tissue extending above the orifice. Spores 11-14 μm, granulose.
Diagnostic characters.– Gametophyte lacking central strand. Leaves with acute dentate
apex, cells rarely hyaline. Costa with the adaxial walls of guide cells strongly thickened.
Sporophyte. Peristome teeth deeply split into filiform divisions, covered on dorsal side above
orifice by 4-5 rows of hyaline transversely rectangular, smooth-walled cells, appearing in
longitudinal section as a paradental triseriate tissue extending above the orifice.
Comparison of the specimens examined with the type specimen of G. ramondii
shows correspondence in leaf shape (Fig. 45.15), cells in leaf base (Fig. 45.16), and costal
architecture (Fig. 45.17).
Argumentation for synonymy.– The type specimens of Bryum patens shows correspondence in leaf shape (Fig. 45.18), cells in leaf base (Fig. 45.19), and costal architecture
(Fig. 45.20) with the type specimen of G. ramondii. The type specimens of G. serrata
and Dryptodon patens var. propagulifer show correspondence in costal architecture
(Figs. 45.21, 45.22) with the type specimen of G. ramondii.
Comments.– Following LIMPRICHT (1889: 787) the calyptra is mitriform.

Figure 45. cont. (p. 309).– Grimmia ramondii (DC.) Margad.: 15, leaf ; 16, cells in leaf base ; 17, transverse section of
leaf; 18, leaf; 19, cells in leaf base; 20, transverse section of leaf.
Figure 45. cont.– Grimmia ramondii (DC.) Margad.: 21-22, transverse sections of leaf; 23, epidermal cells of seta.
[1, 4-5, 7-9, Maier 10134 (G) ; 2, 6, 10-14, 23, Maier 11789 (G) ; 3, Maier 5757 (G). Analysis of the type specimens :
Grimmia ramondii (DC.) Margad.: 15-17, Ramond s.n. (G) ; Bryum patens Hedw.: 18-20, s.coll. s.n. (BM) ; Grimmia serrata
Kindb.: 21, Macoun s.n. (S); Dryptodon patens var. propagulifer J. Amann: 22, Amann BH 93.2.8 (ZT)]
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The lectotype specimen of Pterigynandrum ramondii, selected by Muñoz & Pando,
could not be found in B (the curator in litt.), despite the indication that it was held in
B (MUÑOZ & PANDO, 2000: 71). B is likely a misprint for G, since the Candolle herbarium
is based in G [Candolle is the unique author of the name Pterigynandrum ramondii: the third
edition of the Flore Française (1805) was published without the collaboration of Lamarck].
In rare cases the dorsal wings may be reduced to an irregularly angulate dorsal outline
of the costa, seen in transverse section of the leaf. The stratosity of the lamina is variable, the
apical part can be occasionally nearly bistratose. The peristome teeth that are not completely
separated down to the insertion or are connected with the 2 lowermost ventral cell plates, and
the paradental triseriate tissue constituted by several rows of hyaline transversely arranged cells
seen on the outer side of the teeth are unique features in the genus Grimmia (Figs. 45.13-14).
Comparable structures are observed in Racomitrium lanuginosum (Hedw.) Brid. (BEDNAREKOCHYRA, 1995, Fig. 17, considered as a ‘preperistome’). A similar structure can also be
observed in the longitudinal section of a tooth of Racomitrium fasciculare (Hedw.) Brid., illustrated in DEGUCHI (1979: Fig. 6.11). Regarding these features and taking in account the lack of
a central strand in G. ramondii, a connection between G. ramondii and the genus Racomitrium
Brid. should be considered. See also CRUNDWELL (1971: 323).
AMANN (1918 : 140) published Dryptodon patens var. propagulifera J. Amann, based on
specimens collected from Grisons in 1890 and Valais in 1896. On both labels the names are
given correctly as D. patens var. propagulifer. In 1917 he added a note to one of the labels :
“Die vermeintlichen ‘Brutkörper’ sind nichts anderes als Algen (Cyanophycea !)”, translated
by the present author as : “the assumed ‘brood bodies’ are nothing other than algae (Cyanophycea !)”. This label correction is published under Dryptodon patens (Dicks.) var. propagulifera [sic] in AMANN (1933 : 48). BERGAMINI (2003 : 22), in the context of ‘D. patens var.
propagulifera’, comments on other new taxa described by Amann on the basis of algae, mistakenly regarded as being brood bodies.
Distribution.– Asia : Japan. Europe : Czech Republic, Finland, France, Germany, Italy,
Poland, Spain, Sweden, Switzerland, U.K. (Scotland). North America : Canada (British
Columbia), U.S.A. (Alaska, Idaho, Oregon, Washington).
Habitat and substrate.– In shaded and open places, on rocks near lake shores, boulders in
alpine meadows; andesite, old lava, siliceous rock, from 360 to 2400 m.
Specimens examined (50), selected for description: SWITZERLAND. Grisons : Bergün,
Murtel digl Crap Alv, 2200 m, Blöcke, Silikatgestein, alpiner Rasen, 30.VI.1991, Maier 5757
(G) ; Valais : Finhaut, Le Triège, 1260 m, Blöcke, Silikatgestein, schattig, 16.IV.1997, Maier
11789 (G) ; Ried, Rieder Furka, Wegrand, schattenlos, Felsplatte 50° geneigt, Silikatgestein,
2000 m, 11.VII.1995, Maier 10134 (G).
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46. Grimmia sessitana De Not. in Atti Reale Univ. Genova 1: 704. 1869 (Figs. 46.1-21).
Type : ITALY: Frane alle scaturigini del Vogna, sotto l’ospicio della Valdobbia, in
Val Sesia, s.d., Carestia 55 (Lecto-: RO, not seeen; isolecto-: G) (lectotypified by CAO
& VITT, 1986: 164) (synonymized with G. reflexidens Müll. Hal. by MUÑOZ, 1998b:
394) (Figs. 46.23-26, from Carestia 55, G).
 Grimmia alpestris f. hybrida Chal. in Pamie,tn. Fizyogr. 2 : 68. 1882.  Grimmia
alpestris var. hybrida (Chal.) Chal., Enum. Musc. Frond. Tatr.: 56. 1886.
Type : [POLAND/SLOVAKIA]: Tatra, Polnischer Kamm, v. d. Felkaër-Thal, 27.VII.
1879, Chalubinski s.n. (Lecto-: BP) (lectotypified and synonymized with G. reflexidens Müll. Hal. by MUÑOZ, 1998b: 395) syn. nov.
 Grimmia subsulcata Limpr., Laubm. Deutschl. 1: 757. 1889.
Type : AUSTRIA. Steiermark : Speiereben bei Schöder. Glimmerschiefer, 2300 m,
9.VIII.1888, Breidler s.n. (Holo-: BP, not seen ; iso-: G) (synonymized with G. reflexidens Müll. Hal. by MUÑOZ, 1998b : 395) syn. nov. (Figs. 46.22, 46.27-28, from
Breidler s.n., G).
 Guembelia immersoleucophaea Müll. Hal. in Neumayer, Int. Polarforsch. 1882-83 2 :
317. 1890.  Grimmia immersoleucophaea (Müll. Hal.) Kindb., Enum. Bryin. Exot.,
Suppl. 2: 107. 1891.
Type : [U.K. Falkland Islands Dependencies]: Süd-Georgien. Felsen am Ausgang
des Brockenthales. Selten, 23.I.1883, Will 52 (Lecto-: HBG) (lectotypified and
synonymized with G. kidderi James by OCHYRA & HERTEL, 1990: 25) syn. nov.
(Fig. 46.29, from Will 52, HBG).
 Grimmia grisea Cardot in Bull. Herb. Boissier ser. 2, 6: 7. 1906.
Type : [U.K. Falkland Islands Dependencies]. South Georgia : Cumberlandbay, 1902, Skottsberg 308 (Lecto-: S, syn-: [Skottsberg 307] H-BR, S) (lectotypified and synonymized with G. reflexidens Müll. Hal. by M UÑOZ , 1998b : 395)
syn. nov. (Figs. 46.30-33, from Skottsberg 308, S).
 Grimmia chilensis Thér. in Darwiniana 11: 217. 1957.
Type : [ARGENTINA]: Parc Nac. Arg. Nahuel huapi, Cerro Lopez, 1700 m, 1.XI.
[19]36, Donat 114 (Lecto-: JE) (lectotypified by MUÑOZ, 1999a: 152) (synonymized
with G. navicularis Herzog by DEGUCHI, 1987 : 28) syn. nov. (Fig. 46.34, from
Donat 114, JE).
 Grimmia donniana f. antarctica Kuc in Rev. Bryol. Lichénol. 36: 658. 1969.
Type : ANTARCTICA : Queen Mary [Land] Coast, Bunger Hills : in the neighbourhood of the Polish B ; on sandy ground between boulders on scree [dwarf plants],
25.VI.1959, Róz.ycki s.n. (Holo-: KRAM) (synonymized with G. reflexidens Müll.
Hal. by MUÑOZ, 1998b: 395) syn. nov. (Figs. 46.35-38, from Róz.ycki s.n., KRAM).
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Gametophyte. Monoicous, occasionally dioicous. Female : innermost perichaetial leaf
(Fig. 46.1) 2.6-2.8 mm long, sheathing to two-thirds of leaf length, concave, hyaline in lower
half, costa in upper part of leaf enlarged, excurrent into long, slightly denticulate hair-point ;
male : perigonia as buds on short stalks on branches of female plants, terminal or in leaf axils,
several on the same plant, innermost perigonial leaf (Fig. 46.2) 1 mm long, sheathing to
above mid-leaf, concave, ovate, hyaline to one-half or two-thirds of leaf length, costa percurrent, apex blunt or mucronate, antheridia with few paraphyses. Growth form : cushions
dense, compact, adherent to substrate with rhizoids, stems to 20 mm long, plants (Fig. 46.3)
erect, radiculose at base, strongly branched, central strand (Fig. 46.4) developed. Leaves
(Figs. 46.5-6) crowded, in lower part of stem to 1.2 mm long, muticous or short hair-point
present, becoming gradually longer to 2.4 mm, loosely arranged on stem, apices flexuose
when dry, rapidly bending backwards when moistened, quickly moving to erect or erectopatent position when wet, from nearly rectangular or ovate leaf base lanceolate, tapering to
acute apex, hair-point nearly smooth; leaf form in situ (Fig. 46.7) at insertion and in leaf base
concave, narrowly keeled in laminal part, margin recurved on one side from insertion to
broadest part of leaf or plane on both sides ; in upper stem leaves basal paracostal cells elongate-rectangular, walls thin, smooth, cells at margin (Figs. 46.8, 46.10) elongate-rectangular,
nearly of the same length as paracostal cells, transverse walls thickened, in lower stem leaves
(Figs. 46.9, 46.11) paracostal cells elongate-rectangular, towards margin some rows shortrectangular or quadrate, transverse walls thickened, smooth, all leaves with some hyaline
marginal cell rows, vanishing at broadest part of leaf, above broadest part of leaf cells short
rectangular to quadrate, lumina rounded, walls smooth or slightly sinuose, in apical part isodiametric, lumina rounded, walls thickened; seen in transverse sections (Figs. 46.12-14), leaf
base unistratose, laminal part unistratose, bistratose in places or nearly completely bistratose,
in surface view seen as striae. Costa, seen on dorsal side (Figs. 46.5-6), enlarged from above
broadest part of leaf to apex, excurrent, seen in transverse sections (Figs. 46.12-14), dorsally
rounded, ventrally at insertion and in leaf base channelled, in laminal part narrowly or very
narrowly so, at insertion and in leaf base 4 guide cells, in laminal part 2 guide cells, a median
group of hydroids present, in upper part of leaf transformed to substereids.
Sporophyte. Seta (Fig. 46.3) to 4 mm long, rarely straight mostly slightly inclined, epidermal cells (Fig. 46.15) turning to the right, vaginula 0.6 mm long, short cylindrical, with
ochrea. Capsule exserted, erect, oblong-ovoid, constricted at capsule mouth after spore
release, smooth, exothecial cells (Fig. 46.16) mostly hexagonal, elongate, walls thin, seen in
transverse section of capsule, exterior walls slightly bulging, stomata at base of capsule,
numerous or few, neck lacking, annulus of 3-4 rows of persistent cells, which may detach

Figure 46.– Grimmia sessitana De Not.: 1, perichaetial leaf ; 2, perigonial leaf ; 3, plant with sporophyte ; 4, transverse
section of stem ; 5, leaf ; 7, outlines of transverse leaf sections ; 8, cells in leaf base, upper leaf ; 9, cells in leaf base, lower leaf ;
12-13, transverse sections of leaf; 15, epidermal cells of seta; 16, exothecial cells; 17, calyptra; 18, operculum; 19, cells of operculum at base ; 20, peristome teeth, outer side ; 21-22, peristome teeth, longitudinal sections.
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singly, seen in surface view quadrate to transversely rectangular, lumina large. Calyptra
(Fig. 46.17) cucullate. Operculum (Fig. 46.18) conical, blunt, base uneven (Fig. 46.19),
formed by 2 rows of small, nearly isodiametric cells, in conical part cells irregular, rectangular,
isodiametric, lumina rounded. Peristome (Fig. 46.20) teeth erect or spreading when dry,
lanceolate, entire or perforate, separated down to insertion, trabeculae in lower part small, in
upper part thin, lower dorsal side smooth, upper dorsal side and ventral side covered with
rough papillae, seen in longitudinal sections (Figs. 46.21-22), teeth inserted below orifice,
capsule at orifice constricted, 1-2 layers of cells between exothecium and teeth present, the
outer plates thicker than inner plates, trabeculae in lower part close together, in upper part
distant, protruding, prostome mostly present. Spores 8-9 μm, smooth.
Diagnostic characters.– Gametophyte. Leaves : in the base of upper stem leaves marginal
cells are elongate, nearly of the same length as paracostal cells, in the base of lower stem leaves
cells are short-rectangular to quadrate towards margin, in all leaves cells are smooth with
thickened transverse walls, some cell rows are hyaline, vanishing above leaf base. Costa
enlarged from above broadest part of leaf to apex. Sporophyte. Capsule in surface view : the
cells of the nearly persistent annulus are quadrate to transversely rectangular with large
lumina, seen in longitudinal sections (Figs. 46.21-22), at orifice constricted ; prostome
mostly present.
Comparison of the specimens examined with the type specimen of G. sessitana shows
correspondence in leaf shape (Fig. 46.23), cells in leaf base (Figs. 46.24-25), and costal
architecture (Fig. 46.26).
Argumentation for synonymy.– The type specimens of G. grisea and G. donniana f. antarctica show correspondence in leaf shape (Figs. 46.30, 46.35), cells in leaf base (Figs. 46.3132, 46.36-37), and costal architecture (Figs. 46.33, 46.38) with the type specimen of
G. sessitana. The type specimens of G. immersoleucophaea and G. chilensis show correspondence in costal architecture (Figs. 46.29, 46.34) with the type specimen of G. sessitana.
Comments.– LIMPRICHT (1889 : 757), described G. subsulcata, based on material
collected by Breidler in Austria, that was cited in synonymy with G. alpestris ß microstoma
Bruch & Schimp., and which mentioned Rabenhorst’s Bryoth. Eur. No. 1127. Upon examination both the specimens of Rabenhorst in G are G. alpestris. The search for a type specimen
of G. alpestris var. microstoma in the herbarium of Schimper, kept in BM, was unsuccessful.
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1 mm
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Figure 46. cont.– Grimmia sessitana De Not.: 6, leaf ; 10, cells in leaf base, upper leaf ; 11, cells in leaf base, lower leaf ;
14, transverse sections of leaf; 23, leaf; 24, cells in leaf base, upper leaf; 25, cells in leaf base, lower leaf; 26, transverse section of
leaf; 32, cells in leaf base, lower leaf; 33, transverse sections of leaf; 35, leaf; 38, transverse section of leaf.
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Potential type material for G. alpestris var. microstoma in the Schimper herbarium in BM
consists of nine specimens, seven of them are named ‘Grimmia alpestris’, one of which is
named ‘G. alpestris var. microstoma’ and one of which is unnamed. The unnamed material was
collected from Norway, three of the specimens named G. alpestris came from Switzerland and
Norway while all remaining specimens, including the one named G. alpestris var. microstoma,
come from Italy or Austria thus they do not comply with the protologue. Of the four specimens that comply with the protologue three are G. alpestris and one is G. sessitana. Thus the
affinities and whereabouts of the type of G. alpestris var. microstoma are unconfirmed.
BOULAY (1884 : 371) described G. anceps. LIMPRICHT (1889 : 755, 757) considered this
taxon to be G. sessitana. MUÑOZ (1998b: 394) designated a specimen kept in PC as lectotype
and synonymized this taxon with G. reflexidens. The specimen was not found in PC (the
curator in litt.). Another specimen designated by MUÑOZ (1998b : 394) as an isolectotype
kept in BP under the herbarium number 36692 is a mixture of G. alpestris, G. elongata
and Dicranoweisia crispula (Hedw.) Milde. Grimmia sessitana was not found amongst this
material. This specimen (BP - 36692) should be excluded from the type material.
The monoicous sexual state is best seen in plants with immature capsules. Perigonia,
once mature, disintegrate quickly.
Plants with muticous leaves may be found. The stratosity of laminae varies from unistratose to partly or totally bistratose. The nearly complete bistratose laminae (Fig. 46.14) of
plants named G. subsulcata are a variation of the more or less unistratose laminae of G. sessitana, as seen in the type specimen (Fig. 46.26). The drawing of a longitudinal section of a
peristome tooth (Fig. 46.21) from a unistratose-leaved plant (Fig. 46.12) shows the same
characters as the tooth of the type specimen of G. subsulcata (Fig. 46.22). Leaves of such
plants have erect or somewhat incurved margins, at least on one side, and a spreading lamina
on one or both sides of the costa, but only in the lower half of the lamina (Fig. 46.14). In
these cases the costa is prominent and recessed in a furrow (Fig. 46.14). Seen in transverse
section, the lamina cells are slightly bulging and have rounded lumina. These features are suggestive of G. alpestris. However, the cell patterns in the leaf base of the stem leaves should
make it possible to recognize G. sessitana. These characters also distinguish G. sessitana from
G. donniana (see comment under 14. G. donniana).
The drawings given in OCHYRA (1998 : 158) under G. reflexidens, prove the presence
of G. sessitana on King George Island (South Shetland Islands [British Antarctic Territory]).

