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Abstract 

This thesis presents an historical background on bryological studies in Tasmania in 
order to provide a context for the floristic and ecological investigation of these 

cryptogams as a component of the epiphytic flora in rainforest corrununities. 

The period from the mid-nineteenth century to the early decades of the twentieth 

century saw the greatest effort in taxonomy of bryophytes. The discovery and 

description of much of the bryological flora of Tasmania resulted from the works of 

J.D. Hooker. R.A. Bastow, W.A. Weymouth and culminated in the two volume 

Bryophyta of Tasmania by Leonard Redway. There followed a period of almost half a 

century during which bryophytes received little attention and the last two decades have 

been devoted to a reappraisal of our taxonomic knowledge of this group. We can 

confidently recognise in our current flora 361 species of moss and 282 species of 

hepatics, and their biogeographical affinities to other southern land masses is 

discussed. In contrast there have been relatively few studies on other aspects of their 

biology and this thesis attempts to explore an ecological role of bryophytes. 

In this account a study on a particular ecological niche has been chosen. The floristic 

composition and adaptations of epiphytic bryophytes have been investigated on two 

major rainforest tree species in western and north-western Tasmania. Studies 

elsewhere on epiphytic bryophytes have produced varied results on both floristic 

composition and controlling factors. There was a total of 61 bryophytes recorded from 

the trunk region of Nothojagus cunninghamii (angiospenn) and Athrotaxis 

selaginoides (conifer) throughout 12 rainforest sites. Most species were facultative 

epiphytes. The hepatics were found to be the dominant component and the bark of N. 

cunninghamii was clearly the preferred substrate. There was considerable variation in 
numbers of epiphytes per tree and it would appear that microclimatic factors rather 

than bark characteristics are having the greater influence for a change in composition 

of the epiphytic flora from one forest system to another. 

The epiphytic bryophyte is almost entirely dependent on its surrounding environment 

for its existence. Therefore a variety of ectohydric strategies would appear to be 

employed to sustain the plant in that habitat. The majority of epiphytic mosses and 

hepatics studied on the two host tree species exhibit inter-organ capillary ec[ohydric 

conduction. A few displayed epi-organ capillary conduction (papillosity) and these 

adaptations were studied in detail using scanning microscopical techniques. The fonn 

of papillae ranged from a single dome-shaped papilla to multi-stalked papillae per cell. 
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The advent of the environmental S.E.M. revealed a marked improvement in describing 

these varied delicale surface features when compared to the traditional S.E.M. 

procedure of fixation, dehydration and crilical point drying. The role of these papillae 

in distributing water over the surface of the plant as well as preventing excessive 

accumulation over the cell that would limit photosynthesis and respiration is 

discussed. 

{ 

, ------- 1 

UTAS 

� ------ --"-.-- -._.-._-----

IV 



Acknowledgments 

I wish to lhank my supervisor, Professor Bob Hill for his advice and persistent 

encouragment that saw the completion of this research. I would also like to extend my 

appreciation to other staff and students of the School of Plant Science who gave 

encouragment and support during the time (his work was undertaken. 

My thanks are due to a number of people who provided help that enabled me to make 

field collections and carry out fieldwork. Professor Peter Tyler and Dr. Dominic 

Hodgson gave me the opportunity to sample in the upper reaches of the Gordon 

River. Drs. Greg Jordan, Rob Wiltshire, Tim Brodribb and Ray Carpenter who 

provided wonderful companionship on the forays to sampling destinations on the west 

coast of Tasmania. Also thanks to Rob, Greg and Tim who patiently dealt with my 

numerous requests for help with computing. 

I am indebted to the technical assistance I have received throughout the course of this 

study. To the Central Science LaboralOry. University at Hobart, especially Wieslaw 

Jablonski for his guidance in scanning electron microscopy and to Fred Koolhof for 

his expertise in producing high quality photographs. My thanks to the Curator of the 

Tasmanian Herbarium (HO) who allowed constant access to the Bryophyte collection. 

Finally I would like to express my special thanks to my wife, Maryanne and family, 

Timothy, Joanne and Alisa who have all shown great tolerance during the completion 

of this research. 

v 



Declaration 

Abstract 

Acknowledgments 

Table of Contents 

Chapter 1 General Inrroduction 

1.1 Historical Perspective 

1.2 

1.3 

1.4 

Current Knowledge 

Endemism 

Phytogeography 

Chapter 2 Biological Characteristics of Bryophytes 

2.1 Alternation of Generations 

2.2 Lignin 

2.3 Reproduction 

2.4 Poikilohydry and Desiccation-tolerance 

Chapter 3 General Methods 

3.1 Identification 

3.2 Light Microscopy 

3.3 Scanning Electron Microscopy 

Chapter 4 Ecology of Epiphytic Bryophytes 

4.1 Introduction 

4.2 Aims of Study 

4.3 

4.4 

4.5 

4.6 

The Host 

Study Sites 

Results 

Discussion 

Chapter 5 Epi-organ Adaptations of Epiphytic Bryophytes 

5.1 Introduction 

5.2 Papillae in Ectohydric Conduction 

Page 

II 

III 

v 

1 

3 

5 

9 

19 

20 

20 

22 

25 

25 

25 

27 

28 

28 

31 

34 

54 

57 

59 

5.3 Adaptation of Papillose Surface Features 61 

5.4 Aim of Study 62 

5.5 Results 62 

5.6 Discussion 66 

5.7 Evaluation of Scanning Microscopy to the Study of Surface Features 

in Bryophytes 69 

VI 



Conclusions 

References 

Appendix 1 Taxonomic Arrangement of Epiphytic Bryophytes 

Appendix 2 Relevant Published Scientific Papers 

" 
,I 

/'1 
I 
\ 

UTAS 

� .. -- ... �- -��, 

vii 

, 

Page 

79 

82 

92 

96 



CHAPTER 1 
General Introduction 

The bryophytes along with the algae, lichens and fungi are often referred to as the 
non-vascular cryptogams. However, as in the other cryptogamic groups, the 

bryophytes represent a well-defined and circumscribed group of plants. They 

traditionally comprise three groups, mosses [Musci] , liverwons [Hepaticae] and 

hornwort' [Anthocerotael (Schofield 1985). The bryophyte, are autotrophic land 

plants. in which the life history is characterized in most cases by the gametophyte 

(haploid) generation acting as an independent perennating stage while the diploid 

sporophyte is short lived and variably dependent on the gametophyte. 

1.1 Historical Perspective. 

The early knowledge of Tasmanian bryophytes is founded on the collections made 
during the botanical exploration of the antipodes. The most important of these are the 

collections of Ronald Campbell Gunn and William Archer during the early part of the 

nineteenth century. Neither Gunn nor Archer were trained botanists let alone 

experienced bryologists. Gunn had been introduced to the discipline of botany by 

Robert William Lawrence and consequently his widespread collections were 

accompanied with detailed infonnative notes (Maiden 1909). Archer's collections 

were more restricted, but his influence as a member of the fIrst Legislature of 

Tasmania ensured financial support for the publication that contained the first 

comprehensive treaUTIent of the flora of Tasmania including the cryprogarns. 

The earliest floristic account to describe the bryophytes of Tasmania is included in 

Part III, Aora Tasmaniae, of 1.D. Hooker's Bo tany o j  the An ta rc tic Voyag e . In this 

publication Wilson (1859) described 250 species assigned to 64 genera of mosses 

with seven plates of illustrations. In contrast there were only 126 hepatic species 

within 30 genera described, with three plates of illustrations (Mitten 1859). However, 

many of the Tasmanian hepatics had been previously included in the floras of New 

Zealand and the southern South American Island of Fuegia. Thus the diversity of the 

bryophytic flora, especially the mosses, was well established at this time and the 

impact of subsequent studies can be seen in Figure 1.1. 

