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Gemmae s. str. (singular: gemma) (“Brutkörper” sensu known at present and in need of clarification, but proposed to 
Correns 1899) are common in mosses and liverworts and be separated from protonemal gemmae. Tmema (abscission) 
hornworts. They are asexual propagules, ranging from cells are missing in these structures. Protonemal brood cells 
unicellular to multicelluiar bodies and to filaments or globose occur in mosses, e.g. in Diphyscium foliosum (tips of the 
structures. They are borne on protonema (see above), on various protonema branches are transformed into clusters of long-
parts of the gametophyte, i.e., on leaves (laminal, costal), on lived, desiccation-tolerant, caducous, spherical brood-cells) 
thalli, stems (cauline), rhizoids, in leaf axils (axillary), and in Aloina spp. (brood cells on the protonema herein the 
endogenous, on specialized non-deciduous gemmiferous individuals, surviving dry seasons).
shoots or in leafy or thallose (gemmae-bearing) gemma cups Laminal gemmae (“Blattgemmen”) arise directly from 
(e.g., Lunularia cruciata,  Tetraphis pellucida). Gemmae are leaf cells (laminal, from the border or from apices, 
lacking an apical cell (some species have a protonemal initial respectively). They are 1–2-celled to multicellular, spherical, 
cell, e.g. Tetraphis pellucida) and projections resembling leaves discoidal, clavate, filamentous, or lamelli form. Examples to 
or leaf primordia (cf. bulbils). In mosses a protonemal phase be found in mosses are Grimmia trichophylla, Orthotrichum 
precedes the production of the shoots developing from tenellum, and Syntrichia latifolia. Regeneration by buds from 
gemmae. In leafy liverworts, gemmae often germinate directly leaf (costa) cells via a secondary protonemal stage is reported 
to leafy plants (Classification of gemmae and asexual from Oedipodium australe  (Rushing and Mueller1986). 
propagulesee by Frey and Kürschner 2011). Foliose liverworts show a great variety of laminal gemmae 

The protonemal (chloronemal) gemmae (gemmiferous [Calypogeiaceae, Cephaloziaceae, Frullaniaceae, e.g., 
protonema), incl. protonemal brood cells, are defined as one- Frullania parvistipula (leaf border), Jungermanniaceae, 
to few (12)-celled propagules (protonemal gemmae) on above Lophoziaceae, e.g., Lophozia ventricosa, and Scapaniaceae].
ground primary chloronemal filaments, possessing specific Costal gemmae (“Rippengemmen”) arise directly from 
liberation mechanisms by abscission (sensu Correns 1899), costal cells. They are spherical, clavate or filamentous in 
and more detailed in Leptobryum  pyriforme by Duckett and shape, and get formed on the costa at the apex, middle, or basal 
Ligrone (1992). The protonemal gemmae are more seldom part of leaves, both, on ventral or dorsal side. Those formed at 
filamentous (moniliform), 3–6 cells long e.g. in Bryaceae. On base may be difficult to separate from cauline gemmae. 
maturity, the thin-walled abscission cells break easily and the Examples in mosses: Syntrichia papillosa, Syrrhopodon spp. 
gemmae are set free. (leaf apices), and Ulota phyllantha. 

In gemmae, there is also an abscission at the middle Cauline/axillary gemmae (formed from stem cells, 
lamellae of the basal cells, e.g. in Dicranum montanum. “Stämmchengemmen”) are tuberous, clavate or filamentous, 
Gemmiferous protonemata occur in 20–30% of all mosses, and apparently originate from cortical cells on the stem 
especially in acrocarpous ones, particularly in the genus Bryum surface or in leaf axils. A classification according to stem/leaf 
(Pressel et al. 2007), Dicranales, Mittenia (Mitteniaceae), position is often difficult. Examples in mosses: Anomobryum 
Pottiales (with schizolytic separation), and Schistostegaceae. julaceum, Dicranoloma billardieri, Didymodon rigidulus, 
Protonemal gemmae are remarkably rare in pleurocarpous Encalypta streptocarpa, Isopterygiopsis muelleriana, and 
taxa, occurring, however, e.g., in Orthotrichum obtusifolium, Plagiothecium nemorale, Pterigynandrum filiforme.
and Pseudotaxiphyllum elegans. Andreaeidae, Buxbaumiales  Endogenous gemmae (“Endogene Gemmen”). In a few 
(see below), Fissidentales, Grimmiales, Polytrichales, and cases asexual diaspores (gemmae) are produced 
Sphagnidae are principally without protonemal gemmae. endogenously within an initial cell. This case is reported from 
Protonemal gemmae function in increasing the potential for Grimmiaceae, e.g., Grimmia torquata, G. trichophylla, and 
initial establishment and localized dispersal of the plant, Racomitrium vulcanicola. In G. torquata, the endogenous 
especially in situations where sporophytes are rarely produced. stalked gemmae develop above the leaf base out of cells on the 
At present, they have been reported only from mosses (see ventral side of the costa. In liverworts, ovoid or ellipsoidal 2-
Duckett and Matcham 1995, Pressel et al. 2007). celled endogenous gemmae occur in Bazzania kokowana, the 