Figure 46. cont.– Grimmia sessitana De Not.: 27, leaf ; 28-29, transverse sections of leaf ; 30, leaf ; 31, cells in leaf base,
upper leaf; 34, transverse sections of leaf; 36, cells in leaf base, upper leaf; 37, cells in leaf base, lower leaf.
[1, 17, Maier 5751 (G) ; 2, Maier 2948 (G) ; 3, Maier 8323 (G) ; 4, Hedderson 5096 (G) ; 5, 8-9, 12, 16, 18-21, Sainsbury 799 (CHR) ; 6, 10-11, 14, Will s.n. (PC) ; 7, 13, Siegel s.n. (G) ; 15, Hermann 24938 (G) ; 22, 27-28, Breidler s.n. (G).
Analysis of the type specimens : Grimmia sessitana De Not.: 23-26, Carestia 55 (G) ; Grimmia immersoleucophaea (Müll. Hal.)
Kindb.: 29, Will 52 (HBG) ; Grimmia grisea Cardot : 30-33, Skottsberg 308 (S) ; Grimmia chilensis Thér.: 34, Donat 114 (JE) ;
Grimmia donniana f. antarctica Kuc: 35-38, Róz.ycki s.n. (KRAM)]
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Distribution.– Asia : China (Xinyang), India (NW Himalaya), Japan, Pakistan, Russia,
Turkey. Australia: New Zealand. Europe: Austria, Italy, Poland, Romania, Slovakia, Switzerland,
U.K. (Scotland), Antarctica. (Queen Mary Coast and Falkland Islands). North America :
Canada (Labrador), U.S.A. (Colorado).
Habitat and substrate.– On boulders in dry grassland, in clearings, heathland, alpine
meadows, near rivers, late snowbeds ; on andesite, gneissic bedrock, siliceous rock, from 350
to 4750 m.
Specimens examined (190), selected for description : AUSTRIA. Tirol : Vent. Breslauer
Hütte, alpiner Rasen, Bachnähe, Blöcke, Silikatgestein, 2610 m, 1.IX.1993, Maier 8323 (G).
CANADA. Labrador: Torngat Mountains: Nachvak Fjord east flank of Mt. Kaputyat. Boulder
slopes and gulleys with low cliffs in gneissic bedrock. Occasional late snowbeds and associated
snow-flush areas. On very shaded, wet cliff ledges near summit, 800-1200 m, 59°06’N,
63°53’W, 19.VIII.1986, Hedderson 5096 (G). NEW ZEALAND. Wellington Land District:
Mount Ruapehu, near Ski Club Hut, ca 6000 ft, on andesite rock, 39°19’S, 175°30’E, I.1930,
Sainsbury 799 (CHR). ROMANIA. Karpaten : Bucegi-Gebirge : Cerbului-Tal W von Azuga,
an feuchten Silikatgesteinsblöcken, 1.VIII.1985, Siegel s.n. (G). SWITZERLAND. Grisons :
Lavin 1540 m, siliceous boulders, 6.VII.1989, Maier 2948 (G); La Punt, 2180 m, Albulapass,
Granitblock in alpiner Weide, viele nasse Stellen, 30.VI.1991, Maier 5751 (G). U.K. Falkland
Islands Dependencies: Grimmia immersoleucophaea Müll. Hal. South Georgia, Koppenberg ad
rup., 19.V.1883, Will s.n. (PC). U.S.A. Colorado: Clear Creek County 11.000’, 14.VIII.1972,
Hermann 24938 (G).

47. Grimmia tergestina Bruch & Schimp., Bryol. Eur. 25-28, Grimmia: 24. 1845 (Figs. 47.1-18).
Type : [ITALY]: Bosco di Melara bei Triest, auf Schiefer (thonigem Sandstein) an der
Wasserscheide zwischen Longera und Rozzol, III.1845, Tommasini s.n. (Lecto-: BM)
(lectotypified by CAO & VITT, 1986: 178) (Figs. 47.19-21, from Tommasini s.n., BM).
 Grimmia brandegei Austin in Bull. Torrey Bot. Club 6: 45. 1875.
Type : [U.S.A. Colorado]: Colorado, 1875, Brandegee s.n. (Lecto-: NY) (lectotypified
by MUÑOZ, 1999a : 163) (synonymized with G. plagiopodia Hedwig by OCHYRA &
BEDNAREK-OCHYRA, 1994: 669) syn. nov. (Figs. 47.22-23, from Brandegee s.n., NY).

Figure 47.– Grimmia tergestina Bruch & Schimp.: 1, perichaetial leaf ; 2, perigonial leaf ; 3, plant with sporophyte ;
4, transverse section of stem ; 5-6, leaves ; 7, outlines of transverse leaf sections ; 8, cells in leaf base ; 9-10, transverse sections of
leaf ; 11, epidermal cells of seta ; 12, exothecial cells ; 13, transverse section of capsule ; 14, calyptra ; 15, operculum ; 16, cells
of operculum at base; 17, peristome teeth, outer side ; 18, peristome tooth, longitudinal section.
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 Grimmia tergestina f. epilosa Limpr., Laubm. Deutschl. 1: 740. 1889.
Type : AUSTRIA. Tirol : Innervillgraten, von senkrechten Kalkwänden in “Kalchstein”, c. 5600’, 22.V.1890, Gander s.n. (Holo-: BP) (synonymized by MAIER, 2002b:
229) (Figs. 47.24-26, from Gander s.n., BP) [in MAIER, 2002b : 225, erroneously
cited as G. limprichtii f. epilosa Limpr.]).
 Grimmia crinitoleucophaea Cardot in Rev. Bryol. 17 : 18. 1890.  Gasterogrimmia
poecilostoma Cardot & Sébille in Rev. Bryol. 28: 118. 1901 [nom. illeg.].  Grimmia
poecilostoma Limpr., Laubm. Deutschl. 3: 713. 1902 [nom. illeg.].
Type : FRANCE. Puy-de-Dôme : Grimmia crinito-leucophaea Cardot. Rochers granitiques, imprégnés de calcaire. Pont-de-Longue près Clermont-Ferrand, IV.[18]88,
Gasilien s.n. (Lecto-: PC, not seen ; syn-: PC) (lectotypified by MUÑOZ, 1999a : 164)
syn. nov. (Figs. 47.27-29, from Gasilien s.n., PC).
 Grimmia crassifolia Broth. in Acta Soc. Sci. Fenn. 19(12): 84. 1892.
Type : [RUSSIA]. Ossetia : In valle fl. Ardon, inter Alagier et Misurtsy, ad rupes
aridissimas, VII.1877, Brotherus s.n. (Lecto-: H-BR ; isolecto-: JE) (lectotypified and
synonymized with G. poecilostoma Cardot & Sébille by MUÑOZ, 1999a : 164) syn.
nov. (Figs. 47.30-32, from Brotherus s.n., JE).
 Grimmia gymnostoma Culm. in Rev. Bryol. 23: 108. 1896.
Type : [SWITZERLAND]. Appenzell : An Kalkfelsen am Ostabhang der Ebenalp,
1640 m, 24.VIII.[18]96, Culmann s.n. (Lecto-: PC not found ; isolecto-: Z ; syn-: Z,
Hohenkasten an Felsen, 1790 m, 30.VIII. [18]86, Culmann s.n.) (lectotypified and synonymized with G. poecilostoma Cardot & Sébille by MUÑOZ, 1999a : 164) syn. nov.
(Fig. 47.33, from Culmann s.n., Z) (Fig. 47.34, from Culmann s.n., Z).
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Figure 47. cont.– Grimmia tergestina Bruch & Schimp.: 20, cells in leaf base ; 21, transverse section of leaf ; 22, leaf ;
23, transverse section of leaf ; 24, leaf ; 26, transverse section of leaf; 29, transverse section of leaf ; 32-33, transverse sections
of leaf ; 35, leaf ; 36, cells in leaf base ; 38, leaf ; 39, cells in leaf base.
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 Grimmia limprichtii Kern in Rev. Bryol. 24: 56. 1897.
Type : ITALY: Dolomiten, Palagruppe, überhängende Felsen oberhalb des Rollepasses, 2100 m, 29.VII.1896, Kern s.n. (Lecto-: FH, not seen ; isolecto-: Z, GOET)
(lectotypified and synonymized with G. anodon Bruch & Schimp. by MUÑOZ &
PANDO, 2000: 16) (synonymized by MAIER, 2002b : 229) (Figs. 47.35-37 from Kern
s.n., Z).
 Grimmia obtusifolia C. H. Gao & T. Cao in Acta Bot. Yunnan. 3: 394. 1981.
Type: CHINA. Tibet: 3570 m, (Lang Kai-yong), 5.VI.1976, Lang 13471 (Holo-: ISPH,
not seen; para-: ALTA) (synonymized by MAIER, 2002b: 229-230) (Figs. 47.38-40, from
Lang 13471, ALTA).
 Grimmia torenii Hastings in Bryologist 111: 464. 2008.
Type : U.S.A. California : Lake Co, Lake Pillsbury area, Eel River watershed. R10W,
T18N, section 16. Lat/Long: 39 degrees 24.5N, 122 degrees 58.8W. Elev. 585 meters.
Associated with Grimmia montana and Grimmia laevigata. Mixed conifer and Oregon
Oak community. Exposed metavolcanic rock outcrop in sun. 20.V.2006, Toren &
Dearing 9477 (Holo-: PMAE) syn. nov. (Figs. 47.41-42, from Toren 9477, PMAE).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 47.1) 1.8-2.0 mm
long, sheathing to apical part, concave, ovate, hyaline to different extent, at least at apex some
chlorophyllose cells, at margin from insertion to broadest part of leaf a row of rhombic or
rhomboid cells, in broadest part cells hyaline, rhombic, costa excurrent into denticulate hairpoint ; male : often in separate cushions, perigonia as multifoliose buds terminal or above
branching of young shoots, innermost perigonial leaf (Fig. 47.2) to 1 mm long, sheathing
to apical part, ovate or broad-ovate, two-thirds of leaf hyaline, at margin 1 or 2 rows of mostly
rhombic or rhomboid cells, vanishing below apical part, costa weak, vanishing below
rounded, muticous apex, in apical part cells chlorophyllose, antheridia with few paraphyses.
Growth form : cushions adherent to substrate, easily disintegrating, young shoots originating
from stem and rhizoids, leaflets mostly muticous, stems to 20 mm long, plants (Fig. 47.3)
erect, radiculose at base, scarcely branched, central strand (Fig. 47.4) developed. Leaves in
lower part of stem small, becoming longer to stem tip, to 2.8 mm, developing hair-point,
loosely arranged on stem, erect when dry, older leaves rapidly bending backwards, younger
leaves moving slightly from stem when moistened, erectopatent when wet, from broad-ovate
leaf base lingulate with rounded apex (Fig. 47.5), or lanceolate with acute apex (Fig. 47.6),
hair-point slightly denticulate, rarely strongly denticulate ; leaf form in situ (Fig. 47.7) in leaf
base widely concave, in laminal part concave, margins plane; basal paracostal cells (Fig. 47.8)
elongate-rectangular, walls slightly nodulose or smooth, towards margin cells shorter, at
margin above insertion some rows rectangular or quadrate, walls smooth, in transitional

Figure 47. cont.– Grimmia tergestina Bruch & Schimp.: 19, leaf ; 25, cells in leaf base ; 27, leaf ; 28, cells in leaf base ;
30, leaf; 31, cells in leaf base; 34, transverse section of leaf; 37, transverse section of leaf; 40, transverse section of leaf.
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part cells quadrate, in laminal part isodiametric, lumina rounded ; seen in transverse sections
(Figs. 47.9-10), leaf base unistratose, in transitional part bistratose in places, in laminal part
bistratose or tristratose in places, margin unistratose in leaf base, bistratose in laminal part, in
apical part occasionally tristratose. Costa, seen on dorsal side (Figs. 47.5-6), broadest at insertion, becoming smaller in leaf base and lower laminal part, indistinct in upper laminal part, seen
in transverse sections (Figs. 47.9-10), on dorsal side at insertion and in leaf base convex,
rounded in laminal part, indistinct in upper laminal part, on ventral side at insertion nearly
plane, from leaf base to apex wide-channelled, at insertion 6-8 ventral cells, number not clearly
delimited due to presence of bistratose paracostal cell rows at one or both sides of leaf axis, in
leaf base 6 guide cells, in transitional part reduced to 3 or 4 guide cells, in laminal part to apical
part 2 guide cells, hardly distinct or indistinct due to similarity to lamina cells, a median central
group of hydroids present, from insertion to apex gradually diminishing, probably reaching
hair-point (hard to discern), hydroids occasionally transformed to substereids.
Sporophyte. Seta to 0.6 mm long, not twisted when dry, straight or curved in S-form
when wet, epidermal cells arranged (Fig. 47.11) parallel to axis, vaginula 0.1 mm long, ovoid,
with ochrea. Capsule immersed, upright or inclined, obloid and symmetric or ovoid and ventricose, pachydermous, smooth, exothecial cells (Fig. 47.12) irregular, elongate-rectangular,
rounded or pentagonal, walls thin or thickened, seen in transverse section of capsule, exterior
cell walls slightly bulging (Fig. 47.13), stomata numerous at transition between seta and base
of capsule, neck lacking, spore sac on short stalk creating air space, annulus of 2 or 3 rows
of cells, detaching from mature capsules as spirals. Calyptra (Fig. 47.14) mitrate, lobed,
completely covering operculum and annulus. Operculum (Fig. 47.15) conical, rostrate or
rostellate, beak straight, base smooth or serrulate (Fig. 47.16), formed by 1 or 2 rows of tilelike cells, in conical part cells pentagonal or hexagonal, walls thin. Peristome (Fig. 47.17)
teeth spreading when dry, lanceolate, perforate or irregularly split into small divisions nearly
down to insertion, often imperfect or rudimentary, trabeculae thin, dorsal and ventral sides
densely covered with fine papillae, seen in longitudinal section (Fig. 47.18), teeth inserted
at outermost margin of orifice, tooth base anchored to orifice by thickened walls of capsule
wall cells, 3 layers of cells between exothecium and teeth present, outer plates of nearly the
same thickness as inner plates except the 2 lowest outer plates being slightly thicker, trabeculae distant, scarcely protuding except 1 or 2 of the lowest plates that are markedly protruding.
Spores 10-12 μm, finely granulose.
Diagnostic characters.– Gametophyte. Leaves with margin bistratosity in laminal part
not correlated to lamina stratosity: even nearly unistratose leaves have at least 1 or 2 marginal
bistratose cell rows ; guide cells in laminal part hardly distinct or even indistinct from lamina
cells, due to their similarity to the lamina cells. This feature is unique to this species from
within Grimmia, as treated for this study. Sporophyte. Capsule with spore sac on short stalk,
creating air space. Peristome teeth inserted at outermost margin of orifice, anchored by thickened walls of cells of capsule wall, inner and outer plates of nearly the same thickness except
the 2 lowest outer plates being slightly thicker.
Comparison of the examined specimens with the type specimen of G. tergestina
shows correspondence in leaf shape (Fig. 47.19), cells in leaf base (Fig. 47.20), and costal
architecture (Fig. 47.21).
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Argumentation for synonymy.– The type specimen of G. brandegei shows correspondence
in leaf shape (Fig. 47.22), and costal architecture (Fig. 47.23) with the type specimen of
G. tergestina. The type specimens of G. tergestina f. epilosa, G. crinitoleucophaea, G. crassifolia,
G. limprichtii, and G. obtusifolia show correspondence in leaf shape (Figs. 47.24, 47.27,
47.30, 47.35, 47.38), cells in leaf base (Figs. 47.25, 47.28, 47.31, 47.36, 47.39), and costal
architecture (Figs. 47.26, 47.29, 47.32, 47.37, 47.40) with the type specimen of
G. tergestina. The specimens of the isolectotype and the syntype of G. gymnostoma show correspondence in costal architecture (Figs. 47.33, 47.34) with the type specimen of G. tergestina.
The type specimen of G. torenii shows correspondence in leaf shape (Fig. 47.41) and costal
architecture (Fig. 47.42) with the type specimen of G. tergestina.
Note.– The proposal to conserve the name ‘Grimmia poecilostoma Cardot & Sébille’
against G. crassifolia Broth. and G. gymnostoma Culm. (MUÑOZ, 2000a : 287) is not recommended (see explanation in ZIJLSTRA, 2002: 793-794).
Comments.– Leaf shape variable : lingulate as well as narrowly lanceolate forms may be
seen, apices are rounded or acute, hair-points nearly smooth or roughly dentate, elongate or
short, reduced to some hyaline cells or not developed at all, in which case the apex may be
cucullate ; cells in leaf base may be quadrate or even transversely rectangular with thickened
walls, except some rows of elongate-rectangular paracostal cells ; stratosity varies, particularly
in upper laminal part, from nearly unistratose to nearly or completely bistratose in plants
with muticous leaves, in plants with hair-points it can vary from bi- to partly tristratose in the
laminal part.
In a cushion of a specimen named G. torenii leaves were found with bulging cells that
had hyaline outer walls and were irregularly distributed on one or both surfaces of the lamina
(Fig. 47.41), essentially in the apical region. Not all leaves of a particular plant possessed this
lesion (probably a loss of chlorophyll that was destroyed by the effects of full sun exposure).
This phenomenon is not restricted to this taxon. It has been observed, for instance, in G. kidderi that was growing on lava scree and volcanic rocks, a similar habitat to the exposed
metavolcanic rock outcrop, in full sun, where the specimens named G. torenii were collected.
Setae are either straight (capsules then radially symmetric) or curved (capsules then
bilaterally symmetric, ventricose). Gastrocarpy, however, has been overemphasized for taxonomic purposes (LOESKE, 1930: 16). Plants with bilaterally symmetric capsules and curved
setae show the same peristome characters as those with radially symmetric capsules and
straight setae (MAIER, 2002b: 227, Figs. 24.20-21).
Occasionally peristomes are not developed at all, such as in material named G. tergestinoides f. gymnostoma (NOWAK & POELT, 1979 : 123) or are rudimentary or incompletely
developed, as in a type specimen of G. gymnostoma. In these cases, however, fragments of
teeth or diaphanous structures may be found in the operculum or at orifice of the capsule.
Deep splits and strong perforation of teeth as well as their insertion at the outermost rim of
the orifice may be the reasons for the fragility of the peristome of G. tergestina; in any case the
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characteristic cell structure at the insertion of the teeth in the capsule, seen in longitudinal
section (Fig. 47.18), is maintained. Plants with incomplete development of sporophytic
characters (SEBILLE, 1901 : 122, pl.) have been named G. poecilostoma or G. tergestinoides.
In CORLEY & al. (1981: 624) they are both treated as synonymous with G. tergestina.
The specimen G. manniae [in part] (Mann s.n., NY) contains G. alpestris and
G. tergestina. The specimen is noted here for the distribution of G. alpestris in the U.S.A.
(California).
For G. brandegei, the packet of the specimen (NY, under the number NY00373092),
contained two small packets, (1) annotated as G. poecilostoma Cardot & Sébille, and (2),
annotated as G. plagiopodia which had been separated and annotated by Muñoz. The protologue describing G. brandegei is a perfect representation of G. tergestina. The material in
packet (1) is G. tergestina [= G. poecilostoma], corresponding to the protologue and the annotation. This part has been selected as lectotype for G. brandegei. The material in packet (2) is
G. plagiopodia, as already stated by OCHYRA & BEDNAREK-OCHYRA (1994 : 669), and, inside
this is a smaller packet containing G. anodon. These sub-packets should be excluded from the
type material.
Distribution.– Africa : Tanzania. Asia : China (Tibet), India, Mongolia, Pakistan, Russia,
Turkey. Europe : Austria, France, Italy, Serbia-Montenegro, Switzerland. North America :
U.S.A. (Alaska, California).
Habitat and substrate.– On top of walls in vineyards, in gorges, in dry grasslands, steppe
vegetation, subarctic steppe, granitic alluviums ; on concrete, limestone, loess, sandy soil,
schist, siliceous rock, from 370 to 4870 m.
Specimens examined (80), selected for description : MONGOLIA : Ömnögor-Aimak ;
Gurvan-Sajchan-uul, Dund-Sajchan ; Jolyn-am (Sog. “Adlerschlucht”) im Gobi Altai, auf
Löss, 22.VI.1988, Siegel s.n. (G). SWITZERLAND. Valais : Fully 500 m, les Follatères,
rocks, on loess 12.III.1991, Maier 4994 (G) ; Sierre, St. Clement, 620 m. Trockenrasen,
Steine, Kalkgestein, 15.III.1994, Maier 9655 (G). TANZANIA : Mt. Kilimanjaro. On path
between Peter’s Hut and Kibo Hut, 13.500’, 2.V.1953, Wood s.n. (BM). U.S.A. Alaska : Big
Delta Quad. Delta R. bridge, Richardson Hwy., 64°09’N, 145°50’W, 300 m, subarctic step
bluff, S-facing slope of bluff on N-side of river, frequent on schist outcrops, 13.IX.1990,
Murray s.n. (G).