There have been a number of papers describing additional taxa since the publication 

of "Aora Tasmaniae", however two Significant compilations which further updated 

the knowledge of mosses and hepatics in Tasmania were published at about the turn 

of the century. The first of these was the description of Tasmanian mosses with an 
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illustrated key by Bastow (1887). In the following year he published an elementary 

key with accompanying plates of illustrations describing the Tasmanian hepatics 

which included the hornworts (Bastow 1888). This was the flrst local anempl to 

describe the bryophyte flora and formed the basis for Rodway (1913-14) to present a 

further moss flora with descriptive keys for many genera. Although published as 

three separate articles in Pa pers a nd Proc eedings 0/ th e Royal Society o f  Tas mania 

(1912: 3-24,87-138 and 1913: 177-263), Rodway's work was reissued as a single 

volume Tas ma nian B ryo phy ta Vol .  I. Moss es in 1914. Similarly the hepatics were 

tteated in a separate pre-print Tas manian B ryo ph yta Vol .  ll. Hepa tics in 1916, the 

year before it was published in Pa pers and Proc eedings o f  th e Royal Society o f  

Tas man ia for 1916; 51-143 (1917). The Tasmanian Bryophyta by Rodway is 

generally considered the flrst regional bryophyte flora in Australia. 

The dramatic rise in the number of taxa was in part due to the enthusiastic collecting 

and subsequent publislUng of species by Weymouth (1894, 1896 and 1903). 

However, many of these "new species to science" have since been reduced to 

synonymy. The ensuing half century saw a period of decline in bryological research. 

This time of inactivity resulted in a drought of taxonomic knowledge particularly for 

the hepatiC flora, while the reassessment of Rodway's herbarium by Sainsbury 

(1953a-1956b) allowed the mosses to be better understood. It has taken the laner half 

of the twentieth century to resurrect this unfortunate aberration in cryptogamic 

studies. 

1.2 Current Knowledge 

The impetus for the resurgence in bryological studies began during the 1950's when 

J.H. Willis began publishing the results of his investigations, mainly on Victorian 

mosses, and studies of species of particular interest (Willis 1950). However a serious 

foray into Tasmanian bryophytes only resulted when Scon and Stone (1976) 

provided a much needed comprehensive tteatment of the mosses in the southern 

Australian region including Tasmania. This lreatment became a watershed for 

Australian bryology and subsequent taxonomic revisions of genera and groups has 

allowed the development of more informative checklists of Tasmanian bryophytes. 

The most significant revisions in the moss flora were as follows; Ditrichu m (Seppelt 

1982), Macro mi tr iu m (Vin and Ramsay 1985), P apilla ria (Streimann 1991), 

Thuidi wn (Touw and Falter-van Den Haak 1989) and Zygodo n (Lewinsky 1989). 

The outcome from much of this revisionary study was a census of the moss flora of 

Australia (Slreimann and Curnow 1991). Allhough this catalogue was based on data 

reported from the literature, it will provide a basis for future research. 
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The drought in the knowledge of Tasmanian hepatics was broken with the publication 

of an annotated key to Antipo�a1 Hepaticae by Schuster (1963). As for the mosses 

there followed a number of important taxonomic revisions of hepatics pertinent to 

Tasmania; Clasmatocolea (Engel 1 980), Frullania (Hattori 1979a,I979b,1983), 

Plagiochila (Inoue and Schuster 1971), Riccardia (Hewson 1970), SchislOchila 

(Schuster and Engel 1985) and the significant revision of Chi[oscyphus and 

Lophocolea by Engel and Schuster (1984). 

While much has been published on liverworts, unlike the mosses there is no recent 

collected account for Tasmania and many of the publications are widely dispersed. 

Scott (1985) provided a collation on the southern Australian liverworts, but this 

mainJy concentrated on Victorian taxa and is therefore of limited use to the Tasmanian 

flora. More importantly the annotated checklist from published literature of Australian 

liverworts (Scott and Bradshaw 1 986) did provide a more infonnative knowledge of 

the hepatic flora. 

The result of this resurgence in Australian bryology has allowed the publication of 

updated checklists on Tasmanian bryophyles. The first of these was Ratkowsky 

(1987) in which there are considered to be 282 hepatic species, while Dalton et al. 

(199 1 )  attempted to clarify the occurrence of mosses within the State and recognized 

36 1 species. Both these checklists were intended to be a basis for future research and 

studies on the ecology, taxonomy and developmental biology of Tasmanian 

bryophytes. These checklists at best provide conservative numbers, however research 

since their publication would indicate that there would not be any significant variation 

to these figures. 

What is of greater interest is that when the number of bryophyte species is compared 

to other groups of land plants in the Tasmanian flora (Table 1.1), it can be seen that 

they comprise an important component in the biodiversity of land plants in the State. 

It is in this context then that research on bryophytes should assume a more prominent 

role than has been given in the past. 

Even though the temperate flora is better understood than the tropical, where large 

areas of vegelation have not been investigated, there is still the need to reassess a 

number of groups. The following moss genera Andreaea, Sphagnum, Bryum, 

Grimmia, and Leucobryum. and the moss family Pottiaceae still require taxonomic 

appraisal. The hepatic groups AnthocerOlaceae, Lepidoziaceae and Lejeuneaceae also 

require revisionary studies before species limits can be more clearly defined (Scott 

1 982). 
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Table 1.1. 

The estimated number of native species in different plant groups 

Lichens# 

Bryophytes (moss and hepatic)! 

Pteridophytes (ferns and allies)* 

Gymnospenns (conifers)* 

Angiosperms: Monocots* 

Angiosperms: Dicots* 

# Kantvilas 1994 

f Ratkowsky 1987 and Dalton et af. 1991 

* Buchanan 1995 

Species 

762 

643 

98 

II 

539 

943 

% endemics 

8 

5 

80 

14 

Irrespective of these limitations and deficiencies in the Tasmanian bryoflora it is still 

reasonable to compare it with floras of comparable temperate geographic regions. 

These data are presented in Table 1.2 and should be qualified with the understanding 

that in some instances these numbers are approximations only. since further 

taxonomic revisions and biogeographic studies will inevitably result in changes. If the 

species diversity or richness is measured as a number per logarithmic area then the 

diversity of Tasmanian moss flora is less than south-eastern Australia (Victoria and 

NSW) and significantly less than New Zealand, even though a large proportion, as 

much as three-quarters, of the Tasmanian flora is shared with those areas (Scott and 

Stone 1976, Beever et al. 1992). On the other hand the hepatics are considerably 

more diverse than Victoria, but like the mosses are markedly less than in New 

Zealand. In fact, of the now temperate Gondwanan land masses (i.e. New Zealand, 

southern Australia, Tasmania, South America and southern Africa), New Zealand 

contains the greatest diversity of bryophyte species. 

1.3 Endemism 

Endemism i.e. the restriction to a certain geographical region or part thereof, whether 

at the species, genus or family level, has always attracted the attention of bryologists 

interested in biogeography. 

Watson (1978) considered that there are two principal types of endemics. 

- Taxa so recently evolved that they lack the time to achieve a wider distribution. 
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Table 1.3 
Moss and hepatic species known to be limited in distribution to Tasmania listed under 

their respective family. 

