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Phenological data for three species of Asterella (A. wallichiana, A. multiflora and A. leptophylla) growing in foothills 

of Himalaya have been collected fortnightly for one year. Environmental attributes and topography affect the phenology 

of the male and female receptacles and it also varies from one geographical location to another. In all the three species,

 male and female receptacles occurred simultaneously. A. multiflora and A. leptophylla followed exactly the same 

phenological behaviour. In these two species, winter was found to be the most favourable period for both male and 

female receptacles, while, in A. wallichiana, both the phases were observed during monsoon-autumn. A. wallichiana also 

depicted a distinct sporophytic period (autumn-winter) as compared to the rest of the two species in which sporophytes w

ere observed in winter-spring.

 Phenology, Asterella multiflora, A. leptophylla, A. wallichiana, sporophyte
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MATERIAL AND METHODSAmong the chambered hepatics, maximum diversity in 

Jammu region is represented by family Aytoniaceae (also Study area : Populations of Asterella wallichiana, A. 
called Rebouliaceae) followed by Marchantiaceae, multiflora and A. leptophylla (both on epilithic and non-
Ricciaceae, Exormothecaceae and Targioniaceae. A total of epilithic substrate) have been geo-referenced and 
twelve species belonging to Aytoniaceae including five photographed in situ in the field between 549-610m 
species of Asterella have  been reported so far from the respectively (Table 1). This area lies in the foothills of 
region. Some of these, counting Asterella angusta (syn. Shiwaliks between subtropical and temperate Himalaya (Fig. 
Asterella wallichiana) as well, even constitute the 1 A, B). The flora here comprises of Chir-pine (Pinus 
commonest element of hepatic flora of a few districts. Many roxburghii), broad-leaved deciduous as well as evergreen and 
of these liverworts have been investigated for a large number scrub forests, interspersed with frequent grassland patches and 
of aspects including intra- and inter- specific diversity, agricultural croplandsTable 1 – Investigated populations of 
morphogenetic potential and a few aspects of reproduction. three species of Asterella.  
Information collected by some workers (Long 2006, Kumari 

Table 1– Investigated populations of  Plagiochasma appendi-
2009, and Sharma 2010) has revealed phenological 

culatum and Reboulia hemispherica
variations at intra- and inter- specific levels. Morphogenetic 

Taxa Sitesstudies on gametangial initiation (Ridgway 1967, Benson-
Asterella ShivKashi (a)(N33003/24// E74029/00//;Evans and Hughes 1955, Chopra and Rawat 1977, Vashistha 
wallichiana, 610masl)1985) have revealed that the periodicity of vegetative growth 
A. multiflora  Bajabain (b) (N33003/00// E74025/05//;and reproduction (both asexual and sexual) in bryophytes is 
and 549masl)controlled by physical (light, temperature, humidity and 
A. leptophylla Thandapani (c) (N33003/33// E74029/

hydration) and chemical (carbohydrates, nitrogenous 
15//; 595masl)

substances, growth regulators, chelating agents and pH) 
Seri (d)(N33004/15// E74019/32//;564 masl)

factors. There is, therefore, a dire need to undertake such 

studies in these and other growing at various sites. Asterella wallichiana (Lehm.) Grolle. (Syn. Fimbriaria 
The present investigation was undertaken to understand angusta Steph.; Asterella angusta (Steph.) Kachroo) : Thalli 

the phenological behavior of three species of Asterella in are monopodially or dichotomously branched, linear and 
green in colour with very conspicuous areolae. The mature Sunderbani tehsil of Rajouri district (Fig. 1A, B). Rajouri is a 
male receptacles are elliptical, sessile and present on the hilly district of Jammu division with an altitudinal range of 
dorsal surface along the median region of the thallus (Fig. 2A). 520-4350m and comprises of a total of 13 tehsils, and 
Female receptacles, on the other hand, are star shaped and Sunderbani lies at the lowest altitude and shows proximity 
stalked with hyaline perianth (Fig. 2F ).with Jammu district.



Fig. 1- A. Rajouri distric in J&K state, B. Study sites in Sunderbani area of Rajouri district. a. Shivkashi, b. Bajabain, c. Thandapani and d. Seri 

Asterella multiflora (Steph) Pande, K.P. Srivast. & Sultan of which were again trifurcated into three categories viz a viz 
Khan. (Syn: Asterella pathankotensis (Kashyap) Verd.; initiating receptacles (I); young receptacles (Y) and mature 
Asterella multiflora (Steph.) Kachroo; Fimbriaria sanguine receptacles (M) (Fig. 3). 