Figure 47. cont.– Grimmia tergestina Bruch & Schimp.: 41, transverse section of leaf; 42, leaf.
[1-2, 11-18, Maier 9655 (G) ; 3, Maier 4994 (G) ; 4-5, 7, 9, Wood s.n. (BM) ; 6, 8, Siegel s.n. (G) ; 10, Murray s.n. (G).
Analysis of the type specimens : Grimmia tergestina Bruch & Schimp.: 19-21, Tommasini s.n. (BM) ; Grimmia brandegei Austin :
22-23, Brandegee s.n. (NY) ; Grimmia tergestina f. epilosa Limpr.: 24-26, Gander s.n. (BP) ; Grimmia crinitoleucophaea Cardot :
27-29, Gasilien s.n. (PC); Grimmia crassifolia Broth.: 30-32, Brotherus s.n. (JE); Grimmia gymnostoma Culm.: 33, Culmann s.n.
(Z - isolectotype), 34, Culmann s.n. (Z - syntype) ; Grimmia limprichtii Kern : 35-37, Kern s.n. (Z) ; Grimmia obtusifolia
C. H. Gao & T. Cao: 38-40, Lang Kai-Yong 13471 (ALTA); Grimmia torenii Hastings: 41-42, Toren & Dearing 9477 (PMAE)]
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48. Grimmia torquata Drumm., Musci Scot. 2: n° 28. 1825 [in sched.] (Figs. 48.1-7, 14).
Type: U.K. [Scotland]: Rocks among the Clova mountains, always without fruit, s.d.
Drummond s.n. (Lecto-: E) (lectotypified by GEISSLER & MAIER, 1995: 505) (Figs. 48.810, from Drummond s.n., E, reproduced from GEISSLER & MAIER, 1995: 512).
 Grimmia cernua f. atra Nees & Hornsch., Bryol. Germ. 2(1): 178. 1827.
Type : [AUSTRIA]: Grimmia cernua ß spiralis a. atra, Herb. Nees v. Esenb. Herrn
Sturm, s.d., s.coll. s.n. (Lecto-: G) (lectotypified and synonymized by MUÑOZ &
PANDO, 2000: 76) (Figs. 48.11-13, from s.coll. s.n. G).
Gametophyte. Dioicous. Female : perichaetia not seen. male : perigonia not seen.
Growth form : cushions dense, compact, adherent to substrate with rhizoids, disintegrating
easily, young shoots originating from older stem parts, leaflets lanceolate, acute, loosely
arranged on stem, apices pointing to stem of shoot, stems to 50 mm long, plants (Fig. 48.1)
decumbent, branched, lower part dark-brown or blackish, comal tuft green or yellowish-green,
central strand (Fig. 48.2) small or lacking. Leaves (Figs. 48.3, 48.8, 48.11) to 1.6 mm long,
crowded, spirally turned around stem with apices incurved in dry state (Fig. 48.4), stretching
very slowly when moistened, erectopatent when wet (Fig. 48.1), from ovate leaf base elongate-lanceolate, slightly asymmetric, one side nearly straight, opposite side rounded, apex
acute, muticous or with short smooth hair-point, end-cell sharply pointed, propagules multicellular, on stalks, rounded, brown, developed on dorsal side of costa above leaf base; leaf form
in situ (Fig. 48.5) at insertion concave, from above leaf base to apex narrowly keeled, margin
in leaf base on the non-rounded side slightly recurved, in upper laminal part margins plane ;
basal cells (Figs. 48.6, 48.12) elongate-rectangular, walls strongly thickened, mostly nodulose, rarely smooth, at margin 1 row of hyaline, rectangular, smooth-walled cells, vanishing at
broadest part of leaf, in transitional part (Fig. 48.6) cells rectangular with thickened, nodulose walls, upper laminal cells irregular, isodiametric, rounded or transversely oval, all cell
walls strongly thickened, more or less sinuose, the exterior walls bulging (Fig. 48.7); seen
in transverse section (Figs. 48.7, 48.13), leaf base and lamina unistratose, margin unistratose
or in apical part 1 or 2 marginal cell rows bistratose. Costa, seen on dorsal side (Figs. 48.3,
48.8), from insertion to apex percurrent in S-shape, at insertion small, becoming larger in
laminal part, seen in transverse section (Figs. 48.7, 48.13), on dorsal side from insertion to
apical part rounded, the dorsal cell walls bulging or mammillous, often hyaline, on ventral
side at insertion and in leaf base channelled, in laminal part narrowly channelled, at insertion
and in leaf base 4 guide cells, the 2 outer ones contiguous with the basal cells, in laminal part
2 guide cells, at broadest part of costa narrowly elliptical, obliquely arranged (Fig. 48.7) to
leaf axis, a median band of substereids or stereids present, hydroids lacking.

Figure 48.– Grimmia torquata Drumm.: 1, stem in wet state ; 2, transverse section of stem ; 3, leaf; 4, stem in dry state ;
5, outlines of transverse leaf sections; 6, cells in leaf base; 7, transverse section of leaf; 8, leaf; 9, cells in leaf base; 10, transverse
section of leaf; 11, leaf; 12, cells in leaf base; 13-14, transverse sections of leaf.
[1, 4, Maier 5862 (G) ; 2-3, 5-6, Maier 5965 (G) ; 7, Lübenau A1345 (G) ; 14, Anoectangium aestivum (Hedw.) Mitt.,
s.coll. s.n. (G). Analysis of the type specimens : Grimmia torquata Drumm.: 8-10, Drummond s.n. (E) ; Grimmia cernua f. atra
Nees & Hornsch.: 11-13, s.coll. s.n. (G)]
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Sporophyte : not seen. The following description of a sporophyte is taken from
BRITTON (1889a : 38) : “Capsule exserted on a slender curved pedicelle, erect and twisted
when dry ; capsule less than 1 mm long, prolate-spheroidal when young, cylindrical and
ridged when old and brown; operculum with a long straight rostrum; … annulus none”, and,
in another description later on by BRITTON (1889b : 64) the following description is given :
“the annulus is composed of 4 rows of irregular cells, falling in fragments, often one row
attached to the mouth of the capsule and one at the edge of the operculum”. In the same year,
BRITTON (1889c : 107, tab. XCL) published a third, extended description with drawings.
LIMPRICHT (1889 : 775) translated the descriptions into German. Based on the curved
seta and the “ridged” capsule, G. torquata appears to be related to members of the subgenus
Rhabdogrimmia Limpr.
Diagnostic characters.– Gametophyte. Leaves in dry state arranged spirally around the
stem with apices incurved, in comal tuft of yellowish-green colour. Costa, seen on dorsal side,
from insertion to apex percurrent in S-shape (Fig. 48.3), seen in transverse section, in laminal
part 2 narrowly elliptical guide cells, obliquely arranged to leaf axis, the dorsal walls of the
costal cells are bulging, mammillose and hyaline. Propagule development on dorsal side of
costa above leaf base.
Comparison of the specimens examined with the type specimen of G. torquata shows
correspondence in leaf shape (Fig. 48.8), cells in leaf base (Fig. 48.9), and costal architecture
(Fig. 48.10).
Argumentation for synonymy.– The type specimen of G. cernua f. atra shows correspondence in leaf shape (Fig. 48.11), cells in leaf base (Fig. 48.12), and costal architecture
(Fig. 48.13) with the type specimen of G. torquata.
Comments.– Concerning the specimens of G. torta Nees & Hornsch., Bryol. Germ. 2(1):
179. 1827 – [AUSTRIA]: “Grimmia torquata mihi, ex alpibus, Grimmia tor(qua)ta Herrn
Sturm”, s.d., s.coll. s.n. (lecto-: G); and [AUSTRIA] “Grimmia torta Hornsch. Rauriser Tauern”,
1821, Laurer s.n. (syn-: BM) that were lectotypified and synonymized with G. torquata Drumm.
by MUÑOZ & PANDO (2000: 76) - both turned out to be Anoectangium aestivum (Hedw.) Mitt.
(Fig. 48.14, from s.coll. s.n., G).
The communication published by HAGEN (1909 : 52), that the stem of G. torquata is
triangular, could not be confirmed. The specimens examined for this study all had rounded
transverse stem sections.
Distribution.– Europe : Austria, France, Germany, Iceland, Norway, Switzerland, U.K.
(Scotland). North America : Canada (British Columbia, Labrador, Newfoundland), U.S.A.
(Alaska, Idaho, Colorado).

Grimmia torquata

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

Habitat and substrate.– In shady and sheltered places, such as cavities and undersides of
overhanging rocks in forests, on humid and shady vertical rock faces, near glaciers; on basalt,
siliceous rock, from 370 to 3200 m.
Specimens examined (30), selected for description : AUSTRIA. Osttirol : Hohe Tauern,
Äussere Steineralm, Wasserfall, Blockhalde, feuchte Ritzen, 1900 m, 30.VIII.1988, Lübenau
A1345 (G). SWITZERLAND. Grisons: Bergün, Crap Alv, N-exp. feuchte Felswand, 2050 m,
10.VIII.1991, Maier 5965 (G); Davos, Sertigtal, Waldweg, übererdeter Fels, 1740 m, 8.VIII.
1991, Maier 5862 (G).

49. Grimmia tortuosa Hook. f. & Wilson in London J. Bot. 3: 540. 1844 (Figs. 49.1-11).
Type : [U.K.] Falkland Islands Dependencies : Antarct. Exp. 1839-1843, s.d.,
Hooker s.n. (Lecto-: BM, not seen ; isolecto-: NY) (lectotypified by M UÑOZ ,
1999a : 174) (Figs. 49.12-14, from Hooker s.n., NY).
Gametophyte. Monoicous. Female : perichaetia not seen ; male : perigonia not seen.
Growth form : cushions dense, compact, adherent to substrate with smooth rhizoids, stems to
10 mm long, plants (Fig. 49.1) sap-green, radiculose at base, ascending, branched, central
strand well-developed (Fig. 49.2) or lacking (Fig. 49.3), showing intermediate states in the
same stem. Leaves 0.3-1.0 mm long, in lower part of stem muticous, suddenly becomimg
markedly longer (Figs. 49.4-5) to 2-3 mm, crowded, contorted, forming comal tuft when
dry, scarcely moving when moistened, erectopatent, stiff when wet, from elongate leaf base
lanceolate, tapering to acute or obtuse apex, hair-point of different lengths, bluntly denticulate ; leaf form in situ (Fig. 49.6) at insertion and in leaf base concave, in transitional part
widely keeled, in lower laminal part keeled, in upper laminal part narrowly or very narrowly
so, margins plane throughout ; basal cells (Figs. 49.7-8) hyaline, elongate-rectangular, longitudinal and transverse walls of even thickness, thin and smooth, scarcely nodulose, towards
margin the hyaline cell rows gradually vanishing, outermost row reaching to broadest part of
leaf (Fig. 49.9) thus forming between hyaline basal cells and thicker walled chlorophyllose
lamina cells a more or less well expressed delimitation, running obliquely from costa to margin, lamina cells isodiametric, lumina rounded ; seen in transverse sections (Figs. 49.10-11),
lamina unistratose throughout, margin unistratose in leaf base, in upper half of leaf some cell
rows bistratose or tristratose. Costa, seen on dorsal side (Figs. 49.4-5), small in leaf base,
stout in laminal part, percurrent or excurrent into hair-point, seen in transverse sections
(Figs. 49.10-11), at insertion and in leaf base rounded, from there to apex prominent, on
ventral side at insertion plane, in transitional part widely channelled, in upper half of leaf narrowly channelled, from insertion to below apical part 4 guide cells, in apical part 2 guide cells,
at insertion and in leaf base costa composed of nearly uniform substereids, transformed in
laminal part to a large band of stereids, dorsal cells with large lumina, hydroids lacking
throughout.

Grimmia torquata – Grimmia tortuosa

333

334

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

Sporophyte. The sporophytes seen were either too young or to decomposed for a
correct investigation of them to be done.
Diagnostic characters.– Gametophyte. Leaves with margins on both sides plane
throughout, marginal cells elongate, hyaline. Costa in laminal part prominent, with a large
band of stereids, hydroids lacking throughout.
Comparison of the specimens examined with the type specimen of G. tortuosa shows correspondence in leaf shape (Fig. 49.12), cells in leaf base (Fig. 49.13), and costal architecture
(Fig. 49.14).
Comments.– The description of G. tortuosa provided here is based on the type specimen
seen from NY, on the accounts of this species provided in CAO & CHURCHILL (1995b : 515517) and MUÑOZ (1999a : 174) as well as on the protologue in HOOKER & WILSON (1844 :
540). The drawings were made from both the type specimen and one collected from South
Africa (Hedderson 14459, BOL) as well as a specimen of G. mauiensis Greven H61 from NY.
GREVEN (2003: 148) published G. mauiensis Greven [mauiense] from Hawaii, mentioning in the protologue the following type specimens : Greven & Kortselius H 59 as holotype
(NY), Greven H 60 and Greven H 62 as isotypes (BISH, BM, herb. Greven). The specimens
Greven & Kortselius H 59 and Greven H 60 were either not seen or not found in the herbaria
cited in the protologue. A collection Greven H 61 (NY), annotated by Greven but not cited in
the protologue for G. mauiensis, turned out to be G. tortuosa.

0.1 mm
2-3, 7-11

0.4 mm
6

1 mm
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Figure 49.– Grimmia tortuosa Hook. f. & Wilson : 1, plant ; 2-3, transverse section of stem ; 4-5, leaves ; 6, outlines of
transverse leaf sections; 7-8, cells in leaf base; 9, cells at margin above transitional part; 10-11, transverse sections of leaf.
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Some of the characters of G. tortuosa suggest a relationship between it and G. donniana.
The gametophytes of these two taxa have the following characters in common: the plane leaf
margins, the elongate-rectangular, very thin and smooth-walled hyaline basal cells, the more
or less oblique delimitation line between the hyaline cells in the leaf base, the chlorophyllose
cells in the lower laminal part, and the prominence of the costa in the laminal part (MAIER
(2002b : 169, Fig. 5.10)). The sporophyte of G. tortuosa following MUÑOZ (1999a : 174)
has a smooth capsule. The drawings given by CAO & CHURCHILL (1995b: 516) of the sporophytic characters, especially the calyptra and the operculum, could be a representation of
the sporophyte of G. donniana. The cited short seta and the capsules with the extremely
thick-walled exothecial cells, as seen by CAO & CHURCHILL (1995b, Fig. 1.12) and in
MUÑOZ (1999a: 175, Fig. 43.G), appear also in G. donniana specimens growing under harsh
conditions at high altitudes. Such plants have been collected in New Zealand and named
G. incrassicapsulis. See comments under species 14. G. donniana. The contorted leaves, the
prominent costa showing a broad band of stereids, and the lack of hydroids are peculiar
features of G. tortuosa and distinguish this species from G. donniana. The conclusion of CAO
& CHURCHILL (1995b : 517) that ‘it seems that G. tortuosa belongs to subgenus Grimmia’ is
supported here.
To date G. tortuosa is known only from the Southern Hemisphere. The occurrence of
G. tortuosa on the Hawaiian Islands is surprising. To get an insight into the distribution
of G. tortuosa on Hawaii, about 50 selected specimens from BISH that were from the same
area where the specimens named G. mauiensis were found, have been studied. No G. tortuosa
was found and the record of Greven H 61 seems to be doubtful. Based on this single report of
G. tortuosa from the Northern Hemisphere, and the study of BISH specimens from Hawaii,
G. tortuosa is not confirmed in this work as being present in the Northern Hemisphere.
Distribution.– Africa: South Africa. South America: (Falkland Islands).
Habitat and substrate.– Valleys where snow accumulates; on sandstone, from ≈770 (the
highest point in the Falkland Islands) to 1940 m (in South Africa).
Specimens examined (3), selected for description : [U.S.A.] Hawaii : Grimmia mauiensis
[mauiense] H.C. Greven. Maui. Haleakala Nat. Park. White Hill summit Haleakala under
volcanic rock alt. 3000 m, 20.V.2001, Greven H 61 (NY). SOUTH AFRICA. Western Cape
Province : Ceres area : Waaihoek Berge. Waaihoek Peak. S-facing valley where snow accumulates in winter, with sandstone outcrops, ca. 1940 m, 33°28’15’’S 19°18’54’’E, MAP SHEET
3319AD, 18.III.2002, Hedderson 14459 (BOL).

Figure 49. cont.– Grimmia tortuosa Hook. f. & Wilson: 12, leaf; 13, cells in leaf base; 14, transverse section of leaf.
[1-4, 6-7, 9-10, Hedderson 14459 (G) ; 5, 8, 11, Greven H 61 (NY). Analysis of the type specimen : Grimmia tortuosa
Hook. f. & Wilson: 12-14, Hooker s.n. (NY)]
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50. Grimmia trichophylla Grev., Fl. Edin.: 235. 1824 (Fig. 50.1-24).
Type : [U.K.]. Scotland : near Edinburgh, 1821, s.coll. s.n. (Lecto-: E [herb.
Greville]) (lectotypified by GEISSLER & MAIER, 1995 : 505) (Figs. 50.25-27, from
s.coll. s.n., E).
 Grimmia stirtonii Schimp., Syn. Musc. Eur. ed. 2: 270. 1876.
Type : [U.K.]. Scotland : Near Glasgow, VI.1866, Stirton s.n. (Lecto-: BM) (lectotypified and synonymized by MUÑOZ & PANDO, 2000: 78) (Figs. 50.28-30, from
Stirton s.n., BM).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 50.1) 2.0-2.5 mm
long, sheathing to mid-leaf, suddenly narrowed to linear upper part, subulate, lower half of
leaf hyaline, costa in hyaline part weak, in upper part strong, excurrent into weakly denticulate hair-point; male : plants in separate cushions, perigonia numerous on stem in leaf axils in
multifoliose buds on short stalks, innermost perigonial leaf (Fig. 50.2) 1.0 mm, sheathing,
very large, concave, tubulose, apex obtuse, hyaline to apical part, costa weak, ending far below
apex, antheridia with few paraphyses. Growth form : cushions lax, disintegrating easily, young
shoots originating from older stem parts, leaflets elongate-lanceolate, acute, loosly arranged
on stem of shoot, spreading, stems to 30 mm long, plants (Fig. 50.3) erect, branched,
rhizoids at base of stem, central strand well-developed, clearly defined (Fig. 50.4). Leaves
(Fig. 50.5) to 2.7 mm, imbricate, loosely and spirally arranged on stem when dry, bending
quickly backwards when moistened, lower half of leaf erectopatent, the upper half slightly
spreading when wet, from narrow leaf base elongate-lanceolate, tapering to acute apex, hairpoint of variable length, faintly denticulate ; propagule development on dorsal and ventral
sides of leaf base ; leaf form in situ (Fig. 50.6) at insertion and in leaf base one side slightly
plicate, in lower part of lamina keeled, in upper part of lamina narrowly keeled, margin
recurved on one side from insertion to mid-leaf ; basal paracostal cells elongate (Fig. 50.7),
walls straight, smooth or rarely faintly nodulose, towards margin shorter, at margin 2 rows
of rectangular hyaline cells, ending at broadest part of leaf, in transitional part (Fig. 50.8)
isodiametric to elongate-rectangular, walls more or less sinuose, in upper part of lamina cells
isodiametric, lumina rounded ; seen in transverse section (Fig. 50.9), leaf base unistratose,
lamina unistratose, rarely some cell rows bistratose, in apical part some marginal cell rows
bi- rarely tristratose. Costa, seen on dorsal side (Fig. 50.5), of almost uniform width, slightly
weaker at insertion, percurrent, seen in transverse section (Fig. 50.9), on dorsal side rounded,
on ventral side in leaf base widely channelled, in laminal part narrowly channelled, from
insertion to lower part of lamina 4 guide cells, at insertion and in leaf base are added dorsally
and arranged in a second layer, 1, 2 or occasionally 3 slightly smaller cells than the guide cells
(Figs. 50.9-13), from lower part of leaf to apex 2 guide cells, besides a median group of
smaller cells, vanishing in apical part, costal cells are nearly homogeneous, at mid-leaf occasionally a group of some hydroids, stereids or substereids present, often asymmetrically
arranged. Rarely 5 or 6 guide cells may be observed at insertion, but always accompanied by a
second dorsal layer of slightly smaller cells than the guide cells.
Figure 50.– Grimmia trichophylla Grev.: 1, perichaetial leaf ; 2, perigonial leaf ; 3, plant with sporophyte ; 4, transverse
section of stem ; 5, leaf ; 6, outlines of transverse leaf sections ; 7, cells in leaf base ; 8, cells in transitional part ; 9, transverse
section of leaf ; 10-11, transverse sections of leaf at insertion ; 15, exothecial cells ; 16, calyptra ; 17, operculum ; 18, cells of
operculum at base; 19-21, peristome teeth, outer side; 23-24, peristome teeth, longitudinal sections.
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Sporophyte. Seta (Fig. 50.3) to 5 mm long, arcuate, epidermal cells (Fig. 50.14)
arranged parallel to axis, vaginula 0.8-1.0 mm long, cylindrical, with ochrea. Capsule
exserted, pendent, ellipsoid, when mature with 8 ribs, exothecial cells elongate, pentaor hexagonal of various shape, walls curved, thin (Fig. 50.15), seen in transverse section of
capsule, exterior walls smooth, 2 rows of stomata at short neck, annulus of 3-4 rows of cells,
persistent or detaching in small fragments. Calyptra conico-mitrate (Fig. 50.16), lobed at
base, covering operculum and annulus. Operculum rostrate (Fig. 50.17), beak oblique, rarely
straight, base uneven (Fig. 50.18), formed by a row of rounded cells, in conical part cells
elongate, lumina rounded, walls thickened. Peristome (Figs. 50.19-22) teeth straight when
dry, lanceolate, in upper half split into 2 or 3 fine divisions, separated in pairs down to insertion, trabeculae small, rarely broad in lower half, thin in upper half, dorsal side smooth in
lower third, the subsequent plates sparingly covered with fine papillae, the upper half of dorsal side and the ventral side densely covered with lesser fine papillae, seen in longitudinal
sections (Figs. 50.23-24), teeth inserted below orifice, between exothecium and teeth
2-3 layers of cells present, dorsal plates thicker than ventral plates, trabeculae distant, protruding in lower half, in upper half weakly expressed. Spores 10-14 μm, very finely granulose.
Diagnostic characters.– Gametophyte. Leaves with basal paracostal cells elongate,
at margin of leaf base a row of elongate-rectangular, hyaline cells. Costa at insertion and
in leaf base with a second layer of 1, 2 or 3 slightly smaller cells than guide cells present
(Figs. 50.10-11), costal cells in laminal part nearly homogeneous. Sporophyte. Peristome
teeth covered with fine papillae.
Comparison of the specimens examined with the type specimen of G. trichophylla
shows correspondence in leaf shape (Fig. 50.25), cells in leaf base (Fig. 50.26), and costal
architecture (Fig. 50.27).
Argumentation for synonymy.– The type specimen of G. stirtonii shows correspondence in
leaf shape (Fig. 50.28), cells in leaf base (Fig. 50.29), and costal architecture (Fig. 50.30)
with the type specimen of G. trichophylla.
Comments.– In rare cases the lamina may be bi- or tristratose (Fig. 50.13). Very occasionally the development of five or even six guide cells at the insertion is seen.
In LAWTON (1971: pl. 65. 11) an instructive drawing of a transverse section of the costa
of G. trichophylla is given showing the characteristic costal architecture (Figs. 50.10-11) at
and near the insertion of the leaf.