MOSS 

Aulacomniaceae 

Leptotheca gaudichaudii var. wausii 

Bryaceae 

Brachymenium lanceo/arum 

Bryum microhodon 

Leplobryum sericeum 

Buxbaumiaceae 

Buxbaumia tasmanica 

Dicranaceae 

Campy/opus brunneus 

Dicranodontium tapes 

Dicranoloma angustiflorum 

Dicranoloma angustifolium 

D. billardierei var. angustinerve 

Dicranoloma burchardtii 

Dicranoloma eucamptodollloides 

Dicran% ma nelsonii 

Dicranoloma pendUletia/e 

Ditrichaceae 

Ditrichum subcapillaceum 

Pleurodium lampropyxis 

Fissidentaceae 

Fissidens lortuQSUS 

Grinuniaceae 

Grimmia slenophylla 

Grimmia tasmanica 

Hookeriaceae 

Pterygophyllumflaccidissimum 

Distichophyllum beccarii 

Hypnaceae 

Hypnum nelsonii 

lsopterygium acuminatum 

Onholrichaceae 

Macromitrium subulatum 

HEPATIC 

Acrobolbaceae 

Tylimanthlls pseudosaccatus 

Anueraceae 

Riccardia gracilis 

Balantiopsidaceae 

lsotachis nigelJa 

Brevianthaceae 

Brevianthus j!avus 

Cephaloziellaceae 

Allisoniella lasmanica 

Frullaniaceae 

Frnllania engelii 

GeocaIycaceae 

Clasrnatocolea verrncosa 

Heteroscyphus conjugatlls 

Heteroscyphus gunnianus 

Gymnomitriaceae 

Herzogobryum teres 

Herbertaceae 

Herbertus oldfieldianus 

Lejeunaceae 

Austrolejeunea jannaniana 

Lejeunea norrisi; 

Lepidolaenaceae 

Lepidolaena brachyclada 

Plagiochilaceae 

Plagiochila ratkowskiana 

Radulaceae 

Radula ratkowskianll 

Schistochilaceae 

Paraschistochila isorachyphylla 

SchislOchila rasmallica 

Vandiemeniaceae 

Varuiiemenia ratkowskiana 
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MOSS contd. 

Polytrichaceae 

Polytrichum croceum 

Polyrrichum /ycopodioides 

Pottiaceae 

Barbula chrysopus 

Pottia tasmanica 

Telrapterum weymouthii 

Pterobryaceae 

RhabdodoTltium buftonii 

Rhizogoniaceae 

Rhizogonium aLpestre 

Sphagnaceae 

Sphagnum leucobryoides 

Splachnaceae 

Tayloria gunnii 

Tayioria tasmanica 

- Taxa so ancient that, having disappeared from previous localities, they have become 

restricted to a single geographic region, or other ancient taxa that because of 

geographic barriers have remained endemic. 

It is generally considered that island floras abound in such endemics, however the 

level of endemism in Tasmania is comparatively lower than related geographic 

regions. Based on distributions from known checklislS, it is estimated that 

approximately 9% of the moss flora and 6% of the hepatics are limited in distribution 

to Tasmania. The species of moss and hepatic thought to occur only in Tasmania are 
given in Table 1.3. Earlier studies indicated that the level of endemism was much 

higher, 17% for mosses, than current studies indicate (Sainsbury 1939). By 

comparison 17% of mosses are endemic in NSW (Ramsay 1984), while Fife (1995) 

considers that 20% of the New Zealand mosses are endemic and Glenny (pees. com.) 

estimates at least 40% endemism for New Zealand hepatics. 

The current level of endemism in Tasmania may still be an exaggerated estimate since 

it is possible some species may be reduced to synonymy with further monographic 

revisions. This could easily be the case with several "endemic mosses" which are 

based on very old records. 
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The bener known endemic mosses are Tayloria gunnii and T. tasmanica (Figure 1.2) 

which belong to the distinctive family Splachnaceae, and the endemic hepatic 

Brevianthus jlavlts in the monotypic family Brevianthaceae, which is found as an 

epiphyte in the rainforest communities of western Tasmania. These taxa, as well as 

several others, have a widespread distribution, whereas there are a number of 

endemics that are localized in their OCCurrence. The moss Rhabdodolllium buftonii 

has been recorded from only two localities on the western regions of the State (Norris 

and Montalvo 1981) and Sphag1lum iellcobryoides is confined to wet sandy habitat in 

the south-west of the State (Yamaguchi et al. 1990). There are taxa which are 

geographically restricted but escape the concept of endemic. One such 'near endemic' 

is the moss Pleurophascum grandiglobum, which stands alone taxonomically (Figure 

1.2). This species is confined to wet peaty areas in the western parts of the State at 

both low and high elevations and is also found in a similar habitat in a localized area 

on me west coast of the south island of New Zealand. 

Interpretation of endemism levels based on current distribution data need to be 
undertaken with caution. Scott (1988) considers that knowledge of present 

distributions is without exception incomplete and is often merely fragmentary, while 

knowledge of past distributions is negligible. Therefore any quantitative calculations 

of endemism may be considered futile with our CUrrent state of knowledge. 

1.4 Phytogeography 

The foundation for a discussion of the distribution of bryophytes goes back to 

Herzog (1926). While the understanding of factors which influence patterns of 

distribution have changed significantly since that time, Herzog was able to 

demonstrate that certain pauerns of distribution tend to recur which led to the 

definition of kinds of distribution. However, before any discussion on geographical 

distribution and affinity it is necessary to review the geological history of bryophytes. 

1.4.1 Fossil Record 

The bryophytes, in comparison to vascular groups, are poorly represented in the 

fossil record. However in recent times with better palaeobotanical techniques more 

information is now available to enlighten me phylogeny of mosses and liverworts. 

The fragmentary nature of the bryophyte fossil record is in part due to their small size 

which lack the resistant structures favourable to fossilization. 

In spite of this the earliest certainly known bryophyte is a thalloid liverwort from the 

Upper Devonian Strata of New York State (Hueber 1961). It has been suggested that 
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Fig. 1.2. Endemic mosses (A) Tay/oria gunnjj x7.5. (B) Tay/oria tasmanica x7.5 

and the "near-endemic" moss (e) Pleurophascum grandiglobum x 1.5 
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this fossil liverwort is closely related to an extant genus Pallavicinia, belonging to the 

Metzgeriales (Krassilov and Schuster 1984). Earlier Walton (1925) had described 

thaJloid hepatics from the Carboniferous deposits in Britain which also were 

morphologically similar to genera belonging to the Metzgeriales. The tenuous 

conclusion that ancient liverworts were one of the earliest land plants and bear close 

relationships to extant forms is further supported by more recent studies from the 

Ordovician in Wales (Edwards et at. 1995). 

This 400 million year history of hepatics is in marked contrast to the mosses. The 

oldest known fossil moss is dated from the early Carboniferous strata of England 

(Thomas 1972). This moss with its long acuminate leaves, uniseriate laminae and 

midrib 2-3 cells thick is suggested to have affinity with the largest subclass of 

mosses, the Bryidae. In fact the richest deposit of fossil mosses is in Permian beds of 

the fonner Soviet Union (Neuberg in Krassilov and Schuster 1984). The most 

notable of these is Protosphagnum, which possesses similar leaf aerolation to the 

extant species of Sphagnum. Although the taxonomic relationships of many of these 

fossils are uncertain, it does indicate that by the end of the Permian a diverse moss 

flora was established at least in the Laurasian land masses. Again Miller (1980) 

described a diverse moss flora from late Cretaceous, Tertiary and Quaternary deposits 

from North America, many of which can be related to extant taxa. The occurrence of 

well differentiated mosses and liverworts, with a lack of any intennediate fonns 

which can be dated well back into the fossil record, indicated that these two groups of 

bryophytes represent independent lineages of evolution that had become established 

during the Paleozoic. 