Morpho-anatomical : Portion of plant patch has been Lehm. & Lindenb): Thalli of A. multiflora have been 
removed from substratum and brought to the laboratory for the characterized by long, linear, green patches with conspicuous 
morpho-anatomical studies as per the suggestions of Madhu areolae. Male receptacles are very small, sessile, discoid and 
(2014).present terminally on the ventral shoot (Fig. 2J), while the 

female ones are stalked, 1-4 lobed with drooping perianth and RESULTS
are present on the main shoot ( Fig. 2I ).

Asterella wallichiana : The taxon has been georeferenced on Asterella leptophylla (Mont.) Pande, K.P. Srivast. & Sultan 
epilithic (rocks and stones) and non-epilithic (soil) habitats in Khan. (Syn: Fimbriaria reticulata Kash ; Asterella evansii 
the month of June with luxuriant growth in the form of (Kash.) Kachroo; Asterella reticulata (Kash.) Srivastava and 
vegetative patches till mid-July. Initiation of male receptacles Khan. A. leptophylla resembles very closely with A. 
has been recorded during mid-July (Table 2) and grows to multiflora. The two taxa differ in the position of receptacles 
maturity with fully developed antheridia in August (Figs. 2A only. While in A. leptophylla, male receptacle is present on the 
and 2B). The dehiscence starts in ending September. main thallus and female on ventral shoot (2R), it is reversed in 
Similarly, female receptacles also initiate during mid-July case of A. multiflora.
(Fig 2C) and archegonia appeared during ending July (2D). Abiotic factors : Parameters like pH of substrate, air 
The female receptacle matures in August when archegonia temperature and relative humidity have been recorded during 
show swollen venter and degenerating neck (Fig 2E) with the study period.
developing and developed sporophytes (Fig. 2F) bearing Soil pH: To determine the soil pH, a soil mixture was prepared 
spore mother cells (Fig. 2G) and spores. Sporophytes start by thoroughly mixing 10g of air-dried soil in 20 ml of distilled 
dehiscence during September. Spores are somewhat water in the ratio 1:2. The mixture was stirred regularly over a 
tetrahedral and yellowish brown in colour and elaters are period of 1 hr prior to determination of pH value. The pH 
elongated and bispiralled (Fig. 2H). Thus, the sporophytic values displayed on pH meter (model: Hanna) were recorded 
phase is therefore, observed from September to February, by putting the electrode of the instrument in the soil: water 
whereas patches begin to dry in the ending of February and (1:2) suspension for each site separately (Gleissman 2000).
remain in dry condition till June of next year. Regeneration Air temperature and relative humidity: Both the 
starts again in June after the first shower of rains due to parameters have been recorded periodically using portable 
western disturbances.thermometer and hygrometer (MEXTECH M288CTH).
Asterella multiflora : Emergence of new thalli of A. multiflora Phenological data: Different developmental stages were 
has been recorded in the month of June/July (Table 2) and divided into five categories (vegetative, asexual, sexual, 
initiation of male receptacles observed in ending November/ spores/elaters and senescence), and the phenological data 
December. Young receptacles bearing antheridia (Fig. 2K) have been recorded by visiting study area periodically for one 
have been observed in mid-December which began to dehisce complete year for all the three species. Sexual stage (event) 
during December/January. Female reproductive phase has been further divided into male and female sub-events, both 

a

b

c

d Sunderbani area
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leptophylla, male receptacle is present on the main thallus and commences in ending November (Fig. 2L) and the young 
female on ventral shoot (Fig. 2R); it is reversed in case of A. archegonia appear in mid-December (Fig. 2M) which mature 
multiflora (Figs. 2I and 2J).within a week. The receptacles during this period are found to 

Data regarding effect of average temperature and average contain archegonia with degenerating neck and swollen venter 
relative humidity on luxuriance of taxa  reveals that all the having a developing sporophyte (Fig. 2N). Sporophytes with 
taxa grow luxuriantly over a wide range of temperature and spores and elaters develop during January/February (Fig. 2O) 

orelative humidity. They show maximum abundance at 14-30 C and dehisce in the month of April. Anatomical details reveal 
which decreases with rise in temperature. Relative humidity, that spores are globular, winged structures and elaters bispiral 
on the other hand, did not show any noticeable impact on it (Figs. 2P and 2Q). Patches embark on to dry during mid-May 
(Table 2).and remain as such till ending June and beginning of July.

Asterella leptophylla : Observations made for A. leptophylla DISCUSSION
reveal that the species resembles very closely with A. 

A taxonomic revision of the genus Asterella multiflora with respect to the phenology. Both the species are 
(Aytoniaceae) has been made by Long (2006). According to present in close association with each other so that it is very 
him, the genus Asterella is poorly understood taxonomically difficult to identify them in a patch. The two taxa, however 
and a worldwide revision of the c. 158 described species is differ in the position of receptacles. Thus, while in A. 