Protonemal brood cells, specifically, are produced by Fossombroniaceae, in Jungermannia caespiticia, and 
redifferentiation of ageing chloronema cells. They are not well Riccardia spp. (Metzgeriidae).
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Gametangial gemmae are discoid or ovoid, stalked especially Bryaceae, Dicranaceae, Ditrichaceae, 
multicellular gemmae, often present in leaf axils together with Fissidentaceae, and Pottiaceae (see Preston 2004). In 
antheridia. They were recorded from Oedipodium Grimmiaceae (e.g., Grimmia pulvinata, Meusel 1935) 
griffithianum (Oedopodiaceae). rhizoidal tubers develop after decay of shoots. Tubers are long-

Rhizoidal gemmae originate from subterranean rhizoids lived and possess larger amounts of nutritive substances than 
and lack an apical cell. They occur as uniseriate or often spores. As rhizoidal gemmae, they are part of the asexual 
branched filaments, or several-celled, spherical or club- diaspore bank. Rhizoidal tubers and rhizoidal gemmae are able 
shaped bodies. Germination to leafy shoots occur solely via a to survive unfavourable environmental conditions (e.g., 
secondary protonema (Imura and Iwatsuki 1990). Examples in drought and cold) in high amount and remain viable for a long 
mosses: Bryoerythrophyllum ferruginascens, Bryum time. They are typical for taxa which propagate almost entirely 
radiculosum, Dicranella staphylina, and Leptobryum asexual and are associated with the colonists strategy; these 
pyriforme (Risse 1987). Rhizoid gemmae are part of the taxa colonize habitats in a short time in a very effective way.
a s e x u a l  d i a s p o r e  b a n k  o f  
bryophytes (e.g., During 2001). 
They are to a high degree able to 
survive unfavourable conditions 
(drought, cold), much better than 
shoots.

Gemmae in thallose liverworts 
are multicellular and known to 
occur in Cavicularia densa, while 
discoid and thallose gemmae are 
recorded from Metzgeria spp. The 
latter originate from the thallus 
margins (e.g., M. temperata), and 
are called also brood branches. In 
Blasia pusilla two types of 
multicellular parenchymatous 
gemmae exist.

Rhizoidal tubers,  tubers 
(“Knöllchen”) in mosses, are 
spherical to ellipsoidal, pyriform, 
and thick-walled, with an apical cell 
with two or three cutting faces. They 
are composed of 10 to more than one 
hundred cells, usually reddish 
brown to dark brown in colour when 
mature, and are borne on usually 
subterranean rhizoids. Two different 
types of germination are reported 
from rhizoidal tubers: (1) the tubers 
develop directly into a leafy shoot, 
when the apical cell is reactivated 
(e.g., Bryum capillare, B. rubens). 
(2)  The diaspore  produces  
secondary protonemata and forms 
moss plants indirectly, when the 
apical cell is not reactivated (Imura 
and Iwatsuki 1990). Rhizoidal 
tubers are observed in many moss 
species, and in particular widely 
distributed in acrocarpous mosses; 

Figs. A-C.  Conocephalum japonicum  and D-H. Anthoceros angustus,  A. Conocephalum japonicum, 
thallus with gemmae on margins, B. Magnified view of the thallus margin to show attached gemmae, 

C. A gemma germinating to give rise new thallus, D. Anthoceros angustus,  thalli with gemmae on the 
margins, E. Magnified view of thalli with gemmae, F & G, gemma with stalk , H . A detached  gemma.
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Corens C 1899. Untersuchungen über die Vermehrung der In liverworts, tubers occur almost exclusively 
Laubmoose durch Brutorgane und Stecklinge, Jena in Fossombronia, Petalophyllum and Sewardiella 
(Fischer).(Fossombroniales),  in  Geothallus  tuberosus 