The oldest record from the southern hemisphere is a moss, Muscites guescelini, from 

the upper Triassic of South Africa (Townrow 1958). The details available from the 

fossil material indicate a relationship with the Leucodontaceae, a family that is 

widespread in temperate regions. 

Thus it is apparent that bryophytes are an ancient group which are generally assumed 

to have evolved slowly. Certainly by the Cenozoic most fossils can be adequately 

assigned to extant species. Miller (1980) reports that of 43 mosses described from a 

Tertiary depoSit in Arctic Canada, only one may represent an extinct taxon. Likewise 

European Miocene and Pliocene fossil moss assemblages consist mostly of extant 

species (Dickson 1973). This is not to suggest that there were bryophytes quite unlike 

those that presently exist. 
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As small plants bryophytes are adapted to specialized micro-environments. Therefore 

they are not exposed to the macro�envjronmenta1 changes and thus may persist as 

relicts from geologic ages long after co-existing vascular plants had been forced into 

extinction or into a more highly evolved condition (Crum 1972). Consequently the 

antiquity of bryopbytes that have persisted within specialized micro-niches and which 

have undergone slow rates of evolutionary change, may prove to be of value in 

investigations of phytogeographic relationships. Despite this potential there have been 

only a few studies to date which have used bryophytes in discussions of 

biogeographic affinities. 

1.4.2 Geographical elements in the Tasmanian Bryoflora 

The major floristic elements in the Tasmanian flora were clearly identified in the early 

studies where Hooker (1859) stated "The island of Tasmania does not contain a 

vegetation peculiar to itself nor constitute an independent region ............ found it 

necessary to study the vegetation of a great part of that vast Continent, in order to 

determine satisfactorily the nature, distribution, and affmities of the Tasmanian 

flora". These floristic components that have been identified in the vascular flora, 

similarly occur in the bryoflora as well. 

One of the major elements is the antarctic or circum-antarctic element as defined by 

Vilt (1979). This element is characterized by taxa that occur across southern land 

masses and islands at higher latitudes. In Tasmania it is commonly represented by 

species that are found in montane vegetation, high altitude rainforest or button grass 

sedgeJand. Mosses which can be included in this element are species belonging to the 

genera Biindia and Andreaea, and Racomitrium lanuginosum, R. pruinosum, 

Chrysoblastella chilensis and Lepyrodon lagurus. In the hepatics species belonging to 

Baianriopsis, HerbeTtus, Clasmatocolea (Fig. 1.3) and lamesoniella colorata (Fig. 

1.3) can also be included. There are taxa which can be considered circum-antarctic, 

for example Rhacocarpus purpurascens, but do extend to lower latitudes at high 

elevations (Fig 1.4). Moreover this element is not confined to montane habitats. The 

moss genus Zygodon is an example in which species are found commonly as 

epiphytes or epiliths in lowland cool temperate forests (Lewinsky 1989), while 

Polytrichadelphus magellanicus is a terrestrial colonizing moss species from lowland 

to upland habitats (Proctor 1992) and also is distributed across the circum-antarctic 

zone (Fig 1.4). 

The next significant element is that identified as temperate. It is in trus element that are 

found Australian or Australasian species many of which are often associated with 

Nothofagl�s -dominated rainforest communities. Also, Tasmanian mixed forests i.e. 
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eucalypt-dominated forest with rainforest understory, can also contain taxa belonging 

to this element. The temperate element can be divided into the cool tempernte element 

which contain terrestrial mosses such as Hypnodendron comosum and 

Cyathophorum bulbosum, and the epiphytic mosses /soplerygium limatum and the 

remarkable Eplzemeropsis trentepolzlioides. Species belonging to the liverwort genus 

Schislochila (sensu lat.) are also representative of this element. The second 

component is the � temperate element where Dawsonia and Macromitriwn are 

characteristic moss genera with species represented in Tasmania. 

The tropical element is poorly represented in the Tasmanian bryoflora probably due to 

the cool climate and higher latitude. However, families that are considered tropical in 

origin do have taxa present, for example in the mosses Meteoriaceae (Papillaria spp.) 

and Sematophyllaceae (Sematophyllum spp.). 

In contrast the cosmopolitan element, which contains species with worldwide 

distributions. is well represented and species are often found as colonizers in 

disturbed habitats. Common mosses which are examples of such "weedy" species 

include Funaria hygrometrica, Ceratodon purpureus which are terrestrial pioneer 

species in regenerating native forest, and at the more advances stage of colonization, 

Polytrichumjuniperinttm. In habitats created by human activity the truly cosmopolitan 

moss Bryllm argenreum can be found on bitumen pavements as well as other open 

habitats, while in grassy lawns the moss Kindbergia praelonga can be found, even in 

such habitats in native forest. The commonest cosmopolitan liverwort which inhabits 

wetter disrurbed sites is the thalloid hepatic LWlularia cruciala. 

There are many instances when it is debatable whether a species is cosmopolitan or 

introduced, however there are clear examples in the literarure of adventive species. 

The common moss of woodlands in the northern hemisphere RhYlidiadelphus 

squarrosus, was first recorded in the southern hemisphere from a golf course in 

Dunedin (Child and Allison 1975). Within the last twenty years this species has also 

been collected in similar habitats from Strahan to Waratah on the west coast of 

Tasmania. Other taxa that may be considered introduced include, 

Pseudoscleropodium purum, Acrocladium cuspidatum, Barbula unguiculata and 

Brachythecium albicans (Fife 1995). 

The remaining significant element and probably the most dramatic in pattern of plant 

distribution, is the bipolar disjunct. Essentially bipolar species are those that are 
commonly distributed in the boreal zone with outlying disjunctions in the austral zone 

bur absent from the tropical lowlands, with or without intermediate populations in 
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Fig. 1.3. The distribution of the hepatics (A) Clasmacocolea notophylla (after Engel 

1980)and (B) lamesoniella colorata (after Engel 1990) 
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Fig.l.4. The distribution of mosses (A) Rhacocarpus purpurascens (after Frahm 

1996) and (B) PolylrichadelplllIs (after Smith (1971). 
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tropical mountain areas (Schofield 1974). Most bipolar species do not appear to be 

important in the closed forests where the native bryoflora predominates. Such a 

representative of this element is Tonula papillosa which is found as an epiphyte on 

introduced trees in parkJands throughout the State and as yet hasn't established itself 

on phorophytes in native vegetation. In drier sites it is onen in asociation with T. 

pagorwn which also exhibits a similar disjunction. It is also of interest to note that 

bipolar species tend to occupy the same substrates as they do in the northern 

hemisphere. AJthough there is no estimate for Tasmania, Schofield (1974) suggests 

that excluding introductions there are approximately 70 bipolar disjuncts in the New 

Zealand moss flora. 