Figure 50. cont.– Grimmia trichophylla Grev.: 12-13, transverse sections of leaf ; 14, epidermal cells of seta ; 22, peristome teeth, outer side; 25, leaf; 26, cells in leaf base; 27, transverse section of leaf; 28, leaf; 29, cells in leaf base; 30, transverse
section of leaf.
[1, 18, 21, 24, Bowdly 157 (E); 2, 12, Hedderson 9777 (BOL, G); 3, Lauer Ka 199 (G, Lauer); 4-5, 11, 15, Mongouillon
s.n. (G, Z); 6, 8, 10, Nebel 171 (STU); 7, 9, Siegel s.n. (G, Siegel); 13, Long 215 (E); 14, 22, Bolander s.n. (HAL); 17, 19, van
Melick 990 938 (G, van Melick); 16, s.coll. s.n. (BM); 20, 23, Dürhammer s.n. (Dürhammer, G). Analysis of the type specimens:
Grimmia trichophylla Grev.: 25-27, s.coll. s.n. (E); Grimmia stirtonii Schimp.: 28-30, Stirton s.n. (BM)]
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A series of G. trichophylla specimens from Australia, housed in MEL, as well as from
South America (Chile), housed in G, and different specimens kept under G. trichophylla
from Australia or New Zealand housed in other herbaria, turned out to be G. consobrina. See
comments under 10. G. consobrina.
Distribution.– Africa : Morocco, Tunisia, Uganda. Europe : Austria, Cyprus, France
including Corsica, Germany, Greece including Naxos, Hungary, Italy including Sardinia,
Portugal, Spain including the Canary Islands (Gran Canaria, Tenerife), Switzerland, U.K.
(England, Scotland). North America : Canada (Newfoundland), U.S.A. (California, Oregon,
Washington).
Habitat and substrate.– In shady places, in forests, gorges, on large blocks in dry grassland, erratic blocks ; on andesite, basalt, gneiss, rhyolite, sandstone, slate, vulcanite, from
200 to 1700 m.
Specimens examined (80), selected for description: CYPRUS. Limassol : Prodhromas; on
the Troodos road. Pinus pallasiana woodland. Alt. 1550 m, 28.IV.1991, Hedderson 9777 (BOL,
G). FRANCE. Sarthe: “Chemiré, rochers”, 16.IV.1892, Mongouillon s.n. (Z); Vosges: “in rupib.
arenac. Vogesi. Vere”, s.d., s.coll. s.n. (BM (herb. Hooker), G). GREECE : Insel Naxos : 1996,
Nebel 171 (STU). HUNGARY. Matrahaza: Matra-Gebirge, auf dem Plateau des Kecskeberec,
an Andesitfelsen, 6.VI.1970, Siegel s.n. (G, Siegel). SPAIN. Tenerife : Puerta de la Cruz. Im
Kanaren-Kiefern-Wald auf Lavagestein häufig, 1650 m, 19.IV.1998, Lauer Ka 199 (G, Lauer);
Aquamansa: Valle de la Orotava, La Caldera. Stones and boulders in Erica woodland, 1100 m,
28.III.1985, van Melick 990 938 (G, van Melick) ; Kiefernwald bei Aquamansa, nahe der
Basaltrosette am Strassenrand, auf Lavagestein, 22.IV.1992, Dürhammer s.n. (Dürhammer).
U.K.: [England] Walls, Catchem’s End, I.1906, Bowdly 157 (E) ; [Scotland] Berwickshire :
Wallace Monument in Dryburgh, basaltic boulders in woodland, 14.IX.1961, Long 215 (E).
U.S.A. California: Grimmia californica Sull., auf Felsen in Oakland, s.d., Bolander s.n. (HAL).

51. Grimmia unicolor Hook. in Grev., Scott. Crypt. Fl. 3: 123. 1825 (Figs. 51.1-18).
Type : U.K. [Scotland]: Clova Mountains, 1824, Drummond s.n. (lecto-: E) (lectotypified by GEISSLER & MAIER, 1995: 505) (Figs. 51.19-21, from Drummond s.n., E,
reproduced from GEISSLER & MAIER, 1995: 513).
Gametophyte. Dioicous. Female : innermost perichaetial leaf (Fig. 51.1) to 2.4 mm
long, sheathing to 3/4 of leaf length, from elongate-ovate leaf base lingulate, apex muticous,
leaf base hyaline, at margin some rows of thin-walled rhombic cells vanishing with sheathing
part, costa percurrent ; male : perigonia not seen. Growth form : cushions compact, adherent
to substrate with rhizoids, young shoots with catenulate aspect originating from older
stem parts, leaflets cordate, apices cucullate, appressed to stem of the shoot, stems to 40 mm
long, plants (Fig. 51.2) decumbent, branched, central strand (Fig. 51.3) developed or
lacking (Fig. 51.4). Leaves (Figs. 51.5-6) to 2 mm long, bottle-green, glossy, in lower part of
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stem small, appressed to stem, apices slightly spreading, in upper part becoming gradually
longer, crowded, imbricate, loosly arranged on stem, slightly inflexed when dry, when moistened older leaves bending backwards, younger ones moving only slightly, when wet sheathing leaf base appressed to stem, laminal part stiff, erectopatent or patent, linear-lanceolate
from elongate or scarcely ovate, slightly decurrent leaf base, apex rounded, muticous, often
cucullate; leaf form in situ (Fig. 51.7) at insertion and in leaf base widely concave or concave,
in laminal part to apex concave, margins plane ; basal paracostal cells (Fig. 51.8) elongaterectangular, towards margin rectangular, at margin 2 or 3 rows hyaline, particularly in
younger leaves, cell walls smooth, in laminal part cells isodiametric, lumina rounded ; seen in
transverse section (Fig. 51.9) leaf base unistratose, in transitional part lamina bistratose in
places, to apex becoming tri- to multistratose, stratosity of margin indistinct from lamina
stratosity. Costa, seen on dorsal side (Fig. 51.5), broad from insertion to lower laminal part,
becoming indistinct to apex, seen in transverse section (Fig. 51.9), at insertion and in leaf
base on dorsal side rounded, in laminal part slightly convex, on ventral side widely channelled
throughout, at insertion 8 guide cells, occasionally 10 ventral cells, in leaf base 6-8 guide cells,
in laminal part to apical part diminishing to 2 guide cells, at apex cells homogeneous,
hydroids and stereids lacking throughout.
Sporophyte. Seta (Fig. 51.2) to 4 mm long, straight, epidermal cells (Fig. 51.10) in
lower half turning to the left, in upper half turning to the right, vaginula 0.8-1.0 mm long,
cylindrical, ochrea not seen. Capsule exserted, upright, ovate or elongate-ovate, smooth,
exothecial cells (Fig. 51.11) irregular, thick-walled, seen in transverse section of capsule, exterior walls smooth, stomata numerous at short neck at capsule base, annulus of 3-4 rows of
cells, detaching as groups. Calyptra (Fig. 51.12) mitrate, lobed, fugacious before capsule
maturity. Operculum (Figs. 51.13-14) conical, beak short or elongate, straight, base smooth
(Fig. 51.15), formed by some rows of irregularly shaped, slightly smaller cells than in conical
part. Peristome (Fig. 51.16) teeth broad at base, lanceolate, perforate in upper half, imperfect at apex, separated down to the lowermost plates, trabeculae thin, lower dorsal side
smooth, dorsal upper side and ventral side densely covered with fine papillae, seen in longitudinal sections (Figs. 51.17-18), teeth deeply inserted below orifice, 3 layers of cells between
exothecium and teeth present, the outer plates much thicker than inner plates, trabeculae
close together, strongly protruding. Spores 10-13 μm, smooth.
Diagnostic characters.– Gametophyte. Leaves with rounded, muticous apex, lamina in
upper part multistratose. Costa, seen on dorsal side from above lower laminal part to apex
indistinct, seen in transverse section, hydroids and stereids lacking. Sporophyte. Peristome
deeply inserted.
Comparison of the specimens examined with the type specimen of G. unicolor shows correspondence in leaf shape (Fig. 51.19), cells in leaf base (Fig. 51.20), and costal architecture
(Fig. 51.21).
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Comments.– Grimmia unicolor may be confused with G. ovalis specimens that lack
hair-points. Those forms have been named G. obtusolinealis or, as cited by LORENTZ (1864 :
94), as G. unicolor f. piligera. Grimmia unicolor and G. ovalis share the same habitats, mixed
populations can be found. Grimmia unicolor never has hydroids, seen in the transverse section
of the leaf, a character that easily distinguishes it from G. ovalis. See also comments under
38.– G. ovalis.
The upper plates of the peristome teeth are fragile and the broken off cell plates tend to
remain in the operculum.
Distribution.– Asia : India, Kashmir, Siberia. Europe : Norway, Sweden, Switzerland,
U.K. (Scotland). North America: Canada (Ontario), U.S.A. (New York).
Habitat and substrate.– On boulders along lake shores, in sunny places in woodland
clearings, in mixed forests, in alpine meadows ; on igneous and siliceous rocks, from 150 to
4300 m.
Specimens examined (25), selected for description : CANADA. Ontario : Somcoe Co.,
Sparrow Lake, on igneous rock, 23.V.1941, Cain 2573 (G); Thunder Bay District, Silver Bay
Conservation Area, south of Lake Shore Drive, ca 10 mi ENE of Thunder Bay. On exposed
rocks along shore of Lake Superior, 15.VII.1990, Allen 9597 (G). NORWAY: Christiania,
s.d., Blytt s.n. (GOET). SWEDEN. Westergötland : Axvall, Klippstrand am Vänersee,
28.VII.1974, Lübenau 3a (G, Lübenau). SWITZERLAND. Obwalden : Engelberg, Stäfeli,
1380 m, alpiner Rasen, Silikatsteinblöcke, 30.VII.1993, Maier 8625 (G). U.S.A. New York :
Hamilton County, Adirondack Mts., Long Lake Village. Shallow sand in depression in boulder in Raquette River, alt. 1650 ft., 3.5 miles Sw., 28.VII.1961, Hermann 16916 (G).
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1 mm
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Figure 51.– Grimmia unicolor Hook.: 1, perichaetial leaf ; 2, plant with sporophyte ; 3-4, transverse sections of stem ;
5-6, leaves ; 7, outlines of transverse leaf sections ; 8, cells in leaf base ; 9, transverse section of leaf ; 10, epidermal cells of seta ;
11, exothecial cells; 12, calyptra; 13-14, opercula; 15, cells of operculum at base; 16, peristome teeth, outer side; 17-18, peristome teeth, longitudinal sections; 19, leaf; 20, cells in leaf base; 21, transverse section of leaf.
[1, 10-13, 16-17, Lübenau 3a (G) ; 2, Maier 8625 (G) ; 3, 5, Allen 9597 (G) ; 4, 6-7, 9, Hermann 16916 (G) ; 8, Cain
2573 (G); 14-15, 18, Blytt s.n. (GOET). Analysis of the type specimen: Grimmia unicolor Hook.: 19-21, Drummond s.n. (E)]
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Remarks on the distribution of Grimmia
Following the advice given by KOPONEN & al. (2003: 139), the information concerning
species distribution data was taken from the labels of the specimens investigated for this study.
Included are the revised specimens kept in E and cited in LONG (2008).
Geographic distribution in the Northern Hemisphere.
From North America to East Asia are G. alpestris, G. anodon, G. decipiens, G. lisae, and
G. unicolor, and, in addition, G. tergestina has an isolated record from Equatorial Africa.
From North America to Europe are G. anomala, G. funalis, G. muehlenbeckii,
G. ramondii, and G. torquata, and, in addition, G. incurva and G. trichophylla which have
disjunct populations in Africa south of the Equator, and G. donniana in northern India.
From Europe to Asia are G. crinita, G. elatior, and G. hartmanii.
Restricted to North America are G. nivalis and G. pulla.
Restricted to Europe are G. caespiticia, G. dissimulata, G. nutans, and G. meridionalis.
Restricted to East Asia are G. handelii, G. macrotheca, G. mammosa, and G. percarinata.
Restricted to North America and to East Asia are G. khasiana and G. pilifera which
represent an intriguing disjunct distribution pattern. HERZOG (1926 : 267, Fig. 100) stated
“… eine merkwürdige Disjunktion Anden-Chinesisches Hochgebirge” (a remarkable AndesChinese high mountains disjunction), and continued “… es handelt sich um die Disjunktion
Mexico-Ostasien” (concerning the Mexico-East Asia disjunction) (HERZOG, 1926 : 306).
SCHOFIELD & CRUM (1972: 174-202), discuss dramatic disjunctions in bryophytes and came
to the conclusion that ‘no single hypothesis is sufficient to accomodate all species within any
disjunctive pattern’.
Restricted to Equatorial Africa is G. abyssinica.
Geographic distributions in the Southern Hemisphere.
From South America to Australia are G. austrofunalis and G. pygmaea.
From South America to Kerguelen Islands is G. kidderi, and to South Africa is found
G. tortuosa.
Restricted to South America is G. humilis.
Restricted to La Réunion is G. maido.
Restricted to New Zealand is G. asperitricha.
Geographic distributions in the Northern and the Southern Hemispheres. Grimmia
atrata, G. bicolor, G. consobrina, G. elongata, G. fuscolutea, G. laevigata, G. longirostris,
G. montana, G. orbicularis, G. ovalis, G. plagiopodia, G. pulvinata, and G. sessitana are found
in both hemispheres.
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Elevational distribution
Species growing at altitudes of between 2300 and 5700 m, are considered as high alpine
taxa. Based on their elevations G. abyssinica, G. bicolor, G. fuscolutea, G. handelii, G. macrotheca,
G. nepalensis, and G. percarinata can be considered as such.
The largest elevational range is found in G. donniana that grows from sea level to 5230 m.
Grimmia alpestris, G. anodon, G. consobrina, G. elatior, G. elongata, G. ovalis, G. sessitana,
G. tergestina, and G. unicolor, are found growing from the foothills to the high alpine zone, thus
they inhabit a range of about 4500 m.
Grimmia sessitana, by its broad distribution across both hemispheres, its presence in
Antarctica, and its vertical distribution range of 350 to 4750 m, may be regarded as the most
widely distributed Grimmia species.
Grimmia asperitricha, G. decipiens, G. dissimulata, G. humilis, G. kidderi, G. lisae,
G. meridio nalis, G. nutans, G. orbicularis, G. pilifera, G. plagiopodia, G. pulvinata, and
G. trichophylla probably do not extend above 2000 m.