January + - - - +/+(D) - + +(M,D) +(M) +/+ - 14.2 65 +++ +++++

February + - - - +/+(D) + + +(D) +(M) +/+ - 17.9 68 +++ +++++

March + - - - - + + +(D) - +/+ - 21.8 56 +++ +++++

April - - - -  - + + - - +/+(D) - 25.7 49 +++ ++++

May - - - - - + - - - - + 32.1 51 +++ ++

June + - - - - - - - - - + 36.9 69 ++ +

July + - +(I,Y) +(I,Y) - - + - - - - 35.4 75 ++ ++

August + - +(Y,M) +(Y,M) - - + - - - - 30.1 83 +++ +++

September + - +(D) +(M) +/+ - + - - - - 29.9 66 +++ ++++

October + - - - +/+ - + - - - - 26.3 58 +++ ++++

November + - - - +/+(D) - + +(I) +(I) - - 22.9 54 +++ +++++

December + + - - +/+(D) - + +(Y) +(Y,M) - - 18.2 58 +++ +++++

+ = present; - = absent; I= Initiating receptacles; Y= Young receptacles; M= Mature receptacles; D= Dehisced receptacles; Inn= Innovations; 
VP= Vegetative patches.
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Table 2- Phenological table of  Asterella wallichiana and Asterella multiflora.

Developmental stages

Initiating receptacle (I)                   Young receptacle (Y)                      Mature receptacle (M)

Male                         Female

Vegetative                     Asexual                     Sexual                   Spores/elaters              Senescence
 

Fig. 3 : Various phonological events 

2019 117Inter-specific variability in phenology of three species of Asterella



badly needed. Its gametophyte is morphologically complex 2002, Tanwir et al. 2008, Kumar 2009, Madhu 2014).   
and rich in qualitative characters and the sporophyte is highly Asterella wallichiana a xerophytic liverwort grows over a 
reduced but shows great diversity in spore ornamentation wide range of altitude and presently collected from 549-610 
patterns. Its gametophyte is morphologically complex and rich m.  Earlier, it has been collected from altitude ranging between 
in qualitative characters; the sporophyte is highly reduced but 340-2800m of different parts of the Jammua region.  Kumari 
shows great diversity in spore ornamentation patterns. Long (2009) has studied mode of reproduction in A. angusta and A. 
(2006) has accepted sixteen species of Asterella and described pathankotensis collected from various sites located over an 
them in detail, along with keys to subgenera and species altitudinal range of 340-650m in Jammu district. Sharma 
(including regional keys), full synonymy and typification, 

(2010) has studied the seasonal pattern of liverwort 
including designation of many new lectotypes. The revision 

distribution from Nagbani (Jammu). Sharma (2010) has 
made by him demonstrates a major advance in knowledge 

observed maximum luxuriance of these species during 
ofAsterella and extensive reduction in names due to past over-

September.On the other hand, present authors have collected description; the existence of two undescribed species.    
this species in the months of August-May. Kumari (2009) Several important species of Asterella (A. wallichiana, A. 
studied the phenology in a total of six accessions of A. angusta angusta, A. multiflora and A. pathankotensis) have been 
collected from various sites in and around Jammu. Table 3 and collected from a wide range of altitude from Jammu regions by 
Fig. 4 shows that presently studied six accessions exhibit various works in the laboratory of present authors (Gupta 

Fig. 4 : Phenological clock of Asterella wallichiana and A. multiflora. (A) Phenological clock of A. wallichiana (B) Radar diagram showing the 
effect of temperature and relative humanity on luxuriance of A. wallichiana  (C) Phenological clock of A. multiflora (D) Radar diagram 
showing the effect of temperature and relative humidity on luxuriance of A. multiflora. 
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Table 3— Comparison of reproductive phenology of  Asterella wallichiana, A. multiflora and A. leptophylla in NW Himalaya.