1.4.3 Relationships of Tasmanian mosses 

The relationship of the Tasmanian mosses to soutb·east Australia and ew Zealand 

was very evident in early studies. Hooker (1859) recognized tbat "a large proportion 

will probably prove identical witb New Zealand species, and with those of Fuegia 

and the Antarctic Islands". However there was little attempt to ascertain precise 

relationships until tbe early part of this century when regional moss floras became 

available. Sainsbury (1939) estimated that tbe great majority of Tasmanian species, 

approximately 78%, occur also in New Zealand. More tban half of tbe species 

common to botb geographical regions are also found in Australia emphasizing the 

strong presence of the Australian temperate element. During the past fifty years since 

this estimate, tbere bave been a number of monographic studies. In the light of this it 

is still considered that nearly three-quarters of the New Zealand moss flora is also 

found in Tasmania and south-east Australia (Beever el al. 1992). This strong 

relationship also extends to the subantarctic islands. For example, 78% of the moss 

species recorded from the Auckland Islands (Yitt 1979) are also recorded from 

Tasmania and 90% of the mosses recorded by Seppell (1977) fTom Macquarie Island 

also occur in Tasmania. 

This close floristic relationship is further emphasized in vegetational studies on £he 

alpine mosses of south-eastern Australia, Tasmania and New Zealand and sub­

anlarCtic islands (Ramsay el af. 1986). For example, of the 54 alpine mosses given 

for Tasmania, 44 occur on Macquarie Island, 34 on mainland Australia and 38 in 

New Zealand. These studies provide strong support to the proposition that there is a 

well defined circum-antarctic element in the moss flora. 

Although there are close ties with the New Zealand moss flora, there are also 

significant differences. In particular the presence of a well represented tropical 

(Queensland) element in New Zealand which is absent from Tasmania. This probably 
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results from the wider latitude of New Zealand extending into the Oceanic and sub­

tropical climatic influence. 

\Vhile it is clear that Tasmanian mosses have affinities with South America and to a 

lesser extent with South Africa (Scott and Stone 1976). it awaits detailed floristic 

studies before conclusions can be made as (0 the extent of these relationships. 

1.4.4 Relationships of Tasmanian hepatics 

There is no specific account of the relationship of Tasmanian hepatics. although in a 

series of papers Schuster (1969, 1979, 1982) discussed the relationships of the 

Gondwanan hepatic flora. However, some trends in the relationship of the Tasmanian 

flora can be obtained from Piippo (1992), where using an index of similarity a 

comparison of the Australian hepatics is made with nearby temperate and tropical 

geographic areas. It is not surprising that the closest affinity is with the New Zealand 

flora where it is estimated that 80% of Australian genera are shared with New 

Zealand. At the specific level they have separated much more from each other with the 

index of similarity being only 39%. Australia and New Zealand together have many 

endemic genera, but as previously mentioned the level of endemism in New Zealand 

is much higher. In Tasmania there are only two endemic genera and both are 

monorypic - Brevianthus flavus of the family Brevianthaceae and Vandiemenia 

ratkowskiana of Vandiemeniaceae. 

1.4.5 Land based versus long distance dispersal 

The preceeding discussion has described the bryofloristics of Tasmania as a mixture 

of different biogeographical elements and that many of the taxa comprising those 

elements have close affinity to the the floristics of other land masses at similar 

latitudes across the austral zone. The past decade has seen debate in the literature to 

account for the dispersal patterns displayed by the mOSSes and hepatics. 

At the time Raven and Axelrod (1972) proposed the concept of plate tectonics (0 

account for Angiospenn affinities in the southern hemisphere, Schuster (1969) 

initially proposed and then expanded fullher (Schuster 1972) the hypothesis that a 

similar set of events could explain the origin and distribution of antipodal hepatics. 

According to Schuster, during the Cretaceous there existed a rich flora of cool­

adapted and moisture preferring hepatics across New Zealand, Australia, Antarctica 

and southern South America. He has consistently argued (Schuster 1979) that the 

dispersal of southern hemisphere hepatics can be visualized as resulting primarily 

from short·range or "step-wise" dispersal before the final disassembly of the 

presently fragmented Gondwanaland. The uplands and mountains of Antarctica were 
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considered the centre of origin or diversification of many cool-adapted hepatics. The 

northward shifting of the Aus.tralian plate into a dry and warmer climate caused 

extensive extinction of these ancient hepatics and those once existing on Antarctica 

became extinct after the glaciations and associated cooling of that continent. During 

the breakup of Gondwanaland further speciation took place as a result of the genetic 

barriers that were created following the isolation of the land masses. 

The spores of many of these hepatic taxa are small and highly resistant, ideal for long 

range dispersal. However, Schuster (1979) concludes that the high preponderance of 

unisexual spores (e.g. in the large family Jungennanniaceae 85%) would not result in 

either the successful establishment of new conununities or allow for the high 

occurrence of endemism at the generic level to evolve especially as found in New 

Zealand. 

Alternatively Van Zanten (1978) conducted germination experiments to test the 

viability of moss spores (mainly New Zealand species) under conditions which 

would be experienced during long-range dispersal i.e. carried at high altitude air 
currents over distances greater than 2000 km. The results are not completely 

conclusive but do provide support in some instances to the hypothesis that spores less 

than 25�m in diameter could survive such treatments that would be experienced in 

westerly air currents that prevail at high altitude. Schuster (1979) does accept that 

long range dispersal could account for the spread of pioneer or 'weedy' species, for 

example Marchant ia berteroana , that colonize inhospitable areas where competition is 

minimal. Also it seeInS the only reasonable conclusion for the occurrence of bipolar 

disjunctive mosses is to assume a remarkably long distance dispersal from the 

northern hemisphere populations and that this probably has occurred during or 

following the Pleistocene glaciations (Schofield 1974). 

It seems that the establishment of southern hemisphere hepatics, and probably 

bryophytes in general, has probably originated through transantarctic dispersal before 

the Tertiary, during continental rifting after me breakup of Gondwanaland and more 

recent long-distance dispersal (Schuster 1979). 
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CHAPTER 2 
Biological characteristics of Bryophytes 

Bryophytes are generally small plants and even though they are a major contributor to 

the Tasmanian flora, they are also small in numbers in a worldwide context. Schuster 

(1984) has estimated that there are 6500 - 7000 taxa of hepatics, while Crosby (1980) 

has conservatively estimated 9000 species of mosses. Irrespective of their small size 

and number they do occupy a wide range of habitats especially part of that vegetation 

in the temperate regions of northern and southern latirudes and the tropics (Schofield 

1985). Their success as a group of land plants can be measured by the fact that they 

can inhabit regions which have proved inhospitable to other groups, in particular the 

vascular flora. Vast areas of the arctic tundra are covered with bryophytes while 

regions that once supported a vascular flora (eg. Antarctica) now possess bryophytes 

(and lichens) as the major vegetation cover. 

Bryophytes, although essentially autotrophic land plants, possess a number of 

biological characteristics which in general influence their ecology and enable them to 

occupy a variety of specialized habitats. 

2.1 Alternation of Generations 

Bryophytes, with few exceptions, display a well-defined life history pattern in which 

meiosis and syngamy control the alternation of heteromorphic generations. It is a 

sporic alternation i.e: a multicellular haploid gametophyte alternates with a 

multicellular diploid sporophyte. In contrast with other autotrophic land plants it is the 

gametophyte of bryophytes which is the dominant phase and is the generation which 

is always present and therefore reflects the environmental conditions that prevail. 

Alternative pathways to this typical life cycle have been rarely exhibited 10 

bryophytes. To date there is only one reported instance of apogamy occurring 

naturally whle there have been several discoveries of apospory in mosses with fewer 

. instances in hepatics (Chopra and Kumra 1988). 

One of the notable consequences of this life cycle is that the garnetophyte is the 

generation directly exposed to environmental selection, unlike the short-lived 

sporophyte which is partially shielded from environmental stress as a result of its 

dependence on the maternal gametophyte. The dominance of the haploid condition 

means that any changes to genetic makeup are immediately exposed to environmental 

selection. The overall effect of this feature on the evolutionary ecology of bryophytes 

is profound. There is little chance for adaptation and ultimately over time the 
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bryophytes have achieved relatively slow evolutionary rates. As an ancient group, 

they have remained unchanged in their structure and function over long periods, as 

well as the habitats that [hey occupy. 