Reflections on taxonomic arrangements
The diagnostic characters elaborated for each taxon treated in this study, namely the cell
morphology in the leaf base, costal architecture and sporophyte morphology, unite fifty-one
accepted species in Grimmia. The genus is defined by the primary diagnostic characters of
haplolepidous peristomes [Aplolepideen] with sixteen teeth separated down to the insertion
and costae with ventral guide cells, as previously defined by LIMPRICHT (1889: 694, 722).
The taxa form groups within Grimmia although these groups depend on the choice of
the defining characters used. They do not have the status of a rank, reflecting instead natural
groupings of the species based on morphological and anatomical characters.
Grimmia includes the taxa with:
• smooth capsules on elongate straight setae – G. alpestris, G. anomala, G. asperitricha,
G. atrata, G. bicolor, G. caespiticia, G. donniana, G. elongata, G. hartmanii, G. incurva,
G. khasiana, G. laevigata, G. longirostris, G. montana, G. nivalis, G. ovalis, G. tortuosa
and G. unicolor;
• smooth capsules on elongate inclined setae – G. elongata, G. macrotheca, G. mammosa,
G. percarinata and G. sessitana;
• smooth capsules on short straight setae – G. kidderi, G. tergestina and G. pilifera;
• smooth capsules on short inclined seta – G. crinita;
• smooth capsules on short setae in S-form – G. anodon, G. plagiopodia and G. tergestina.
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Groups can be formed by the two characters of:
• cells in leaf base that are elongate with smooth cell walls – G. donniana, G. elongata,
G. incurva, G. ovalis, G. percarinata, G. sessitana and G. tortuosa;
• cells in leaf base that are elongate with nodulose cell walls – G. khasiana, G. kidderi,
G. longirostris, and G. macrotheca;
• cells in leaf base that are short-rectangular with smooth cell walls – G. alpestris,
G. anodon, G. anomala, G. asperitricha, G. atrata, G. bicolor, G. caespiticia, G. crinita,
G. hartmanii, G. montana, G. nivalis, G. plagiopodia, G. tergestina and G. unicolor.
Groups can be formed based on more than two characters as follows :
• cells in leaf base short-rectangular with smooth cell walls and costa recessed in furrow
and enlarged in apical part – G. alpestris, G. asperitricha, G. caespiticia and G. nivalis; the
affinity between G. alpestris, G. caespiticia and G. nivalis is supported by the morphology of
male plants, which grow in separate cushions: the male plants are much smaller than the
female plants, the perigonia, seen from the cushion in surface view, appear as markedly
swollen, multifoliose buds and their comal leaves bend together thus covering the androecium. In addition, the cells of the setae of G. alpestris, G. asperitricha, G. caespiticia and
G. nivalis turn to the right (male plants of G. asperitricha were not seen);
• cells in leaf base short-rectangular with smooth cell walls and mitrate calyptrae,
setae in S-form with quadrate cells arranged parallel to the axis – G. anodon and
G. plagiopodia;
• cells in leaf base short-rectangular with smooth walls and propagule development
at leaf apices, rim of capsules with two to four rows of small, rounded, hyaline
cells – G. anomala and G. hartmanii;
• cells in leaf base elongate with smooth walls and margins on one side recurved,
annulus cells rounded with narrow lumina, mitrate calyptrae, seta cells turning
to the right – G. elongata and G. incurva;
• cells in leaf base elongate with smooth walls and margins plane – G. donniana
and G. tortuosa; these two taxa appear to be closely related and, as a group, related to
G. elongata and G. incurva;
• guide cells at insertion eight or more than eight, leaves concave, at broadest part
of leaf with a shoulder, laminae at least biseriate and costae indistinct in laminal
part – G. khasiana, G. laevigata, G. mammosa, G. ovalis, G. tergestina and G. unicolor.
The members of this group correspond to the definition of the subgenus Litoneurum
(HAGEN, 1909: 10);
• if the character seta cells arrangement is taken into consideration then Litoneurum
appears to be divided into two groups of three members each : the seta cells of
G. khasiana, G. ovalis, and G. unicolor turn from below left to above right ; the seta
cells of G. laevigata and G. mammosa are arranged parallel to the axis in the lower part
and turn to the right in the upper part, the cells of the very short seta of G. tergestina
are arranged parallel to the leaf axis throughout;
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• if the character peristome insertion is taken in consideration then Litoneurum
may be divided in two groups of four and two members respectively : G. khasiana,
G. laevigata and G. mammosa with peristome teeth that are inserted just below the
capsule rim, in G. tergestina the teeth are inserted at the rim, whereas in G. ovalis and
G. unicolor the teeth are inserted deeply below the rim;
• if the character peristome very deeply inserted below orifice is taken into consideration then G. ovalis and G. unicolor are closely related to each other and, by the possession of this character, distinct from the other species cited above.
Rhabdogrimmia includes the taxa with:
• ribbed capsules on arcuate setae – G. abyssinica, G. austrofunalis, G. consobrina,
G. decipiens, G. dissimulata, G. elatior, G. funalis, G. fuscolutea, G. humilis, G. lisae,
G. meridionalis, G. muehlenbeckii, G. nutans, G. orbicularis, G. pulla, G. pulvinata,
G. pygmaea, G. ramondii, G. torquata and G. trichophylla ; Grimmia fuscolutea occasionally has smooth capsules, the species, however, is maintained in Rhabdogrimmia.
Groups can be formed by two characters as follows:
• cells in leaf base that are elongate with smooth cell walls – G. abyssinica, G. fuscolutea, and G. trichophylla;
• cells in leaf base that are elongate with nodulose walls – G. austrofunalis, G. consobrina, G. decipiens, G. elatior, G. funalis, G. lisae, G. meridionalis, G. muehlenbeckii,
G. orbicularis, G. pygmaea, G. ramondii and G. torquata;
• cells in leaf base that are short with smooth walls – G. humilis, G. nutans, G. pulla
and G. pulvinata.
Groups can be formed by more than two characters as follows:
• cells in leaf base elongate and costa form in an S-shape and leaf shape asymmetric
– G. funalis and G. torquata;
• costa with two narrow-elliptical guide cells, obliquely arranged to the leaf axis
and sinuose lamina cells in transitional part – G. funalis, G. fuscolutea, G. meridionalis and G. pygmaea ; the seta cells of G. funalis and G. fuscolutea are arranged parallel
to the axis in lower part, turning to the right in upper part ; in G. meridionalis and
G. pygmaea the seta cells are arranged parallel to the axis throughout; in G. meridionalis
and G. pygmaea the leaves are arranged around the stem in obvious tiers.
The characters peristome inserted near the capsule rim and teeth anchored by cells
with strongly thickened walls group G. nutans, G. pulvinata and G. pygmaea which
have ribbed capsules, and G. plagiopodia which has a smooth capsule.
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Out of 48 species, 23 can be grouped by more than two characters (see sections “groups
with more than two characters”) : G. anodon, G. plagiopodia ; G. alpestris, G. asperitricha,
G. caespiticia, G. nivalis; G. anomala, G. hartmanii; G. donniana, G. elongata, G. incurva;
G. donniana, G. tortuosa; G. funalis, G. torquata; G. funalis, G. fuscolutea, G. meridionalis,
G. pygmaea; G. khasiana, G. laevigata, G. mammosa; G. khasiana, G. laevigata, G. unicolor;
G. khasiana, G. laevigata, G. mammosa, G. ovalis, G. tergestina, G. unicolor ; G. ovalis,
G. unicolor.
Note.– Grimmia handelii, G. maido and G. nepalensis are excluded from the taxonomic
arrangement because their sporophytes are unknown.
A connection to the genus Racomitrium may be seen in the peristome of G. ramondii.
The peristome teeth are not completely separated down to the insertion but are connected by
the two lowermost ventral cell plates. However, the cell pattern 2:3, following the peristomial
formula for Haplolepidous moss peristomes, defined by EDWARDS (1979: 322), is not altered.
The paradental triseriate tissue constituted of several rows of hyaline transversely arranged
cells, seen on the outer side of the teeth of G. ramondii (Fig. 45.14) is a feature that may
be compared with structures observed by BEDNAREK-OCHYRA (1995 : 47, Fig. 17) in
Racomitrium lanuginosum (Hedw.) Brid. and considered to be a preperistome. A similar structure can be seen in the longitudinal section of a tooth of Racomitrium fasciculare (Hedw.)
Brid., illustrated in DEGUCHI (1979 : 141, Fig. 6.11). Regarding these features, and taking
into account the lack of a central strand in G. ramondii, a connection between G. ramondii
and the genus Racomitrium Brid. should be considered.

Final statements
The genus Grimmia, based on Limpricht’s defining characters, is considered here to be a
well-defined entity. The characters ‘smooth capsule, straight seta’ and ‘ribbed capsule, arcuate
seta’, divide the taxa into ‘Grimmia’ and ‘Rhabdogrimmia‘. Within these groupings the taxa
appear as entities with specific characters that distinguish one from the other. By the diagnostic
characters they can be arranged in groups as given in the chapter ‘reflections on taxonomic
arrangements’.
When comparing the results of this study that was based on morphological and
anatomical characters with recent molecular phylogenetic studies of the genus Grimmia
(STREIFF, 2006 : 224-235) some findings are congruent : G. anodon and G. plagiopodia,
G. alpestris and G. caespiticia, as well as G. donniana and G. elongata, appear to be closely
related (STREIFF, 2006: 229, Fig. 1). The tree (STREIFF, 2006: 230, Fig. 2) obtained by the combination of chloroplast DNA sequences with morphological characters produces a clade that
corresponds to the group Litoneurum I. Hagen, one that does not appear in the phylogenetic
tree (Fig. 1) based on DNA characters alone. Discussing the results, STREIFF (2006: 231) stated
that ‘the basal branch of the clade “Rhabdogrimmia” was not supported’. ‘The presence of
gemmae was the only morphological synapomorphy of this clade’. However, some of the species

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

in question do not develop gemmae (G. decipiens, G. fuscolutea, G. ramondii). In addition,
G. anomala and G. hartmanii, which were present in the “Rhabdogrimmia”-clade, have smooth
capsules. Several taxa with ribbed capsules (G. elatior, G. orbicularis, G. pulvinata) appear
between species having smooth capsules. STREIFF (2006: 233) concluded that ‘it is not appropriate to decide upon their [the subclades ‘Grimmia’ and ‘Rhabdogrimmia’] taxonomic status’.
HERNÁNDEZ-MAQUEDA & al. (2007 : 89-94), studied the positions of Campylostelium
Bruch & Schimp. and Grimmia pitardii Corb. based on chloroplast data. The ML tree
(HERNÁNDEZ-MAQUEDA & al., 2007: 92, Fig. 3) showed G. hartmanii (smooth capsules), on
the same branch as G. trichophylla (ribbed capsules), and G. incurva (smooth capsules) together
with G. funalis (ribbed capsules). It is interesting to note the connection of G. pulvinata (ribbed
capsules) to species of the genus Schistidium Bruch & Schimp. which all have smooth capsules,
and are also defined by an operculum that detaches with the columella, traits which are not
found in the genus Grimmia.
A connection of Schistidium species with G. pulvinata appears also in HEDDERSON & al.
(2004 : 32, Fig. 1-2). For the characters defining G. pulvinata, HEDDERSON & al. (2004 : 37)
refer to the introduction of CRUM (1994 : 386). Unfortunately, the characters given in this
publication are erroneous (see explanation under 43. Grimmia pulvinata).
The cited examples demonstrate that the results obtained by studies based on cpDNA
sequences are not always in accordance with the results obtained by classic taxonomic investigation methods, as used here. They are, at least at present, not appropriate to address the
questions on the infrageneric classification of the genus Grimmia. KELLER (2000) provides
new insights into molecular genetics and draws attention to future developments in molecular
biology. In the work of STREIFF (2006: 233), partly based on the inconclusiveness of molecular data, Grimmia is treated as a unit. Morphologically-anatomically Grimmia can be considered as a unit based on the gametophytic character of ‘ventrally arranged guide cells’,
combined with sporophyte characters that are specific to it. CROSBY (1980: 121) states that
‘The peristome appears to be the best feature on which to construct a classification’, and that
‘mosses with similar peristomes must be grouped together, regardless of the morphology of
their gametophytes’.
In the same decade that LANTZIUS-BENINGA (1844, 1850) studied the anatomy of
the moss capsule, SCHIMPER (1850) published ‘Recherches anatomiques et morphologiques
sur les Mousses’ summarizing his work by an allusion to the moss capsule:
‘Quelle admirable structure, quelle sagesse, quelle toute-puissance dans le moindre objet sorti
des mains du Créateur!’
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Excluded taxa
1. Grimmia hamulosa Lesq. in Mem. Calif. Acad. Sci. 1: 14. 1868.
Type : [U.S.A. California]: Hab. gravelly soil. Mt. Dana, 10.000 ft. alt., s.d., Bolander 388 (Lecto-: NY; isolecto-: NY) (lectotypified by MUÑOZ, 2000c: 100).
The guide cells are arranged in a median position (Fig. 52.1.1 from Bolander 388, lectotype NY). By definition the guide cells in Grimmia are in a ventral position. The character
‘medianly arranged guide cells’ suggests a connection to the genus Schistidium on the basis of
this character being found in S. maritimum (Turner ex Scott, Robert) Bruch & Schimp.
(DEGUCHI, 1979 : 233, Fig. 54) and S. teretinerve (Fig. 52.11.1). The character ‘medianly
arranged guide cells’ is exceptionel in the genus Schistidium.
The ventral side of the peristome teeth are ornamented with fine papillae in horizontally,
vertically or obliquely arranged rows or striae, an arrangement not seen in the genus Grimmia.

2. Grimmia brevirostris R. S. Williams in Bryologist 23: 52. 1920.
Type : [U.S.A. California]: Plumas Co. On rocks, Bucks Ranch. Alt. 6000 ft.,
VII.1900, Leiberg 5445 (Lecto-: NY; isolecto-: NY) (lectotypified and synonymized
with G. hamulosa Lesq. by MUÑOZ, 2000c: 100).
The ventral side of the peristome teeth are ornamented with fine papillae in horizontally,
vertically or obliquely arranged rows or striae (WILLIAMS, 1920: 53, Tab. III, Fig. 4), a feature
not present in the genus Grimmia.

0.1 mm
1.1, 3.1-2, 4.1,
6.1-2, 7.1, 8.1

Figure 52.– Taxa excluded : 1.1, Grimmia hamulosa Lesq., transverse section of leaf ; 3.1-2, Grimmia indica (Dixon &
P. de la Varde) Goffinet & Greven, peristome teeth, ventral side ; 4.1, Grimmia jacquinii var. subimberbis Lindb., transverse
section of leaf; 6.1, Racomitrium microphyllum M. Fleisch., cells in leaf base; 6.2, transverse section of leaf; 7.1, Grimmia molesta
J. Muñoz, base of peristome, partly, ventral side; 8.1, Hydrogrimmia mollis (Bruch & Schimp.) Loeske, base of peristome, partly,
ventral side.

Excluded taxa
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3. Grimmia indica (Dixon & P. de la Varde) Goffinet & Greven in J. Bryol. 22: 141. 2000.
 Trigonodictyon indicum Dixon & P. de la Varde in Ann. Cryptog. Exot. 1 : 40.
1928.
Type : INDIA : Pambar Torrent, Kodaikanal, Pulney Hills, 8.II.1927, Foreau 815
(Holo-: BM; isolecto-: MO).
 Grimmia apophysata Gangulee in Nova Hedwigia 12: 428. 1967.
Type : [INDIA]: Sikkim, 11.000’, s.d., Kurz 2344 (Iso-: BM, G, NY) (synonymized
by MUÑOZ & PANDO, 2000: 37).
The differentiation of the basal paracostal cells conspicuously below the transitional part
of the leaf and the barely expressed guide cells in the lower part of the leaf are features that are
not seen in any other species of Grimmia.
The strongly marked apophysis of the capsule, the twisting of the seta in a dry state
in the lower half from the right to the left and in the upper half from the left to the right, the
peristome teeth (Fig. 52.3.1, from Long 17120, E, G) that are hyaline in the upper half, with
an anastomose of two or even three teeth, teeth that are not separated in the lower half
but united in pairs down to the insertion (Fig. 52.3.2, from Long 17120, E, G), and the
thin inner peristome plates where the 2:3 pattern of the haplolepidous peristome is not recognizable, are all features unknown in the genus Grimmia.

4. Grimmia jacquinii var. subimberbis Lindb. in Öfvers. Kongl. Vetensk.-Akad. Förh. 23 :
552. 1867.
Type : [NORWAY]. Spitsbergen : Amsterdam-Island, 1861, Holmgren s.n. (Lecto-:
H-SOL) (lectotypified and synonymized with G. caespiticia (Brid.) Jur. by MUÑOZ,
1998b: 387).
Comparison of the transverse leaf sections of G. jacquinii var. subimberbis (Fig. 52.4.1,
from Holmgren s.n.) with that of G. caespiticia (Fig. 9.13, from Maier 9231, G) shows strong
differences. The costal architecture of G. jacquinii var. subimberbis alone indicates that the
synonymization of it with G. caespiticia is erroneous but suggests an affinity of it to the genus
Coscinodon.

Figure 52. cont.– Taxa excluded: 10.1-4, Grimmia reflexidens Müll. Hal., leaf, cells in leaf base, outlines of transverse leaf
sections, transverse section of leaf; 11.1, Schistidium (?) teretinerve Limpr. transverse section of leaf.
[1.1, Bolander 388 (NY) ; 3.1-2, Long 17120 (E, G) ; 4.1, Holmgren s.n. (H-SOL) ; 6.1-2, Fleischer s.n. (FH) ; 7.1, Hegewald & Hegewald 5480 (MO); 8.1, Hedderson 5015 (BOL, G); 10.1-4, Pöppig s.n. (BM); 11.1, Breidler s.n. (BP)]
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5. Grimmia mariniana Sayre in Bryologist 58: 323. 1955.
Type : U.S.A. California. Marin County : On exposed rocks, north-facing, very summit of Mt. Tamalpais ; in small black cushions, not in association with other mosses,
8.IV.1953, Steere s.n. (Lecto-: NY) (lectotypified by MUÑOZ & PANDO, 2000: 53).
Sporophyte characters suggest an affinity of it to the genus Coscinodon : after dehiscense
the capsule mouth is flared, the fragments of the peristome teeth are divided into fine
divisions, the trabeculae are scarcely expressed, the spore sac is fixed on a stalk, creating an
enlarged air space reaching the orifice (LIMPRICHT, 1889 : 718), and the operculum is convex
and mammillate.

6. Racomitrium microphyllum M. Fleisch., Musci Buitenzorg: 377. 1904.
 Grimmia microphylla (M. Fleisch.) M. Fleisch., Musci Buitenzorg: 1650. 1923.
Type : [INDONESIA]. Ost-Java : Ardjoenogeb. Waliran, 2700 m, s.d., Fleischer s.n.
(Holo-: FH) (synonymized with G. trichophylla Grev. by DEGUCHI, 1986: 328).
Following the protologue for R. microphyllum, FLEISCHER (1904 : 377) notes that the
plants are growing “an Rinde” [on bark]. The primary indication that this taxon does not belong
to Grimmia is the epiphytic habit, supported by the cell pattern at the leaf base near the costa
(Fig. 52.6.1, from Fleischer s.n., holotype, FH), with cells which are short below the transitional
part. In Grimmia species these cells are elongate up to the transitional part. A transverse section
(Fig. 52.6.2, from Fleischer s.n., holotype, FH) shows that the costal anatomy of G. microphylla
is different from that of Grimmia, using G. trichophylla (Fig. 50.9, from Siegel s.n., G) as an
example. Because a sporophyte is lacking from the type specimen of R. microphyllum, and no
other material was available, the taxon is treated here as insufficiently known.
Note.– The taxon is not cited in EDDY (1990).

7. Grimmia molesta J. Muñoz in Ann. Missouri Bot. Gard. 86: 152. 1999.
Type : PERU. Arequipa Province : Arequipa am Weg nach Puno, 16°20’S,
71°30’W, Fels, 4000 m, 3.V.1973, Hegewald & Hegewald 5480 (Holo-: MO ; iso-:
MA, NY).
The species is neither Schistidium apocarpum (Hedw.) Bruch & Schimp. (as noted
on the label of the holotype specimen), nor a member of the genus Grimmia because
the peristome teeth are not divided down to the insertion (Fig. 52.7.1, from Hegewald &
Hegewald 5480, MO). They arise, arranged in pairs, from a basal membrane of two to three
rows of cells. In addition, the 2 :3 pattern of the peristomial formula defining haplolepidous
peristomes is not expressed. The examination is based on the unique type collections thus this
taxon is considered as insufficiently known.
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8. Hydrogrimmia mollis (Bruch & Schimp.) Loeske, Stud. Morph. Syst. Laubm.: 108. 1910.
 Grimmia mollis Bruch & Schimp., Bryol. Eur. 42, Grimmia Suppl. 1. 1849.
 Grimmia orthotrichoides Hartm., Handb. Skand. Fl. ed. 5: 378. 1849.
Type : NORWAY: Goustafjeld, VII.1846, Holmgren s.n. (Holo-: BM).
LOESKE (1910: 108), established the monotypic genus Hydrogrimmia Loeske. He stated
an uncertain connection of this extremely differentiated taxon to the genus Grimmia.
The peristome teeth arise from a basal membrane of two to three rows of plates. They are not
separated down to the insertion (Fig. 52.8.1, from Hedderson 5015, BOL, G) as is the case in
species of the genus Grimmia. In addition, the 2 :3 pattern of the peristomial formula defining Haplolepidous peristomes is not expressed. At the base of the teeth, on their dorsal side,
fragments of peristome plates may be observed.

9. Grimmia pitardii Corb. in Bull. Soc. Bot. France 56: LVI. 1910.
 Campylostelium pitardii (Corb.) E. Maier in Candollea 53: 301. 1998.
Type : TUNISIA. Matmata : Oued Jir, in humidis, II.1907, Pitard s.n. (Iso-: G).
 Grimmia gibbosa S. Agnew in J. Bryol. 7: 339. 1973.
See discussion in MAIER (1998: 301-308).

10. Grimmia reflexidens Müll. Hal., Syn. Musc. Frond. 1: 795. 1849.
 Coscinodon reflexidens (Müll. Hal.) Ochyra in Polish Polar Research 25: 116. 2004.
Type : [CHILE]: Grimmia reflexidens inter Dryptodon consobrinus Kze. Chile, s.d.,
Pöppig s.n. (Lecto-: BM) (Fig. 52.10.1-4, from Pöppig s.n., BM, reproduced from
MAIER, 2002b : 222).
See discussion in MAIER (2002b: 224).