(Sphaerocarpales), Riccia spp., (e.g. R. gougetiana), typically Duckett JG and Ligrone R 1992. A survey of liberation 
as an adaptation to arid environments. In hornworts, several mechanism and germination patterns in mosses. J. 
Anthoceros and Phaeoceros spp., (e.g. P. laevis), have Bryol.17  335-354. 
swollen, small thallus cells with reduced vacuoles, covered by 

Duckett JG and Matcham HW 1995. Gemmiferous an epidermis (=”inner tubers”) (Ligrone and Lopes 1989). 
protonemata: an overlooked dimension in the They include cyanobacteria that belong to the hornwort 
reproductive biology of mosses. Bull. Brit. Bryol. Soc. 65 symbiosis. After decay of the thallus these tubers survive long 
22-23.dry periods and re-colonize the former habitat. P. bulbiculosus 

shows stalked tubers on the ventral thallus side, which During  HJ 2001. Diaspore banks.  Bryologist  104 92-97.
function as asexual diaspores and perennating organs. In 

Frey W and Kürschner H 2011. Asexual reporoduction, habitat 
general, asexual propagula in bryophytes are often, due to 

colonization and habit maintenance in bryophytes. Flora. 
their mass, at the maximum limit of short-range dispersal. 

206 173–184.
With increasing mass the probability of transport by air 

Imura S and Iwatsuki Z 1990. Classification of vegetative streams in vegetated areas decreases significantly, and 
diasporas on Japanese mosses. Hikobia 10 435-443.transport by air streams usually results in dispersal over only 

short distances, especially in closed forests (e.g., Anastro Ligrone R, Duckett JG. and Gambardella R 1996. 
phyllumhellerianum, 0–10 m from the source colonies Development and liberation of cauline gemmae in the 
(Pohjamo et al. 2006). Asexual reproduction will therefore moss Aulacomnium androgynum (Hedw.) Schwaegr. 
mainly contribute to local colonization and habitat (Bryales): An ultrastructural study. Ann. Bot. 78 559-568.
maintenance (Frey and Kürscher 2011).

Ligrone R and Lopes C 1989. Cytology and development of a In the present communication, multicellular discoid 
mycorrhiza-like infection in the gametophyte of gemmae on Conocephalum japonicum (a thalloid liverwort) 
Conocephalum conicum (L.) Dum. (Marchantiales, are reported. These are produced on the on the dorsal surface 
Hepatophyta). New Phytologist 111 423–433.as well as on the margins of the thallus (Figs. 1A, B). They are 

green when young but turn brown to black with age and shed Meusel H 1935. Wuchsformen und Wuchstypen der 
by splashing of the rain drops and germinate. The gemmae europäischen Laubmosse. Nova Acta Lepoldina 3(12) 
sometimes are found to germinate on the parental thalli itself 123-277. 
(Fig. 1C).  On the other hand, stalked multicellular, discoid  

Peng T and Zhu RL 2013. A revision of genus Anthoceros 
gemmae in Anthoceros angustus (Anthocerotophyta) have 

(Anthocerotaceae, Anthocerotophyta) in China. 
also been reported. They are produced on the margins  as well 

Phytotaxa 100  21-35.
as on the sub-marginal dorsal surface of the thalli (Figs.1 D-F). 

Pohjamo M, Laaka-Lindberg S and Ovaskainen O et al. 2006. They are detached with the force of the rain drops and 
Dispersal potential of spores and asexual propagules in germinate to give rise the new thalli (Figs. 1G, H). In various 
the epixylic hepatic Anastrophyllum hellerianum.  Evol. species of Anthoceros, gemmae have also been reported by 
Ecol. 20 415. doi:10.1007/s10682-006-0011-2Ligrone and Lopes (1989), Asthana and Srivastava (1991) and 

Peng and Zhu (2013). Pressel S, Matcham HM and Duckett JG 2007. Stuides of 
The formation of gemmae in Conocephalum japonicum protonemal morphogenesis in mosses. XI. Bryum and 

and Anthoceros angustus in Nagaland are attributed to allied genera: a plethora of propagaules. J. Bryol. 29 241-
continuous rains in the North-East India in general and in 258.
Nagaland in particular which makes the environment humid 

Preston CD 2004. An updated list of British and Irish throughout the year.
bryophytes from which tubers have been reported. Field Acknowledgements—Thanks are due to one of my students 
Bryology  83 2–13.Dr. Kazhuhrii Eshuo for his help rendered during  present 

investigation. Risse S 1987. Rhizoid gemmae in mosses. Lindbergia 13 
111-126.
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