2.2 Lignin 

It is generally accepted that the sporophyte and gametophyte possess no lignified 

tissue. Siegel (1969) detected less than 10% lignin content in the stem of the large 

New Zealand moss genera, Dawsonia and Dendroligolrichum, but this seems to be 
the only report of traces of lignin material in bryophytes. 

The lack of lignified supportive or woody tissue poses two important restriclions on 

bryophytes. Firstly it limits the size they can attain and therefore they are small in 

stature, which necessitates that they generally occupy microhabitats eg: rocks 

(epilithic), fallen logs and branches (epixylic), bark of trees (epiphytic) and hanging 

from trunks and branches (pendulous epiphyte). The second effect in the absence of 

lignin is the lack of specialized internal conducting tissue. For the majority of 

bryophytes there is a reliance on an effective external conduction or they grow in 

places with abundant humidity so the gametophyte tissue can absorb water from all 

over the surface. There is a group of mosses (polytrichales) and hepatics 

(Metzgeriales) which do possess an elaborate internal differentiation of cells for 

conduction (Hebant 1977). In form and function these internal water conducting 

strands (hydro ids) are analagous to the tracheary elements of vascular plants, but 

differ in that they lack the lignified secondary walls. 

2.3 Reproduction 

The "Hoffmeisterian" life cycle of bryophytes determines that the fusion of gametes 

(syngamy) takes place in the gametophyte generation while meiosis leading to spore 

dispersal occurs in the sporophyte. This situation has led to a more or less 

paradoxical set of compromises in the reproductive biology of bryophytes. 

2.3.1 Sexual reproduction 

The sex organs in bryophytes are borne on specialized gametophyte branches and 

may be arranged either in a variety of monoicous conditions or dioicous (Anderson 

1980). A recen( survey of species in various floras does support the long held view 

that just over 50% of the mosses and about 60% of the hepatics are dioicious (Wyatt 

and Anderson 1984). Irrespective of the condition movement of  the male gamete in 

bryophytes is totally dependent on free liquid water where the flagellated antherozoid 

swims to the female non-motile egg to accomplish fertilization. The distance achieved 

by gamete dispersal in bryophytes has not been fully investigated, but Anderson 
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(1980) considers distances of no more than 6cm, which may be increased in those 

species that possess a splash-cup mechanism. 

The limited dispersal of gametes coupled with the reliance on an aquatic film places 

great restriction on the speciation and the ecological limits which bryophytes can 

achieve. Alternative reproduction strategies or other characteristics of bryophytes may 

circumvent this difficulty but at the detriment of promoting outbreeding. 

2.3.2 Spore dispersal 

The mechanisms of spore discharge are reasonably well known and have been clearly 

documented by Ingold (1965). To accomplish spore discharge it is generally 

necessary to have dry air environment (unlike gamete transfer). These are mostly 

based on hygroscopic movements of specialized tissues of the capsule (sporangium). 

The least known aspect of reproduction in bryophytes is spore dispersal. 

It is generally agreed that spores, at least of some moss species, are able to travel long 

distances by wind, since the spores are small in size (6-40)lm in diameter). The 

crucial issue is whether they can survive the hazards of long range transport and if so 

can they arrive in sufficient numbers (in the case of dioicious taxa) to establish in a 

suitable habitat (Van Zanten 1978)? Although there have been only few preliminary 

investigations, germination experiments have been carried out to study the resistance 

of the spores to wet-freezing, desiccation and dry-freezing. There was good 

correlation between the germination rates and the geographic area occupied by the 

species. Species with restricted distributions were found to be less resistant to 
desiccation and freezing than species with wider distributions, and Van Zanten 

considered that temperate moss species have good possibilities for an effective long­

distance dispersal, via dry air streams either at relatively low altitudes or at high 

altitudes. Further experimentation is required to assess other factors, for example 

ultra-violet radiation, before definite conclusions can be made. 

2.3.3 Asexual reproduction 

The sexual cycle of bryophytes is very dependent upon free water and so vulnerable 

to the variable weather conditions during the critical phases. The ability of bryophytes 

to propagate asexually in a variety of ways has enabled them to circumvent some of 

the difficulties that the sexual cycle poses. 

Asexual reproduction can be achieved in one of three ways (Watson 1978); 

(a) by means of specialized units of propagation tenned gemmae, propagules, bulbils 

etc., 
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(b) fragmentation, where there is separation of parts or whole organs of the plant, and 

regeneration of new plants from them, 

(c) by growth and branching. followed by the death and decay of older parts. 

Bryophytes rely heavily on asexual reproduction for propagation and dispersal and 

although this is highly effective as erum ( 1972) points out "they have paid in genetic 

unifonnity and slow speciation." Bryophytes have a remarkable ability to regenerate 

entire plants from tiny fragments or even undivided cells of the gametophyte. This is 

totipOlency and imparts to the plant the capacity to maintain vegetative persistence and 

spread in extreme habitats where other forms of reproduction, especially sexual. are 

not possible. It would seem that no other group of plants, other than bryophytes. 

have achieved this degree of totipotency without difficulty and without special 

conditions. 

2.4 Poikilohydry and desiccation�tolerance 

This characteristic is one of the most critical adaptations attained by bryophytes. The 

capacity to withsland long periods of extreme desiccation without dying, and to 

regenerate and resume metabolism and growth when favourable conditions return has 

imparted to many bryophytes the ability to grow on extreme substrates (rock or bark) 

eg: Tortula papillosa (Fig 3.1). 

Anderson (1980) has proposed that for this adaptation to be possible. bryophytes 

evolved very early in their evolutionary history a special type of protoplasm which 

can remain alive for long periods without water even under conditions of high 

temperature. There are some bryophytes which are very sensitive to desiccation, but 

many will tolerate long periods of drying out to a water content of 10% or less of 

their dry weight (Proctor 1984). If a desiccation-tolerant species is re-moistened (with 

dew, mist or rain) respiration resumes immediately while photosynthesis recovers 

more slowly but bOlh processes return to normal over a period from 12-24 hours. 

(Dilks and ProclOr 1979). The degree of tolerance to desiccation varies from species 

to species, and is largely influenced by the previous conditions to which the plant was 

exposed. 

The effects of desiccation on the cellular and ultrastructural features of bryophytes has 

received little investigation. Tucker el at. (1975) noted that dehydration of the 

poik.ilohydric moss, Tortula ruralis, causes condensation of the protoplasm, rounding 

and compacting of the chloroplasts, and vesicle disappearance. lnunediately upon 

rehydration the chloroplasts and mitochondria swell and their internal membrane 
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Fig. 2.1. Tortula papillosa, a poikilohydric epiphytic moss in (A) desiccated 

condition and (B) imbibed condition. Scale bar lOmm. 
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structures are rearranged, and after 24 hours of rehydration the cell ultrastructure was 

very similar to the normal hydrated moss. Their results support earlier conclusions 

that the ability [0 withstand desiccation lies in the ability of the protoplasm to return to 

normal hydrated condition. In contrast, smdies on Barbula torquata, a species of 

coastal sand dunes, revealed that the membranes of the mitochondria, nucleus and 

chloroplasts remained intact for short periods of desiccation and there was no 

condensation of the protoplasm (Moore et af. 1982). Prolonged desiccation resulted 

in the disappearance of chloroplast and mitochondrial membranes. This investigation 

noted the distinct development of several wall layers in the dry state which may be 
pertinent to survival of the cell organelles. 