11. Grimmia teretinervis Limpr. in Jahresber. Schles. Ges. Vaterl. Cult. 61: 216. 1884.
 Schistidium teretinerve (Limpr.) Limpr., Laubm. Deutschl. 1: 717. 1889.
Type : [AUSTRIA]. Steiermark : Gr. incohaerens, Steierm. Jauerberg bei Weitenstein
Kalk 6-700 m, 25.V.1879, Breidler s.n. (Lecto-: BP [Herbarium Limpricht], lectotypified here) (Fig. 52.11.1, from Breidler s.n., BP).
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The transverse section of the costa of this taxon shows the guide cells arranged in
a median position (Fig. 52.11.1, from Breidler s.n., BP, Herb. Limpricht). By definition
the guide cells in Grimmia are in a ventral position. However, the costal architecture of
G. teretinervis suggests an affinity to Schistidium maritimum (DEGUCHI, 1979 : 233, Fig. 54).
Given these facts, together with the attribution of the unpublished name ‘Grimmia incohaerens [incoherent]’ to the specimen by Breidler, and Limpricht’s doubt on the taxonomic
position of G. teretinervis, it is proposed to cite the taxon as Schistidium teretinerve (Limpr.)
Limpr., in spite of the character “guide cells in median position”, at present known in the
genus Schistidium only from S. maritimum and S. teretinerve (Limpr.) Limpr.
CRUM (2004 : 176) reports G. teretinervis from Ontario (USA) and mentions that “it
shows some resemblance to the Schistidium group”.

12. Grimmia trinervis R. S. Williams in Bull. New York Bot. Gard. 3: 124. 1903.
 Coscinodon trinervis (R. S. Williams) Broth. in Biblioth. Bot. 87: 52. 1916.
Type : PERU. [Puno]: Juliaca, 3780 m, on dry sandstone, 15.V.1902, Williams 2814
(Holo-: NY).
The description and the arguments given by HASTINGS (1996 : 418-422) demonstrate
the affinity of G. trinervis with the genus Coscinodon rather than the genus Grimmia. Furthermore, the holotype specimen of G. trinervis (Williams 2814, NY), has a flared capsule and the
spore sac is attached to the capsule rim. The resulting air space is clearly visible. Following
LIMPRICHT (1889: 719) a spore sac attached to the capsule rim and presence of a big air space
are characterstics of the genus Coscinodon. The capsule anatomy of C. cribrosus (Hedw.)
Spruce and C. calyptratus (Drumm.) C. E. O. Jensen are good examples of this.

Excluded taxa
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Taxa for which the type specimen(s) were not available
1. Campylopus pulvinatus var. tenuis Wahlenb., Fl. Suec.: 748. 1826.
 Grimmia trichophylla var. tenuis (Wahlenb.) Wijk & Margad. in Taxon 8: 106. 1959.
Specimen not found in either S or in UPS (the curators in litt.).

2. Grimmia anceps Boulay, Musc. France 1: 371. 1884.
A specimen of G. anceps used as lectotype for this name and indicated by MUÑOZ
(1998b: 394) as being housed in PC was not found there (curator in litt.).

3. Grimmia lesherae Greven, Grimmias of the World: 130. 2003.
Specimen not available in NY (the curator in litt.). This species probably is not a
member of the genus Grimmia. The seta is said not to be twisted, as is the case for all other
Grimmia species (see GREVEN, 2003 : 130). This species is cited in HASTINGS & GREVEN
(2007: 248).

4. Grimmia shastai Greven, Grimmias of the World: 208. 2003.
The type specimen was not found in MICH. Interpreting the description and the
drawings given in GREVEN (2003 : 208) this species is probably G. montana. The identity of
the gemmae mentioned in the description remains unknown. This species is also cited under
Grimmia (subg. undetermined) in HASTINGS & GREVEN (2007: 258).

359

360

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

Acknowledgements
Thanks are due to the curators of ALTA, AUT, B, BM, BISH, BOL, BP, BR, CANM,
CHR, COLO, E, F, FH, G, GL, GLAM, GOET, GZU, HAL, HBG, H-BR, H-SOL, ILL,
JE, KOCH, KRAM, L, LE, M, MA, MAK, MEL, MICH, MO, MW, NICH, NMLU,
NMW, NY, PC, PRE, RO, S, STU, TNS, U, UBC, UPS, US, W, WTU, WU, Z and ZT for
the loans of the specimens and types used for this study. Special thanks are due to T. Feuerer
(HBG) who’s efforts facilitated the study of some important specimens. The curators of
F, LD, MICH, NY, PAV, PC, S and UPS communicated that the material requested was not
kept in their respective herbaria. Thanks are also due to individuals who sent herbarium
material from their private collections : J. Bertram, T. L. Blockeel, J. Chavoutier, R. Düll,
O. Dürhammer, P. Erzberger, J. & V. Geibel, J. P. Gruber, R. Lübenau, M. Lüth, H. van
Melick, R. B. Pierrot, E. Sauer, A. Schäfer-Verwimp, M. Siegel, and R. Skrzypczak.
I am very grateful to David G. Long in Edinburgh for his advice when developing this
project and to Patrick Perret (G) for his generous and ongoing support with editorial and
nomenclatural problems. A special thanks is due to Len Ellis (BM) and Michelle Price (G) for
their contributions to resolving the G. britannica problem.
I am greatly indebted to Michelle Price for intense discussions, for checking the work,
and for corrections to the English text. Any remaining errors are the author’s own responsibility. I would like to thank Philippe Clerc (G) for revising the French résumé and checking
the keys, Laurent Burgisser (G) for his efficient help in resolving informatic problems, and
Jocelyne Perrenoud (G) for the management of the many herbarium loans received during
this study.
My thanks also go to Paola Emery and Pierre Boillat, librarians of the Conservatoire
et Jardin botaniques de la Ville de Genève for their repeated help in searching for literature.
Thanks also go to T. L. Blockeel, P. Erzberger and R. D. Porley for their provision of useful
information on Grimmia. I am grateful for the permission given by the editors of Herzogia
and Candollea to reproduce some drawings initially published in Herzogia 11, 1995 and
Candollea 50, 1995; 56, 57, 2002; and 58, 2003.

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

References
ALLEN, B. (1995). Eight neglected species of Grimmiaceae (Musci) from North America. Fragm. Flor. Geobot.
40: 159-166.
AMANN, J. (1918). Grimmia. In : AMANN, J., MEYLAN C. & P. CULMANN. Flore des Mousses de la Suisse. Deuxième
partie: Bryogéographie de la Suisse: 127-139. Lausanne.
AMANN, J. (1933). Flore des Mousses de la Suisse. Vol. III: Révision et additions. Zürich.
ANDERSON, L. E. (1963). III. Modern species concepts: Mosses. Bryologist 66: 107-119.
BECK, G. & I. SZYSZY ŁOWICZ (eds.) (1888). Pl. Cernagor. lect. Cracoviae.
BEDNAREK-OCHYRA, H. (1995). The genus Racomitrium (Musci, Grimmiaceae) in Poland: Taxonomy, Ecology, and
Phytogeography. Fragm. Florist. Geobot. Ser. Polon. Ann. II. 1-307.
BEDNAREK-OCHYRA, H., MUÑOZ J. & R. OCHYRA (1992). The identity of Grimmia pyrenaica (Musci, Grimmiaceae).
Fragm. Florist. Geobot. 37: 389-393.
BELL, B. G. (1984). A synoptic flora of South Georgian mosses : Grimmia and Schistidium. Brit. Antarct. Surv.
Bull. 63: 71-109.
BERGAMINI, A. (2003). Anmerkungen zu einigen von Jules Amann (1859-1939) beschriebenen Taxa. Meylania 27 :
22-24.
BLOCKEEL, T. L. & D. G. LONG (1998). A check-list and a census catalogue of British and Irish bryophytes. British
Bryological Society. Cardiff.
BLOM, H. H. (1996). A revision of the Schistidium apocarpum complex in Norway and Sweden. Bryophyt. Biblioth. 49.
BOULAY, N. J. (1884). Muscinées de la France. 1: Mousses. Paris, F. Savy, Libraire-Editeur.
BRAITHWAITE, R. (1872). Recent additions to our Moss Flora. J. Bot. 10: 193-199.
BRAITHWAITE, R. (1888). The British Moss-Flora. Vol. 2. Grimmia: 4-50. London.
BREMER, B. (1980). A taxonomic revision of Schistidium (Grimmiaceae, Bryophyta) 2. Lindbergia 6: 89-117.
BRITTON, E. G. (1889a). Grimmia torquata Horns.[sic] fertile. Rev. Bryol. 16: 38-39.
BRITTON, E. G. (1889b). Peristome of Grimmia torquata Hornsch. Rev. Bryol. 16: 64.
BRITTON, E. G. (1889c). Contributions to American Bryology I. Bull. Torrey Bot. Club 16: 106-112.
BRUCH, PH., SCHIMPER W. PH. & TH. GÜMBEL (1845). Bryologia Europaea Vol. III: 1-8. Stuttgart Schweizerbart.
BRUMMITT, R. K. & C. E. POWELL (eds.) (1992). Authors of plant names. Royal Botanic Gardens. Kew.
CANDOLLE, A.-P. DE in LAMARCK, J.-B. & A.-P. DE CANDOLLE (1805). Flore Française. ed. 3, vol. 2. Paris.
CANDOLLE, A.-P. DE in LAMARCK, J.-B. & A.-P. DE CANDOLLE (1815). Flore Française. ed. 3, vol. 5. Paris.
CAO, T. & S. P. CHURCHILL (1995a). New synonyms in Grimmia and Schistidium (Bryopsida : Grimmiaceae).
Nova Hedwigia 60: 505-513.
CAO, T. & S. P. CHURCHILL (1995b). An assessment of Grimmia tortuosa Hook. f. & Wils. (Bryopsida : Grimmiaceae). Nova Hedwigia 60: 515-518.
CAO, T. & D. H. VITT (1986). A taxonomic revision and phylogenetic analysis of Grimmia and Schistidium
(Bryopsida; Grimmiaceae) in China. J. Hattori Bot. Lab. 61: 123-247.
CARDOT, J. (1909). Diagnoses préliminaires de Mousses mexicaines. Rev. Bryol. 36: 105-115.
CHURCHILL, S. (1994). New synonyms and deletions for the Moss Floras of Colombia and Ecuador. Trop. Bryol.
9: 1-4.
CORLEY, M. F. V., CRUNDWELL A. C., DÜLL R., HILL M. O. & A. J. E. SMITH (1981). Mosses of Europe and the
Azores; an annotated list of species, with synonyms from the recent literature. J. Bryol. 11: 609-689.
CROSBY, M. R. (1980). The diversity and relationships of mosses. In : TAYLOR, R. J. & A. E. LEVITON (eds.) : The
mosses of North America: 115-129. California Academy of Sciences. San Francisco, California.
CROSBY, M. R. (1999). Vade mecum bryologiae I. Contr. Hedw. Soc. 2.

361

362

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

CROSBY, M. R., MAGILL R. E., ALLEN B. & S. HE (1999). A Checklist of the Mosses. Missouri Botanical Garden
Press. St. Louis.
CRUM, H. (1994). Grimmiales. In : SHARP, A. J., H. CRUM & P. ECKEl (eds.) The Moss Flora of Mexico. Part I :
Sphagnales to Bryales. Mem. New York Bot. Gard. 69.
CRUM, H. (2004). Mosses of the Great Lakes Forest. Ed. 4. The University of Michigan Herbarium Ann Arbor,
Michigan.
CRUNDWELL, A. C. (1971). Notes on the nomenclature of British mosses. II. Trans. Brit. Bryol. Soc. 6: 323-326.
DEGUCHI, H. (1979). A revision of the genera Grimmia, Schistidium and Coscinodon (Musci) of Japan. J. Sci.
Hiroshima Univ., Ser. B, Div. 2, Bot. 16: 121-256.
DEGUCHI, H. (1980). Note sur quatre espèces himalayennes de la famille des Grimmiacées (Musci). Hikobia 8 :
259-268.
DEGUCHI, H. (1984). Studies on some Patagonian species of Grimmiaceae (Musci, Bryophyta). In : H. INOUE
(ed.): Studies on Cryptogams in Southern Chile: 17-72. Tokyo.
DEGUCHI, H. (1986). Notes on some Asian species of Grimmia. Hikobia 9: 327-329.
DEGUCHI, H. (1987). Studies on some Peruvian species of the Grimmiaceae (Musci, Bryophyta). In : H. INOUE
(ed.): Studies on Cryptogams in Southern Peru: 19-74. Tokyo.
DEGUCHI, H. & M. HIGUCHI (1992). Mosses from Nepal collected by Botanical Expeditions of National Science
Museum , Tokyo. 2. Grimmiaceae. Mem. Fac. Sci. Kochi Univ. Ser. D (Biol.) 13: 5-8.
DELGADILLO, C. (1999). The identity of Grimmia involucrata Cardot (Grimmiaceae, Musci). Novon 9: 153-155.
DE NOTARIS, J. (1836). Mantissa muscorum ad floram pedemontanam. Mem. Reale Accad. Sci. Torino 39 : 1-53.
Reprint.
DE TONI, H. (1894). Repertorium geographico-polyglottum. Padua.
DIHM, H. (1894). Untersuchungen über den Annulus der Laubmoose. Flora 79: 286-348. Tafeln VII-IX.
DIXON, H. N. (1954). The student’s handbook of British mosses. Grimmia: 136-159. London.
EDDY, A. (1990). A Handbook of Malesian Mosses. Vol. 2 : Leucobryaceae to Buxbaumiaceae. Natural History
Museum Publications, London.
EDWARDS, S. R. (1979). Taxonomic implications of cell patterns in haplolepidous moss peristomes. In : G. C. S.
CLARKE & J. G. DUCKET (eds.) : Bryophyte Systematics. Syst. Assoc. Special Vol. 14 : 317-346. London &
New York (Academic Press).
ERZBERGER, P. (2004). Annotated checklist of Hungarian bryophytes. Studia Bot. Hung. 35: 91-149.
FLEISCHER, M. (1904). Die Musci der Flora von Buitenzorg. Vol. 1. E. I. Brill, Leiden.
GANGULEE, H. C. (1972). Mosses of Eastern India and adjacent Regions. Fasc. 3. Syrrhopodontales, Pottiales & Grimmiales.
791-830. Calcutta.
GEISSLER, P. & E. MAIER (1995). Lectotypifications of Central European Grimmia species (Musci, Grimmiaceae).
Candollea 50: 495-514.
GREUTER, W. & D. L. HAWKSWORTH (eds.) (2000). International Code of Botanical Nomenclature (Saint Louis Code).
Koeltz, Königstein.
GREVEN, H. C. (1995). Grimmia Hedw. (Grimmiaceae, Musci) in Europe. Backhuys Publishers. Leiden.
GREVEN, H. C. (1996). Grimmia maido and Grimmia sanii, Two New Species from Africa. Bryologist 99: 428-432.
GREVEN, H. C. (1997). Grimmia austro-funalis C. Müll., a species with a misleading name an a disjunct distribution.
J. Bryol. 19: 827-830.
GREVEN, H. C. (1999). Key to Grimmia, Coscinodon and Hydrogrimmia in Europe. J. Bryol. 21: 117-121.
GREVEN, H. C. (2003). Grimmias of the World. Backhuys Publishers. Leiden.
GREVEN, H. C. (2004). Grimmia nutans Bruch: ecology, morphology and distribution. Field Bryology 83: 13-15.
GREVEN, H. C. & T. SPIRIBILLE (1999). Grimmia brittoniae, a rare moss endemic to northwestern Montana.
Bryologist 102: 116-118.

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

GUERRA, J., ROS R. M., MARTÍNEZ-SÁNCHEZ J. J. & W. FREY (1993). Grimmia mesopotamica (Grimmiaceae,
Musci) New to Europe. Bryologist 96: 245-247.
HAGEN, I. (1909). IX. Grimmiaceae. Forarbejder til en Norsk Løvmosflora: 1-94. Trondheim, Norway.
HASTINGS, R. I. (1996). The Genus Coscinodon (Bryopsida, Grimmiaceae) in South America, including a new
species. Bryologist 99: 418-427.
HASTINGS, R. I. & H. C. GREVEN (2007). 2. Grimmia Hedw.: 225-258. In: COMMITTEE FLORA OF NORTH AMERICA
(ed) : Flora of North America North of Mexico. Vol. 27. Bryophyta, part 1. New York, Oxford : Oxford
University Press.
H EDDERSON , T. A., M URRAY D. J., C OX C. J. & T. L. N OWELL (2004). Phylogenetic Relationships of
Haplolepidous Mosses (Dicranidae) inferred from rps4 Gene Sequences. Systematic Botany 29 : 29-41.
HEDWIG, J. (1801). Species muscorum frondosorum descriptae et tabulis aeneis LXXVII coloratis illustratae. Opus
posthumum [sic] editum a Frederico Schwaegrichen. Lipsiae [Leipzig] Barth.
HERNÁNDEZ-MAQUEDA, R., QUANDT D., WERNER O. & J. MUÑOZ (2007). Chloroblast data reveal two conflicting
hypotheses for the positions of Campylostelium and Grimmia pitardii (Bryophyta). Taxon 56: 89-94.
HERZOG, Th. (1926). Geographie der Moose. Jena, Verlag Gustav Fischer.
HOFFMANN, G. F. (1796). La Flore de l’Allemagne où Etrennes botaniques pour l’an 1795. Vol. 2, Cryptogamie: 1-200.
Erlangen, Palm.
HOOKER, W. J. & W. WILSON (1844). Musci antarctici. London J. Bot. 3: 533-556.
HORNSCHUCH, F. (1819). Neue Laubmoose. Flora 2: 81-87.
IWATSUKI, Z. (1958). Correlations between the moss floras of Japan and of the Southern Appalachians. J. Hattori
Bot. Lab. 20: 304-352.
KEIL, F. (1851). Beiträge zu Böhmens Laubmoosen. Grimmieae. Lotos 1: 177-178.
KELLER, E. F. (2000). The Century of the Gene. Harvard University Press. Cambridge, Massachusetts, and London,
England.
KOPONEN, T., PIIPPO S., ENROTH J., RAO P. & Y.-M. FANG (2003). Manual of Tropical Bryology. Appendix VII :
Principles of preparing check-lists. Trop. Bryol. 23: 139-141.
LANJOUW J. & F. A. STAFLEU (1954). Index Herbariorum Part II. Collectors. Utrecht, TheNetherlands.
LANTZIUS-BENINGA, S. (1844). De evolutione sporidiorum in capsulis muscorum. Huth, Göttingen.
LANTZIUS-BENINGA, S. (1850). Beiträge zur Kenntnis des inneren Baues der ausgewachsenen Mooskapsel, insbesondere des Peristomes. Nov. Actorum Acad. Caes. Leop. Carol. Nat. Cur. 22(2): 560-604, tab. LVI-LXVI.
LAWTON, E. (1959). Fruiting Grimmia hartmanii var. anomala in America. Bull. Torrey Bot. Lab. 86: 166-171.
LAWTON, E. (1971). Moss Flora of the Pacific Northwest. Hattori Botanical Laboratory. Nichinan, Miyazaki, Japan.
LIMPRICHT, K. G. (1885-1889). Grimmiaceae. In : RICHTER, P. G. & al., Rabenhorst’s Kryptogamen-Flora von
Deutschland, Oesterreich und der Schweiz ed. 2, 4(1): 693-826. Leipzig.
LOESKE, L. (1910). Studien zur vergleichenden Morphologie und phylogenetischen Systematik der Laubmoose. Berlin.
LOESKE, L. (1913). Die Laubmoose Europas. I, Grimmiaceae. Berlin.
LOESKE, L. (1930). Monographie der europäischen Grimmiaceen. Biblioth. Bot. 101.
LOESKE, L. (1935). Bemerkungen zur Systematik der Laubmoose. Ann. Bryol. 8: 131-149.
LONG, D. G. (2008). Grimmia updates. Field Bryol. 95: 16-20.
LORENTZ, P. G. (1864). Moosstudien. Leipzig, Engelmann.
LORENTZ, P. G. (1867-1868). Grundlinien zu einer vergleichenden Anatomie der Laubmoose. In : PRINGSHEIM,
N. (ed.). Jahrb. Wissensch. Bot. 6: 363-466, tab. XXI-XXVIII. Leipzig, Engelmann.
MAGILL, R. E. (1981). Bryophyta. Part I Mosses. Fascicle 1, Sphagnaceae – Grimmiaceae. In : O. A. LEISTNER
(ed.): Flora of Southern Africa. Botanical Research Institut Department of Agriculture and Fisheries, Republic
of South Africa.
MAGILL, R. E. (ed.) (1990). Glossarium Polyglottum Bryologiae. Monogr. Syst. Bot. Missouri Bot. Gard.