Studies Male phase Female phase Sporophytic phase Total duration of reproductive
(months) (months) (months)  phase  (months)

A. wallichiana

Kumari (2009) (6 acessions)

AaB (Bantalab) July-Sep July-Sep Sep 3 (July-Sep)

AaD (Domail) Nov-Dec Nov-Dec Jan 3 (Nov-Jan)

AaJ (Jagti Road) Nov-Dec Nov-Dec Jan 3 (Nov-Jan)

AaM (Mayamaya) Dec-Jan Dec-Jan Feb 3 (Dec-Feb)

AaN (Nagbani) July-Sep July-Sep Sep-Oct 4 (July-Oct)

AaNg (Nagrota) Dec-Jan Dec-Jan Feb 3 (Dec-Feb)

Sharma (2010) Aug-Sep Sep-Oct Oct 3 (Aug-Oct)

Madhu (2014) Aug-Oct Sep-Oct Nov-Feb 7 (Aug-Feb)

Current study July-Sep July-Sep Sep-Feb 8(July-Feb)

A. multiflora

Kumari (2009) and Sharma (2010) - - - 5 (Nov-Mar)

Current study Nov-Feb Nov-Feb Jan-Apr 6 (Nov-Apr)

A.leptophylla   

Madhu (2014) Dec-Mar Nov-Dec Jan-Mar          4 (Dec-Mar)

Current Study Nov-Feb Nov-Feb Jan-Apr          6 (Nov-Apr)

difference in various phenological events and exhibit period from November-March whereas, Madhu (2014) 
differences with the observations recorded by, Sharma collected dehisced male receptacles and female receptacles in 
(2010)s and Madhu (2014). post-fertilization stages during October/November. During 

According to Kumari (2009) thalli of A. wallichiana can present study, both male and female reproductive phases were 
tolerate a wide temperature range. Sharma (2010) also observed from November-February (four months duration). 
observed no significant correlation between luxuriance and Sporophytes were collected from January-April (four months 
temperature/relative humidity. However, present authors have duration) (Fig 4). Thus, the reproductive phase observed 
noticed that luxuriance of thalli of this species is negatively was slightly extended (November-April; six months 
correlated with temperature and relative humidity has no duration). Kumari (2009) and Madhu (2014) proposed that the 
noticeable effect. thalli of A. multiflora were restricted to cold conditions only. 

Asterella multiflora is a species which grows at relatively Sharma (2010) on the other hand, did not record any 
lower altitude. Like A. wallichiana, phenological data are correlation between the luxuriance of A. multiflora and 
available for this species also through work of Kumari (2009) temperature, but, relative humidity showed no noticeable 
Sharma (2010) and Madhu (2014). Kumari (2009) analyzed effect on it (Fig. 4).            
six accessions of A. pathankotensis (syn. A. multiflora) Only a single report has been made so far regarding the 
collected from an altitude range of 340-650m in Jammu phenology of Asterella leptophylla. Madhu (2014) reported 
district, Sharma (2010) from Nagbani (350m) and Madhu the emergence of thalli during July. She has found female 
(2014) from 305-2060m. While Sharma observed maximum reproductive phase during winters (November-December) 
luxuriance from December-May, presently, it was noticed and male phase during December-April. The phenological 

data for A. leptophylla were similar to that of A. multiflora from October-March. According to Kumari (2009), thalli of A. 
(Table 3). A. multiflora and A. leptophylla followed similar multiflora appeared in field during October-November, while, 
sequence of various events. Both these species are Sharma observed the new thalli appearing in November. 
monoecious, and grow together in undistinguishable masses Under present study, the thalli of both the species appeared 
and have  similar requirements for their vegetative as well as during July. While, Sharma observed the vegetative phase 
reproductive cycle. These species also stand distinct from from April-May, it was presently noticed from July-October. 
other one in the sense that they displayed the longest 

Kumari (2009) and Sharma (2010) recorded the reproductive 
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Gupta R 2002. Taxonomic studies on Hepatic Flora of District vegetative period (4 months duration) against one month of 
Jammu. M.  Phil. Dissertation, University of Jammu, vegetative as well as reproductive phase. 
Jammu. (Unpublished data)

CONCLUSION
Kumari B 2009. Studies on the reproductive biology of Asterella multiflora and A. leptophylla followed exactly 

Asterella pathankotensis (Kash). Kachroo and  A. 
at same phenological behaviour. Autumn (August-October) 

angusta (Steph.) Kachroo. M.  Phil. Dissertation, 
was observed as most favourable period for male receptacles University of Jammu, Jammu.
in all the taxa except Asterella multiflora and A. leptophylla in 

Long DG 2006. Revision of genus Asterella P. Beauv. In which male phase was found during winter (November-
Eurasia. Bryophytorum bibliotheca 63 1-299.February). Female receptacles emerged during winters in 

all species except Asterella wallichiana which showed Madhu 2014. Studies on the reproductive biology of some 
female receptacles in monsoon-autumn. Sporophytes were hepatics of Jammu Province. Ph.D. Dissertation, 
most abundant in late winter-spring except in Asterella University of Jammu, Jammu (Unpublished data).
wallichiana which depicted a behaviour and formed 

Ridgway JE 1967. Factors initiating antheridial formation in sporophytes during autumn-winter (September- February).
six Anthocerotales. The Bryologist, 70  203-205.
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