There is insufficient ultrastructural work to make positive conclusions regarding the 

response of bryophytes to desiccation. Oliver and Bewley (1984) reviewed the 

responses to desiccation for at least the mosses. They suggest the possibility that 

some species possess a mechanism to repair membrane damage inflicted as a result of 

water loss, while other species may be able to avoid damage due to their resistance to 

mechanical stresses, as well as possession of adaptable or "elastic" cytoplasmic 

components. Irrespective of the mechanisms involved, the critical features of 

desiccation-tolerance are the abilities (a) to limit damage during desiccation to a 

reparable level; (b) to maintain physiological integrity in the dry state so that 

metabolism can be reactivated quickly upon rehydration; and (c) to put repair 

mechanisms into effect upon rehydration, in particular to retain or regain integrity of 

membranes and membrane-bound organelles. 
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CHAPTER 3 
General methods used in the study of epiphytic bryophytes 

3.1 Identification 

All taxa reported in this research have been collected and detennined by the author. 

Identification has been based on verified herbarium collections and/or pertinent 

literature. Where there has been any uncertainty in the identity of the species, then 

identity is not given. This was usually the situation where the material was 

depauperate or lacked adequate femures for identification. 

Voucher material for all species is located in the author' 5 private herbarium at the 

School of Plant Science. 

3.2 Light Microscope 

Gross shoot and leaf morphology was examined using a Wild M5 dissecting 

microscope. Surface features of leaves were examined in the mid-leaf region. 

Sections of leaves were prepared in the following manner: 

[a] Fresh shoots were rinsed in distilled water 

[b] A small portion of the shoot was embedded in Carbowax (Polyethylene Glycol 

Compound Mol. Wt. 15,000-20,000). This was achieved by melting flakes of 

Carbowax in a plastic capsule immersed in a water bath at 65QC. 

[c] The solidified block of Carbowax was crimmed and then placed on an HM 340E 

Microm rotary microtome, and sections cut with a glass knife to a thickness of 3um. 

[d] Sections were mounted in a dilute toluidine blue solution for examination through 

the microscope. 

Photographs of leaves and sections were taken through a Wild M20 compound 

microscope with a Photoautomat attachment. 

3.3 Scanning Electron Microscopy 

Small portions of ShOOlS, whole leaves and leaf parts were treated m one of the 

following procedures for scanning electron microscopic examination. 

3 . 3 . 1  

[a] Fresh material washed in distilled water 

[bJ Fixation with 2% Osmium tetroxide vapour for one hour 

[c] Dehydration with acetone in a concentration series - 10, 30, 50, 70, 90, 100%, 

dry acetone - with two rinses for each step. 
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[d] Immersion in 100% Hexamethyldisilazane (HMOS) for 30 minutes with two 

changes. 

[e] Mounted onto aluminium stubs using double-sided sticky tape. 

[f] Air dried overnight under vacuum in a freeze dryer. 

[g] Sputter coated with gold 

[h] observed in either a Philips 505 Scanning Electron Microscope or under Hivac in 
an ESEM Electro Scan 2020. 

3 . 3 . 2  

[a] Fresh material washed in distilled water 

[b] Sample placed onto ESEM aluminium stub using double-sided carbon tape 

[c] Observed under wet mode (cold stage) using an ESEM Electro Scan 2020 

operated at I S-20Kv at a pressure of 6-ST. 

The Philips 505 and the ESEM Electro Scan 2020 are housed in the Central Science 

Laboratory at the University of Tasmania. 

26 



CHAPTER 4 
Ecology of Epiphytic Bryophytes 

4.1 Introduction 

Taxonomic studies have long dominated bryological research both worldwide and 

locally in Australia. Although bryophytes are a relatively small division of plants, 

they have stimulated considerable interest in ecological studies second to that of 

taxonomy. This is largely because of the variety of habitats that they occupy and in 

some instances the dominance of taxa in particular habilats e.g. Sphagnum. There has 

been considerably more work done of a phytosociological nature (Barkman 1958), 

but there is a trend to a more experimental approach e.g. ecology of sand dune 

mosses (Moore & Seen 1979), bryophyte recolonisation following fue (Duncan & 

Dalton 1981) and ecology of limestone bryophytes (Downing 1992). 

Tasmania is only a small island of approximately 68,000 sq krns, but possesses a 

diverse geology and topography with a marked west-east gradient in climate. The 

vegetation is correspondingly diverse and although there are a few climax vegetation 

types, it is largely a mosaic of several disclimax vegetations (Jackson 1965). These 

vegetation types include, cool temperate rainforest, alpine, dry and wet sclerophyll 

foreslS, moorland and sedgeland, coastal heatWand, wetland and large tracts of 

cleared land for primary production. 

The range of habitats available to bryophytes in this array of vegetation are soil, logs, 

rocks and bark. They have been termed respectively terrestrial, epixylic, epilithic or 

saxicolous and epiphytic or corticolous (Cain & Sharp 1938). In the strict sense, 

epiphytic or corticolous species are those growing on the bark of living trees and 

shrubs, although some authors do include species growing on soil or detritus 

overlying the bark. This latter, more liberal interpretation, does pose difficulties for 

comparative studies. Epiphytic bryophytes may be obligate i.e. confined to the bark 

of living trees and not (or very rarely found) on other substrates, or facultative 

epiphytes which regularly occur on more than one substrate (Smith 1982). 

The host tree or phorophyte which provides an important habitat for bryophytes has 

been emphasised by a number of studies in the northern hemisphere. Mazimpaka and 

Lara (1995) identified 52 corticolous bryophytes on Quercus pyrenaica from 

Mediterranean deciduous woodlands in central Spain. Slack (1976) examined the 

bryophytic epiphytes on three angiospenns (Acer saccharum, Fagus grandifolium 

and Betula alleghaniensis) and one conifer (Tsuga caruuiensis) in eastern North 

America and recorded 26 mosses and 9 hepatics. Similarly thirty-six bryophytes were 
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found on the trunk and branches of three tree species (Picea sitchensis, Thuja plicata 

and Tsuga heterophylla) in coastal forests of the Queen Charlotte Islands in northwest 

British Columbia. In contrast only 14 bryophyte species were recorded from the 

trunk of three coniferous tree species (Pseudostuga menziesii, Tsuga helerophylla and 

Thuja plicata ) in a wet temperate forest in southern coastal British Columbia (Kenkel 

and Bradfield 1981). Individual trees have received particular attention and as an 

example, nineteen epiphytic bryophytes (13 mosses and 6 liverworts) were reported 

from canopy branches in old Douglas-Fir forest in western Oregon (Sillett 1995). 

Studies in the southern hemisphere have been limited. Ashton and McRae (1970) 

presemed a preliminary study of epiphytes on Norhofagus cunninghamii at Mt. 

Donna Buang, Victoria and listed up £0 20 bryophytes from all regions (ie. trunk to 

crown) on the tree. Corticolous communities were included in a more broad range 

study of the ecology of bryophytic communities in mature Eucalyptus regnans forest 

at the Wallaby Creek area in Victoria (Ashton 1986). Scon (1970) recorded 15 

mosses and 34 hepatics as epiphytes on the trunk of Nothofagus menziesii when 

undertaking vegetation srudies in Fiordland, New Zealand. In more wann temperate 

forest in New Zealand, Beever (1984) reported that the tree fern trunk, Cyathea 

medullaris, can support up to 32 species of moss and a similar number can occur on 

the trunk of the forest palm Rhopalostylis sapida. In contrast the study of epiphytes 

on a single conifer (Dacrycarpus dacrydioides) in coastal podocarp rain forest in 

southern New Zealand revealed a large number of vascular epiphytes but only five 

mosses and six liverworts (Dickinson el af. 1993). 