363

364

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

MAIER, E. (1998). Zur systematischen Stellung von Grimmia pitardii Corb. (Musci). Candollea 53: 301-308.
MAIER, E. (1999). Auf den Spuren von Lantzius-Beninga – Die Bedeutung der Peristome bei Laubmoosen
(Bryophyta). Stuttgarter Beitr. Naturk. A 591 : 1-13.
MAIER, E. (2002a). Grimmia dissimulata E.Maier and the taxonomic position of Grimmia trichophylla var. meridionalis Müll. Hal. (Musci, Grimmiaceae). Candollea 56: 281-300.
MAIER, E. (2002b). The genus Grimmia (Musci, Grimmiaceae) in the Himalaya. Candollea 57: 143-238.
MAIER, E. (2004). The formation of plicae in capsules of mosses of the order Bryales, with a focus on the genus
Grimmia Hedw. Candollea 59: 51-63.
MAIER, E. & M. J. PRICE (2005). In the Footsteps of Lantzius-Beninga : Investigating the peristome characters of
mosses. Bryologist 108: 36-46.
MERRIAM-WEBSTER (eds.) (1988). Webster’s New Geographical Dictionary. “A Merriam Webster”. Merriam-Webster
Inc. Springfield, Massachusetts.
MITTEN, W. (1859). Musci Indiae Orientalis. J. Proc. Linn. Soc., Bot., Suppl. 1: 1-171.
MÜLLER, C. (1853). Musci Neilgherrenses. Bot. Zeitung (Berlin) 11: 57-62.
MÜLLER, C. (1890). Die Moose von vier Kilimandscharo-Expeditionen. Flora 73: 485.
MÜLLER, C. (1896). Bryologia provinciae Schen-si Sinensis 1. Nuovo Giorn. Bot. Ital. n. s. 3: 89-130.
MÜLLER, C. & E. HAMPE (1853). Musci frondosi Australasiae ab Dre. Ferd. Müller lecti. Linnaea 26: 489-505.
MÜLLER, F. A. (1829). Erstes Verzeichnis sardischer Laubmoose. Flora 12: 385-399.
MUÑOZ, J. (1997). The correct name of Grimmia alpestris (Musci, Grimmiaceae). Bryologist 100: 517-519.
MUÑOZ, J. (1998a). Materials toward a revision of Grimmia (Musci, Grimmiaceae): nomenclature and taxonomy
of Grimmia longirostris. Ann. Missouri Bot. Gard. 85: 352-363.
MUÑOZ, J. (1998b). A taxonomic revision of Grimmia subgenus Orthogrimmia (Musci, Grimmiaceae). Ann.
Missouri Bot. Gard. 85: 367-403.
MUÑOZ, J. (1999a). A revision of Grimmia (Musci, Grimmiaceae) in the Americas, 1 : Latin America. Ann.
Missouri Bot. Gard. 86 : 118-191.
MUÑOZ, J. (1999b). Grimmia arcuatifolia and G. leibergii (Musci, Grimmiaceae), two neglected species from
Northwestern North America. Anales Jard. Bot. Madrid 57: 7-13.
MUÑOZ, J. (2000a). Proposal to conserve the name Grimmia poecilostoma Cardot & Sébille (Musci, Grimmiaceae). Taxon 49: 287-288. (1450).
MUÑOZ, J. (2000b). Proposal to conserve the name Grimmia crinita (Musci, Grimmiaceae) against Dicranum
phascoideum. Taxon 49: 289-290. (1451).
MUÑOZ, J. (2000c). New synonyms in Grimmia (Grimmiaceae). J. Bryol. 22: 99-102.
MUÑOZ, J., & R. OCHYRA (1999). Grimmia australis, new combination. J. Bryol. 21: 319.
MUÑOZ, J. & F. PANDO (2000). A World Synopsis of the Genus Grimmia (Musci, Grimmiaceae). Monogr. Syst.
Bot. Missouri Bot. Gard. 83: 1-133.
MUÑOZ, J. & E. ZIPPEL (2006). Typification of Grimmia pilifera (Grimmiaceae). Bryologist 109: 560-561.
NOWAK, H. & J. POELT (1979). Zur Systematik, Morphologie und Verbreitung von Grimmia tergestina (Musci,
Grimmiaceae). Willdenowia 9: 111-129.
OCHYRA, R. (1993). Grimmia plagiopodia (Musci, Grimmiaceae) in the Southern Hemisphere. Fragm. Florist.
Geobot. 38: 21-27.
OCHYRA, R. (1998). The Moss Flora of King George Island, Antarctica. Polish Academy of Sciences, W. Szafer
Institute of Botany, Cracow.
OCHYRA, R. (2004). Antipodal mosses: XIV. On the taxonomic status of Grimmia lawiana (Bryopsida: Grimmiaceae)
from the continental Antarctic. Pol. Polar Res. 25: 111-122.
OCHYRA, R. & H. BEDNAREK-OCHYRA (1994). A consideration of G. brandegei Musci, Grimmiaceae. Fragm.
Florist. Geobot. 39: 667-670.

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

OCHYRA, R. & H. BEDNAREK-OCHYRA (2004). Streptocolea atrata (Bryopsida, Grimmiaceae), newly found in
Western North America, with a review of its global distribution. Bryologist 107: 542-549.
OCHYRA, R. & H. HERTEL (1990). Contribution to the moss flora of the subantarctic Island Marion. Polish Bot.
Stud. 1: 19-34.
.
OCHYRA, R., ZARNOWIEC J. & H. BEDNAREK-OCHYRA (2003). Census catalogue of Polish mosses. Polish Academy of
Sciences, Institut of Botany Kraków.
PHILIBERT, H. (1887). La fructification du Grimmia hartmanni [sic]. Rev. Bryol. 14: 49-52.
PORLEY, R. D. (2004). Grimmia dissimulata E.Maier in Britain. Field Bryol. 82: 13-17.
PORLEY R. D. & E. MAIER (2007). Grimmia muehlenbeckii Schimp. in Britain and Ireland. J. Bryol. 29: 188-193.
PORLEY, R. D., PRESTON C. D. & M. O. HILL (2004). Grimmia trichophylla and related mosses in Cambridgeshire. Nature in Cambridgeshire 46: 72-76.
PRICE, M. J., MAIER E. & L. ELLIS (2003). Identity of the moss Symblepharis rhacomitrioides Dixon, and a discussion of the status of Grimmia abyssinica (Müll. Hal.) Mitt. Candollea 58: 289-295.
SAYRE, G. (1952). Key to the species of Grimmia in North America. Bryologist 55: 251-258.
SAYRE, G. (1969). Cryptogamae Exsiccatae – An annotated Bibliography of Published Exsiccatae of Algae,
Lichens, Hepaticae, and Musci. Mem. New York Bot. Gard. 19: 1-174.
SAYRE, G. (1971). Cryptogamae Exsiccatae – An annotated Bibliography of Published Exsiccatae of Algae,
Lichens, Hepaticae, and Musci. IV. Bryophyta. Mem. New York Bot. Gard. 19: 175-276.
SCHIFFNER, V. (1897). Musci Bornmülleriani. Ein Beitrag zur Cryptogamenflora des Orients. Oesterr. Bot. Z. 47 :
125-132.
SCHIMPER, W. P. (1850). Recherches anatomique et morphologique sur les Mousses. Strasbourg.
SCHOFIELD, W. B. & H. A. CRUM (1972). Disjunctions in Bryophytes. Ann. Missouri Bot. Gard. 59: 174-202.
SEBILLE, R. (1901). Note sur une nouvelle Grimmia de la section Gasterogrimmia, la Gasterogrimmia poecilostoma
Cardot & Sébille. Rev. Bryol. 28: 118-123.
SMITH, A. J. E. (1978). The Moss Flora of Britain and Ireland. Cambridge.
SMITH, A. J. E. (1992). The taxonomic status of the British varieties of Grimmia trichophylla Grev. J. Bryol. 17 :
269-273.
STAFLEU, F. A. & R. S. COWAN (eds.) (1976). Taxonomic literature. Vol. I, ed. 2: A-G. Utrecht.
STAFLEU, F. A. & R. S. COWAN (eds.) (1985). Taxonomic literature. Vol. V, ed. 2: Sal-Ste. Utrecht/ Antwerpen.
STREIFF, A. (2006). Phylogenetic study of Grimmia (Grimmiaceae) based on plastid DNA sequences (trnLtrnF and rps4) and on morphological characters. Bryologist 109 : 224-235.
THÉRIOT, I. (1901). Compléments aux Muscinées de la Sarthe. Le Mans (Sarthe).
UNGER, F. & T. KOTSCHY (1865). Die Insel Cypern. Braumüller, Wien.
VAARAMA, A. (1961). The taxonomic status of Grimmia fletti. Bryologist 64: 320-325.
VANDERPOORTEN, A., DEVOS, N, GOFFINET, B. HARDY O. J. & A. J. SHAW (2008). The barriers to oceanic island
radiation in bryophytes : insights from the phylogeography of the moss Grimmia montana. J. Biogeogr. 35 :
654-663.
VITT, D. H. (1984). Classification of the Bryopsida. In : R. M. SCHUSTER (ed.), New Manual of Bryology 2 : 696759. Nichinan, Miyazaki.
WIJK, R. VAN DER, MARGADANT W. D. & P. A. FLORSCHUTZ (1962). Index Muscorum 2 (D-Hypno). Regnum Veg. 26.
WILLIAMS, R.S. (1920). Grimmia (Guembelia) brevirostris, sp. nov. Bryologist 23: 52-53.
ZIJLSTRA, G. (2002). Report of the Committee for Bryophyta: 7. Taxon 51: 793-794.

365

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

Appendix 1. List of accepted Grimmia species (in bold, pages with figures).
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21 .
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

G. abyssinica (Müll. Hal.) Mitt. .................................................................. 38, 39, 41
G. alpestris (F. Weber & D. Mohr) Schleich......................................... 42, 43, 45, 47
G. anodon Bruch & Schimp. ...................................................................... 49, 51, 53
G. anomala Schimp. ................................................................................... 54, 55, 57
G. asperitricha Dixon & Sainsbury ............................................................ 58, 59, 61
G. atrata Hornsch. ............................................................................... 63, 65, 67, 69
G. austrofunalis Müll. Hal. .................................................................. 70, 71, 73, 75
G. bicolor Herzog ........................................................................................ 77, 79, 81
G. caespiticia (Brid.) Jur. ............................................................................ 82, 83, 85
G. consobrina Müll. Hal. ...................................................................... 87, 89, 91, 93
G. crinita Brid. ..................................................................................... 95, 96, 97, 99
G. decipiens (Schultz) Lindb. .............................. 101, 102, 103, 105, 106, 107, 109
G. dissimulata E. Maier ........................................................................ 111, 113, 115
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Appendix 2. Identification list of the selected specimens (based on labels) with their
species number given.
Albrecht s.n. ......................................18
Allen 9597........................................51
Anderson 23846 ...............................40
Beauglehole 14712 ............................27
Benna s.n. .........................................43
Bernoulli & Cario 119 ......................25
Bertram 405a .....................................9
Bertram 2908c ..................................22
Birks 55/30.......................................33
Blockeel & Sabovljevic 32/420 .............2
Blytt s.n. ...........................................51
Bolander s.n. .....................................50
Bowdly 157.......................................50
Branscomb & Greenman 22862 ........12
Cain 2573 ........................................51
Cardenas s.n......................................25
Chavoutier 9351 ...............................20
Child 4386 .........................................5
Churchill 8438 .................................23
Collinder s.n. ....................................15
Conliffe 36 .......................................43
Crosby & Crosby 8430 ......................29
Crundwell s.n. ..................................13
Crundwell s.n....................................20
Culmann s.n. ...................................17
Culmann s.n. ....................................26
Davis 5434 ......................................31
Davis 5315.......................................43
De Notaris s.n. ..................................11
Düll 1...............................................13
Düll 1a.............................................13
Düll s.n. ...........................................27
Düll 17.............................................31
Duncan 55/15 ....................................2
Duncan s.n. ......................................22
Dürhammer s.n. ...............................50
Eaton 169 ........................................38
Erzberger s.n. ......................................2
Erzberger 10917b .............................20
Erzberger s.n. ....................................38
Goulard s.n. ........................................6
Greenwell B-125 ...............................16
Greter s.n. .........................................11
Greter s.n. .........................................18
Greter s.n. .........................................20
Greven H60 ......................................32
Greven H61 ......................................49
Gunn s.n. ...........................................7
Hampe s.n. .......................................14
Handel-Mazzetti 1905......................23
Hauman 888 ....................................22
Hedberg 2337 .....................................1
Hedderson 9746................................13
Hedderson 1924 ...............................22
Hedderson 13724 .............................24
Hedderson 10711A ...........................25

Hedderson 16333 .............................29
Hedderson 9666 ................................31
Hedderson 5096 ...............................46
Hedderson 14459 .............................49
Hedderson 9777 ................................50
Heinrichs 3740 .................................33
Heinrichs & Müller JH 4137...............3
Héribaud s.n. ....................................41
Hermann 28821 .................................2
Hermann 28634 ................................4
Hermann 24938 ..............................46
Hermann 16916 ...............................51
Hertel 24331 ....................................24
Hilliard & Burtt 12221 ....................44
Hochstettler s.n. ...................................6
Hoe 4423.0 ......................................27
Hooker 328 ......................................27
Hooker fil. & Thomson 299 ..............14
Howell s.n. ........................................35
Isiba s.n. ...........................................20
Jørgensen s.n. ....................................33
Kindberg 415....................................35
Koch 1672 ........................................12
Koppe s.n. .........................................26
Koppe 1 ............................................32
Krisai s.n. ...........................................9
Küchler s.n. .......................................22
Kullak s.n. ........................................19
Lauer Ka 199 ...................................50
Lawton 3329 ......................................4
Levier s.n. .........................................12
Lewis 87-901......................................6
Lewis 87-926......................................6
Lewis 79-2581....................................8
Lewis 87-1879 ...................................8
Long 20936 ........................................6
Long 16783 ......................................19
Long 18927 ......................................23
Long 15929 ......................................26
Long 16787 ......................................27
Long 18556 ......................................28
Long 8787 ........................................30
Long 16698 ......................................30
Long 18928 ......................................30
Long 20720 ......................................39
Long 215 ..........................................50
Long & Shaw 25693 ..........................6
Looser 2450 ......................................10
Lorentz s.n. .......................................16
Lübenau s.n. .......................................2
Lübenau s.n. .......................................3
Lübenau s.n. .......................................6
Lübenau s.n. .....................................11
Lübenau s.n. .....................................11
Lübenau GR-RH 44 .........................13
Lübenau s.n. .....................................13

Lübenau 5 ........................................23
Lübenau s.n. .....................................24
Lübenau s.n. ....................................26
Lübenau s.n. .....................................27
Lübenau s.n. .....................................27
Lübenau s.n. .....................................29
Lübenau 9 ........................................31
Lübenau Z159..................................32
Lübenau CHL 97 .............................44
Lübenau A1345................................48
Lübenau 3a ......................................51
Lüth 3265 ........................................16
Mägdefrau 223 ...................................1
Maier 3825 ........................................2
Maier 2885 ........................................3
Maier 5495 ........................................3
Maier 8703 ........................................4
Maier 9075 ........................................4
Maier 9142 ........................................6
Maier 9231 ........................................9
Maier 11216 ......................................9
Maier 6677 ......................................11
Maier 7972 ......................................11
Maier 6880 ......................................12
Maier 7064 ......................................12
Maier 8585 ......................................14
Maier 8028 ......................................15
Maier 11761 ....................................15
Maier s.n. .........................................15
Maier s.n. .........................................17
Maier 8023 ......................................17
Maier 8683 ......................................20
Maier 8909 ......................................20
Maier 9009 ......................................20
Maier 2160 ......................................22
Maier 8503 ......................................22
Maier s.n. .........................................25
Maier 7811 ......................................25
Maier 9119 ......................................27
Maier 8188 ......................................32
Maier 9935 ......................................32
Maier 11649 ....................................33
Maier s.n. .........................................33
Maier s.n. .........................................33
Maier s.n. ........................................33
Maier 6705 ......................................37
Maier 9622 ......................................37
Maier G0035 ...................................37
Maier G0036 ...................................37
Maier s.n. .........................................38
Maier 5030 ......................................38
Maier 7920 ......................................38
Maier 9126 ......................................38
Maier 5456 ......................................43
Maier s.n. .........................................43
Maier 10134 ....................................45
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Maier 11789 ....................................45
Maier 5757 ......................................45
Maier 2948 ......................................46
Maier 5751 ......................................46
Maier 8323 ......................................46
Maier 4994 ......................................47
Maier 9655 ......................................47
Maier 5862 ......................................48
Maier 5965 ......................................48
Maier 8625 ......................................51
Mann s.n. ...........................................1
Mann s.n. ...........................................2
Milne-Redhead 55/30 .......................12
Mizushima 584 ................................16
Molendo s.n. ....................................15
Monguillon s.n. .................................12
Monguillon s.n. .................................50
Murray s.n. .......................................47
Naumann s.n. ...................................44
Nebel 127 .........................................26
Nebel 171 .........................................50
Nee & al. 33166 ...............................18
Norris & Shevock 100060 .................38
Nyholm & Crundwell 403.................13
Nyholm & Crundwell 440 ................26
Orloff s.n. .........................................41
Papp s.n. ...........................................12
Papp & Erzberger 10309 ..................41
Pedano 806 ......................................23
Philibert s.n. .....................................20

Pierrot 59460 ...................................32
Poelt s.n. ...........................................28
Polunin M146 ..................................39
s. coll. 1029 ......................................23
s. coll. 654 .......................................44
s. coll. s.n. (Herb. Hooker) .................50
Ratcliff s.n.........................................20
Redfearn 28526 ................................40
Reuter s.n..........................................16
Sainsbury 756 ....................................5
Sainsbury 827 .....................................5
Sainsbury 771 ...................................32
Sainsbury 799 ...................................46
Santesson M 150 ...............................10
Santesson M 542 ...............................21
Sauer A5...........................................36
Sauer A80.........................................36
Sauter s.n..........................................17
Sayre 331..........................................41
Schäfer-Verwimp 11874A .................27
Schimper 472 ...................................25
Schimper 484b .................................38
Schliephacke s.n. ...............................41
Schultze-Motel P118 ...........................7
Schultze-Motel P185 ...........................7
Schwägrichen s.n. ..............................40
Scott 331 ..........................................25
Shushan & Weber W 9056 ..................3
Siegel s.n. ............................................4
Siegel s.n. ..........................................12

Siegel s.n. ..........................................14
Siegel s.n. .........................................14
Siegel s.n. ..........................................14
Siegel s.n. .........................................20
Siegel s.n. .........................................22
Siegel s.n. ..........................................27
Siegel s.n. ..........................................33
Siegel s.n. ..........................................46
Siegel s.n. ..........................................47
Siegel s.n. ..........................................50
Skottsberg 371...................................24
Solms s.n. ..........................................26
Stone 2176........................................10
Sullivant & Lesquereux 210 ..............40
van Melick 990 358 ...........................9
van Melick 900 807 .........................11
van Melick 871 349 .........................26
van Melick 201 553 .........................38
van Melick 981 037 ..........................43
van Melick 990 938 .........................50
Vašák s.n...........................................15
Watt s.n. ...........................................26
Weber & Shushan 10541.....................3
Weber B-114307.................................8
Welch 6986.......................................43
Widmer s.n. ......................................12
Will s.n.............................................46
Wilson 2314 .......................................5
Wood s.n. ..........................................47
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Appendix 3. List of synonyms (newly proposed synonyms given in bold).
Synonym

Accepted name

Bryum patens Hedw.
Campylopus caespiticius Brid.
Campylopus laevigatus Brid.
Coscinodon australis Dixon & Sainsbury
Coscinodon japonicus Sakurai
Dicranum ovale Hedw.
Dicranum phascoidum P. Beauv.
Didymodon percarinatus Dixon & Sakurai

G. ramondii (DC.) Margad.
G. caespiticia (Brid.) Jur.
G. laevigata (Brid.) Brid.
G. asperitricha Dixon & Sainsbury
G. elongata Kaulf.
G. ovalis (Hedw.) Lindb.
G. crinita Brid.
G. percarinata (Dixon & Sakurai)
Deguchi
G. ramondii (DC.) Margad.
G. pulvinata (Hedw.) Sm.
G. pulvinata (Hedw.) Sm.
G. tergestina Bruch & Schimp.
G. fuscolutea Hook.
G. longirostris Hook.
G. incurva Schwägr.
G. sessitana De Not.
G. sessitana De Not.
G. decipiens (Schultz) Lindb.
G. laevigata (Brid.) Brid.
G. lisae De Not.
G. elongata Kaulf.
G. anodon Bruch & Schimp.
G. anodon Bruch & Schimp.
G. anodon Bruch & Schimp.
G. longirostris Hook.
G. fuscolutea Hook.
G. pilifera P. Beauv.
G. plagiopodia Hedw.
G. pygmaea Müll. Hal.
G. montana Bruch & Schimp.
G. decipiens (Schultz) Lindb.
G. donniana Sm.
G. plagiopodia Hedw.
G. montana Bruch & Schimp.
G. pilifera P. Beauv.
G. pilifera P. Beauv.
G. elatior Bals.-Criv. & De Not.
G. pilifera P. Beauv.
G. pulvinata (Hedw.) Sm.
G. ovalis (Hedw.) Lindb.

Dryptodon patens var. propagulifer J. Amann
Fissidens pulvinatus Hedw.
Fissidens pulvinatus var. africanus Spreng.
Gasterogrimmia poecilostoma Cardot & Sébille
Grimmia affinis Hornsch.
G. affinis Hornsch.
G. afro-incurva Broth.
G. alpestris f. hybrida Chal.
G. alpestris var. hybrida (Chal.) Chal.
G. alternuata (Müll. Hal. & Kindb.) Kindb.
G. americana E. B. Bartram
G. ancistrodes Durieu & Mont.
G. andreaeacea Müll. Hal.
G. anodon f. anomala (E. B. Bartram) G. N. Jones
G. anodon var. anomala E. B. Bartram
G. anodon var. sinaitica Renauld & Cardot
G. antillarum Thér.
G. apiculata Hornsch.
G. apocarpa var. pilifera (P. Beauv.) Brid.
G. apocaula DC.
G. arachnoidea Dusén
G. arctophila Kindb.
G. arcuatifolia Kindb.
G. arenaria Hampe
G. argentea R. Br. bis
G. argyrotricha Müll. Hal.
G. arizonae Renauld & Cardot
G. arsenei Cardot
G. aspera Müll. Hal.
G. atroviridis Cardot
G. aurasia Besch.
G. austinii Kindb.
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Synonym

Accepted name

G. australis (Dixon & Sainsbury)
J. Muñoz & Ochyra
G. austrofunalis Broth.
G. azorica Renauld & Cardot
G. basaltica Mitt.
G. benoistii Thér.
G. bernoullii Müll. Hal.
G. borneensis Dixon & Herzog
G. bossierei Cardot & Thér.
G. brachydictyon (Cardot) Deguchi
G. brachyodon Austin
G. brandegei Austin
G. breviexserta Müll. Hal.
G. britannica A. J. E. Sm.
G. brittoniae R. S. Williams
G. brownii Paris
G. californica Sull.
G. callosa Müll. Hal.
G. calotricha Müll. Hal.
G. capillata De Not.
G. capillata var. calva J. Amann
G. catalinensis E. B. Bartram
G. catalinensis var. mutica E. B. Bartram
G. cernua f. atra Nees & Hornsch.
G. chilensis Thér.
G. cossonii Besch.
G. crassifolia Broth.
G. crassiretis Cardot & Broth.
G. crinita var. capillata (De Not.) De Not.
G. crinita var. libani Bizot
G. crinitoleucophaea Cardot
G. crispatula Müll. Hal. & Hampe
G. curviseta Bouman
G. cygnicolla Taylor
G. decalvata Cardot
G. densa Kindb.
G. dimorphula Müll. Hal.
G. donniana f. antarctica Kuc
G. drakensbergensis Sim
G. ecklonii Spreng.
G. elatior var. squarrifolia Dixon & Thér.
G. eurybasis Dixon & Sakurai
G. exquisita J. Muñoz
G. flettii (Holz.) Cardot

G. asperitricha Dixon & Sainsbury
G. kidderi James
G. lisae De Not.
G. pygmaea Müll. Hal.
G. austrofunalis Müll. Hal.
G. laevigata (Brid.) Brid.
G. hartmanii Schimp.
G. kidderi James
G. hartmanii Schimp.
G. montana Bruch & Schimp.
G. tergestina Bruch & Schimp.
G. khasiana Mitt.
G. lisae De Not.
G. funalis (Schwägr.) Bruch & Schimp.
G. consobrina Müll. Hal.
G. lisae De Not.
G. pulvinata (Hedw.) Sm.
G. laevigata (Brid.) Brid.
G. crinita Brid.
G. crinita Brid.
G. longirostris Hook.
G. longirostris Hook.
G. torquata Drumm.
G. sessitana De Not.
G. ovalis (Hedw.) Lindb.
G. tergestina Bruch & Schimp.
G. austrofunalis Müll. Hal.
G. crinita Brid.
G. crinita Brid.
G. tergestina Bruch & Schimp.
G. consobrina Müll. Hal.
G. orbicularis Wilson
G. pulvinata (Hedw.) Sm.
G. elongata Kaulf.
G. lisae De Not.
G. khasiana Mitt.
G. sessitana De Not.
G. pygmaea Müll. Hal.
G. pulvinata (Hedw.) Sm.
G. pilifera P. Beauv.
G. pilifera P. Beauv.
G. orbicularis Wilson
G. elongata Kaulf.
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Synonym

Accepted name

G. flexicaulis Müll. Hal.
G. flexicaulis var. dicksonii Dusén
G. flexifolia R. Br. bis
G. frondosa James
G. fuliginosa Müll. Hal.
G. funalis var. leptodictyon Herzog
G. ganderi Limpr.
G. gibertii Mitt.
G. glauca Cardot
G. grisea Cardot
G. gusindei J. Froehl.
G. gymnostoma Culm.
G. hartmanii f. atra H. Möller
G. hartmanii var. fastigiata Thér. & Mong.
G. hausmanniana De Not.
G. hermanii H. A. Crum
G. holleri Molendo
G. holzingeri Cardot & Thér.
G. hutchinsonii R. Br. bis
G. imberbis Müll. Hal.
G. immersa Ochyra
G. immersoleucophaea (Müll. Hal.) Kindb.
G. inaequalis Dixon & Sainsbury
G. incrassicapsulis B. G. Bell
G. incurva var. rhaetica J. Amann
G. inflectens Mitt.
G. involucrata Cardot
G. itatiaiensis Müll. Hal.
G. jacutica Ignatova & al.
G. kerguelensis Cardot
G. lamellosa (Müll. Hal.) A. Jaeger

G. fuscolutea Hook.
G. consobrina Müll. Hal.
G. consobrina Müll. Hal.
G. kidderi James
G. elongata Kaulf.
G. funalis (Schwägr.) Bruch & Schimp.
G. donniana Sm.
G. orbicularis Wilson
G. laevigata (Brid.) Brid.
G. sessitana De Not.
G. consobrina Müll. Hal.
G. tergestina Bruch & Schimp.
G. hartmanii Schimp.
G. decipiens (Schultz) Lindb.
G. longirostris Hook.
G. muehlenbeckii Schimp.
G. fuscolutea Hook.
G. nivalis Kindb.
G. pygmaea Müll. Hal.
G. consobrina Müll. Hal.
G. asperitricha Dixon & Sainsbury
G. sessitana De Not.
G. donniana Sm.
G. donniana Sm.
G. elongata Kaulf.
G. nepalensis Mitt.
G. laevigata (Brid.) Brid.
G. longirostris Hook.
G. decipiens (Schultz) Lindb.
G. kidderi James
G. alpestris
(F. Weber & D. Mohr) Schleich.
G. decipiens (Schultz) Lindb.
G. orbicularis Wilson
G. longirostris Hook.
G. tergestina Bruch & Schimp.
G. macrotheca Mitt.
G. montana Bruch & Schimp.
G. consobrina Müll. Hal.
G. crinita Brid.
G. orbicularis Wilson
G. montana Bruch & Schimp.
G. crinita Brid.
G. nutans Bruch

G. leibergii Paris
G. leptotricha Müll. Hal.
G. leucophaeola Müll. Hal.
G. limprichtii Kern
G. longicapsula [longicapusula] C. H. Gao & T. Cao
G. macroperichaetialis Greven
G. macropulvinata Dusén
G. mairei Cardot & Copp.
G. mammillaris Poech
G. maunakeaensis Greven
G. mesopotamica Schiffn.
G. meteorae C. C. Towns.
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Synonym

Accepted name

G. mexicana Greven
G. microglobosa Müll. Hal.
G. microovata Müll. Hal.
G. microtricha Müll. Hal. & Kindb.

G. atrata Hornsch.
G. pygmaea Müll. Hal.
G. longirostris Hook.
G. alpestris
(F. Weber & D. Mohr) Schleich.
G. donniana Sm.
G. kidderi James
G. montana Bruch & Schimp.
G. montana Bruch & Schimp.
G. montana Bruch & Schimp.
G. orbicularis Wilson
G. laevigata (Brid.) Brid.
G. elongata Kaulf.
G. montana Bruch & Schimp.
G. ovalis (Hedw.) Lindb.
G. plagiopodia Hedw.
G. kidderi James
G. pygmaea Müll. Hal.
G. pulvinata (Hedw.) Sm.
G. tergestina Bruch & Schimp.
G. ovalis (Hedw.) Lindb.
G. atrata Hornsch.
G. ovalis (Hedw.) Lindb.
G. orbicularis Wilson
G. orbicularis Wilson
G. pygmaea Müll. Hal.
G. orbicularis Wilson
G. ovalis (Hedw.) Lindb.
G. longirostris Hook.
G. anomala Schimp.
G. decipiens (Schultz) Lindb.
G. austrofunalis Müll. Hal.
G. nivalis Kindb.
G. elatior Bals.-Criv. & De Not.
G. asperitricha Dixon & Sainsbury
G. pilifera P. Beauv.
G. anomala Schimp.
G. anomala Schimp.
G. montana Bruch & Schimp.
G. plagiopodia Hedw.
G. tergestina Bruch & Schimp.
G. anodon Bruch & Schimp.
G. pulvinata (Hedw.) Sm.
G. pulvinata (Hedw.) Sm.

G. milleri Hastings & Greven
G. minutifolia Müll. Hal.
G. montana var. abnoba H. Schmidt
G. montana var. brachyodon (Austin) Lesq. & James
G. montana var. idahensis Renauld & Cardot
G. moxleyi R. S. Williams
G. murina Müll. Hal.
G. navicularis Herzog
G. nevadensis Greven
G. nigricans DC.
G. nivea Dusén
G. nordenskjoeldii Cardot
G. novae-zealandiae R. Br. bis
G. obtusata (Müll. Hal. & Hampe) A. Jaeger
G. obtusifolia C. H. Gao & T. Cao
G. obtusolinealis Müll. Hal.
G. ochyriana J. Muñoz
G. olneyi Sull.
G. orbicularis var. brevipila J. Amann
G. orbicularis var. humilis J. Amann
G. orbicularis var. patagonica Cardot
G. orbicularis var. persica Schiffn.
G. ovata F. Weber & D. Mohr
G. ovata var. praecox A. Kern.
G. pachyneurula Müll. Hal. & Kindb.
G. pachyphylla Leiberg
G. pansa R. S. Williams
G. papillinervis Kindb.
G. papillosa (Warnst.) Kindb.
G. perpillosa Ochyra
G. pensilvanica Schwägr.
G. philibertiana E. Britton
G. phyllanta Broth.
G. pilosissima Herzog
G. plagiopodia var. antarctica E. B. Bartram
G. poecilostoma Limpr.
G. pseudoanodon Deguchi
G. pulvinata var. asphaltita Renauld & Cardot
G. pulvinata var. sardoa Herzog

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

Synonym

Accepted name

G. pulvinatula Müll. Hal.
G. pyrenaica Kern
G. quatricruris Müll. Hal.
G. redunca Mitt.
G. retracta Stirt.
G. retracta var. submutica Stirt.
G. robusta Braithw.
G. rufa Müll. Hal.
G. ryanii Bryhn
G. ryanii f. tenuis J. Amann
G. sanii Greven
G. santaritae E. B. Bartram
G. sardoa Müll. Hal.
G. sardoa var. gracilis Warnst. & M. Fleisch.
G. schiedeana Müll. Hal.
G. senilis J. Shaw
G. serrana J. Muñoz & al.
G. serrata Kindb.
G. sinaica Bruch & Schimp.
G. somervellii Dixon
G. stenobasis Dixon
G. stenopyxis Thér.
G. stirtonii Schimp.
G. stolonifera Müll. Hal.
G. subcaespiticia Schiffn.
G. subcallosa Müll. Hal.
G. subdoniana Nog.
G. subleucophaea Müll. Hal.
G. subovata Müll. Hal.
G. subpapillinervis Kindb.

G. pygmaea Müll. Hal.
G. caespiticia (Brid.) Jur.
G. fuscolutea Hook.
G. elongata Kaulf.
G. lisae De Not.
G. lisae De Not.
G. lisae De Not.
G. longirostris Hook.
G. funalis (Schwägr.) Bruch & Schimp.
G. funalis (Schwägr.) Bruch & Schimp.
G. fuscolutea Hook.
G. pilifera P. Beauv.
G. lisae De Not.
G. meridionalis (Müll. Hal.) E. Maier
G. montana Bruch & Schimp.
G. laevigata (Brid.) Brid.
G. ovalis (Hedw.) Lindb.
G. ramondii (DC.) Margad.
G. orbicularis Wilson
G. longirostris Hook.
G. kidderi James
G. longirostris Hook.
G. trichophylla Grev.
G. pygmaea Müll. Hal.
G. caespiticia (Brid.) Jur.
G. consobrina Müll. Hal.
G. fuscolutea Hook.
G. laevigata (Brid.) Brid.
G. longirostris Hook.
G. alpestris
(F. Weber & D. Mohr) Schleich.
G. bicolor Herzog
G. lisae De Not.
G. lisae De Not.
G. sessitana De Not.
G. caespiticia (Brid.) Jur.
G. longirostris Hook.
G. pulvinata (Hedw.) Sm.
G. montana Bruch & Schimp.
G. alpestris
(F. Weber & D. Mohr) Schleich.
G. tergestina Bruch & Schimp.
G. elongata Kaulf.
G. tergestina Bruch & Schimp.

G. subquatricruris Broth.
G. subsquarrosa Wilson
G. subsquarrosa var. edinensis Braithw.
G. subsulcata Limpr.
G. sulcata Saut.
G. sumatrana Dixon
G. tasmanica Müll. Hal.
G. tenella (Müll. Hal.) Kindb.
G. tenerrima Renauld & Cardot
G. tergestina f. epilosa Limpr.
G. tolucensis Cardot
G. torenii Hastings
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Synonym

Accepted name

G. torngakiana Brassard & Hedd.
G. torquata f. mutica (Herzog) Loeske
G. torquata var. mutica Herzog
G. torquata var. flettii (Holz.) Vaar.
G. trichophylla subsp. meridionalis (Müll. Hal.) Loeske
G. trichophylla var. australis Hampe
G. trichophylla var. brachycarpa De Not.
G. trichophylla var. meridionalis Müll. Hal.
G. trichophylla var. septentrionalis Schimp.
G. trichophylla var. subincurva H. Winter
G. trichophylla var. teneriffae Renauld & Cardot
G. trichophylloidea Müll. Hal.
G. triformis Carestia & De Not.
G. tristicha Herzog
G. tristicha var. comosa Herzog
G. tristichoides Margad.
G. tristichoides f. comosa (Herzog) Margad.
G. ungeri Jur.
G. unicruris Müll. Hal.
G. vulcanica Besch.
G. watsonii Lesq. & James
G. wilsonii Greven
G. woollsiana Müll. Hal.
G. zahlbruckneri Garov.
Guembelia abyssinica Müll. Hal.
Guembelia immersoleucophaea Müll. Hal.
Guembelia lamellosa Müll. Hal

G. incurva Schwägr.
G. funalis (Schwägr.) Bruch & Schimp.
G. funalis (Schwägr.) Bruch & Schimp.
G. elongata Kaulf.
G. meridionalis (Müll. Hal.) E. Maier
G. pygmaea Müll. Hal.
G. lisae De Not.
G. meridionalis (Müll. Hal.) E. Maier
G. muehlenbeckii Schimp.
G. lisae De Not.
G. meridionalis (Müll. Hal.) E. Maier
G. fuscolutea Hook.
G. donniana Sm.
G. atrata Hornsch.
G. atrata Hornsch.
G. atrata Hornsch.
G. atrata Hornsch.
G. montana Bruch & Schimp.
G. fuscolutea Hook.
G. elongata Kaulf.
G. consobrina Müll. Hal.
G. ovalis (Hedw.) Lindb.
G. pulvinata (Hedw.) Sm.
G. donniana Sm.
G. abyssinica (Müll. Hal.) Mitt.
G. sessitana De Not.
G. alpestris
(F. Weber & D. Mohr) Schleich.
G. pulvinata (Hedw.) Sm.
G. montana Bruch & Schimp.
G. ramondii (DC.) Margad.
G. decipiens (Schultz) Lindb.

Guembelia obtusata Müll. Hal. & Hampe
Guembelia tenella Müll. Hal.
Pterigynandrum ramondii DC.
Racomitrium alternuatum
Müll. Hal. & Kindb.
Racomitrium austro-sudeticum Broth.
Racomitrium flettii Holz.
Racomitrium papillosum Warnst.
Racomitrium patens var. brachydictyon Cardot
Symblepharis rhacomitrioides Dixon
Trichostomum arcuatum DC.
Trichostomum decipiens Schultz
Trichostomum funale Schwägr.
Trichostomum incurvum Hornsch.
Trichostomum pulvinatum var. alpestre
F. Weber & D. Mohr

G. austrofunalis Müll. Hal.
G. elongata Kaulf.
G. elatior Bals.-Criv. & De Not.
G. hartmanii Schimp.
G. abyssinica (Müll. Hal.) Mitt.
G. elatior Bals.-Criv. & De Not.
G. decipiens (Schultz) Lindb.
G. funalis (Schwägr.) Bruch & Schimp.
G. elatior Bals.-Criv. & De Not.
G. alpestris
(F. Weber & D. Mohr) Schleich.

The genus Grimmia Hedw. (Grimmiaceae, Bryophyta)

Appendix 4. List of new or ammended typifications.
Grimmia argyrotricha Müll. Hal. ...................................................................................... 224
Grimmia britannica A. J. E. Sm. ....................................................................................... 190
Grimmia capillata De Not. ................................................................................................. 95
Grimmia hartmanii var. fastigiata Thér. & Mong. ............................................................ 104
Grimmia pensilvanica Schwägr. ......................................................................................... 273
Grimmia plagiopodia Hedw. ............................................................................................. 282
Grimmia retracta var. submutica Stirt. ............................................................................... 190
Grimmia subcallosa Müll. Hal. ............................................................................................ 87
Grimmia subsquarrosa var. edinensis Braithw. .................................................................... 190
Grimmia teretinervis Limpr. .............................................................................................. 357
Grimmia zahlbruckneri Garov. ...........................................................................................116
Trichostomum arcuatum DC. .............................................................................................123
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