4.2 Aims of study 

The work presented here was to investigate epiphytic bryophytes in rainforest 

conununities. The aim of the study was to determine: 

[a] the composition of epiphytic species on the trunk of the dominant rainforest 

species in Tasmania, 

[b] the relative importance of the host as a resource for the epiphytic flora, and 

[c] to evaluate whether the epiphytic flora can be used. an indicator of the type of 

vegetation stucture. 

4.3 The Host 

In srudying the epiphytic flora there are usually recognised four well�marked regions 

on the host tree or phorophyte (Smith 1982). 

[a] The tree base which covers the buttress of the tree (up to one metre above ground 

level) and the interface with the soil. 

[b] The trunk which usually covers the vertical zone of the tree from one metre up to 

three metres above the ground level. 
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[c] The large crown boughs or branches. 

(d] The small crown twigs or branches. 

The study of the whole tree does present difficulties which may be overcome either 

by the examination of fallen trees or by using climbing techniques. In this study 

neither of those options were possible and the investigation was therefore confined to 
a study of the trunk epiphytes. This approach has been adopted by many previous 

studies where 2-3m of the trunk has been studied to determine epiphytic bryophytes 

(Iwatsuki 1960, Scott 1970, Scott and Armstrong 1966, Slack 1976, Kenkel and 

Bradfield 1981, Beever 1984 , Schmitt and Slack 1990). 

The trunk of two host trees, Notho/agus cunninghamii (hardwood) and Athrotaxis 

selaginoideslA.laxifolia (softwood) were chosen for the study. These taxa are 

considered important canopy species in the myrtle-beech alliance of cool temperate 

rainforest of Tasmania (Fig 4.1),  and may be found together throughout 

callidendrous, thamnic or implicate rainforest communities (Jarman et al. 1984). The 

impetus for studying epiphytes on these host trees is that while vascular plants 

comprise the greatest proportion of biomass in rainforests, the greatest diversity 

occurs amongst the cryptogams. In a floristic study of rainforest in Tasmania, Jarman 

et at. (1991) have recorded 50 moss species and 118 hepatic species as occurring 

throughout rainforest communities, but there has been no attempt to evaluate how 

these bryophytes are distributed within the rainforest corrununicy. 

NOlhofa�us cunnin�hamii 

Nothofagus is an Angiosperm genus which lJelongs to the Nothofagaceae, the 

southern beeches, which comprise about 35 extant species, and occupy habitats from 

lowland to subalpine forest in the moist temperate regions of Australia, New Zealand, 

South America, New Caledonia and New Guinea (Veblen et at. 1996). 

In Tasmania there are two species, the evergreen N. cunninghamii, and the deciduous 

N. gunnii. In ideal situations e.g. on fertile soils derived from basalt and dolerite 

which support callidendrous rainforest, N. cunninghamii can attain a height of 40 

metres or more with a ,
' 
diameter' at chest height of 1.5 - 2 metres (Curtis 1967). The 

bark on the trunk of such an aged tree is strongly furrowed and fissured. There has 

been no chemical analysis of the bark but the presence of phenolic compounds and 

possibly tannins and triterpenes could be expected, based on studies of extracts from 

Nothofagus in New Zealand (Hillis and Orman 1962). 

Athrotaxis selaginoideslA. laxifolia 

Athrotaxis is an endemic gyrrrnosperm genus which belongs to the conifer family, 

Taxodiaceae, and there are three species currently recognised in Tasmania, A. 
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Fig 4.1. Distribution of cool temperate rainforest in Tasmania (after Kirkpatrick and 

Dickinson 1984) 
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cupressoides, A. selaginoides and A. laxifolia (Curtis and Morris 1975), although the 

status of A. laxifolia as a hybrid is still debated. 

A. selaginoides is widely distributed in the western half of Tasmania, from sea-level 

to an altitude of 1200 metres, where it is largely concentrated in thamnic and implicate 

rainforest communities (Cullen and Kirkpatrick 1988). In good sites it can reach a 

height of 25 metres and in such maUlre trees "the bark is slightly furrowed and 

fibrous, but not very rough" (Baker and Smith 1910). When compared to the bark of 

the hardwood, N. cunninghamii, it could be described as smooth. There is no 

chemical data available for the bark of A. selaginoides, but it could be assumed that 

there would be resinous substances in this outer tissue region. 

Where A. selaginoides and A. cupressoides occur in close proximity, then A .  

laxifolia may be found. At one such site, Mt. Read, it occurred amongst A .  

selaginoides and since it possesses identical bark characteristics it was included in the 

study. 

4.4 Study sites 

The sampling of epiphytes on the trunk of the host trees was carried out within a 

broad geographic and altitudinal range in the west and northwest of Tasmania where 

the most extensive occurrence of rainforest is found (Kirkpatrick and Dickinson 

1984). Young regenerating and disturbed rainforest were excluded so that only 

mature trees could be sampled at the various sites. 

There were 12 sampling sites studied to estimate the epiphytic bryoflora on the trunk 

of N. cunninghamii and these are given in Table 4.1. There were three sampling sites 

studied for A. selaginoidesJA. taxifolia and similar information is given for these 

host trees in Table 4.2. The distribution for all these sampling sites is provided in Fig 

4.2. 
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Table 4.1. 

The sites sampled to determine the epiphytic bryophytes on N. cunninghamii . 

Site Altitude(m) No. of A v. diameter of 

trees host rree(em) 

sampled 

Ml. Read 880 7 65 

Ballroom Forest, Cradle Mt. N.P. 960 4 95 

�l. l\rrovvsnnith 750 2 80 

Franklin R .• Lyell Highway 400 I 67 

Teepookana Forest 5 I 65 

Pipeline Road, Savage R. 435 2 80 

Sir John Falls, Gordon R. 40 3 68 

Little Rapid River 400 4 125 

River Lea 720 6 55 

Weindorfer's Forest, Cradle Mt. 940 2 63 

N.P. 

Sumac Road 160 2 80 

Anthony Road, Mt. Murchinson 560 3 80 

Table 4.2. 

Sites sampled to determine the epiphytic bryophytes on A. seiagilloides and A. 

laxlfolia (in brackets). 

Site Altitude(m) No. of A v. diameter of 

trees host (em) 

sampled 

Ml. Read 880 6(2) 47(60) 

Ballroom Forest, Cradle Mt. N.P. 960 5 55 

Weindorfer's Forest, Cradle Mt 940 2 48 

N.P. 
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4.5. Results 

The bryophyte species were recorded for their presence or absence according to the 

following scale. 

Present (+): prominent or plentiful; does not imply that it is a pnmary coloniser, 

although in some cases this may be so. 

Present (0): small or sparse; again does not indicate that it is a secondary coloniser or 

a late successional species, but in some instances this could be the situation. 

Absent (-): absent from the trunk of the tree up to 3m above ground level. 

There was a total of 61 bryophyte species recorded from the two phorophytes 

growing epiphytically on the trunk from the interface of the buttress with the soil up 

to 3m above the ground level. These epiphytic bryophytes are listed in a taxonomic 

arrangement in Appendix 1 .  This number represents almost 10% of the recognized 

bryoflora for Tasmania and 36% of the total number of species which have been 

recorded as occurring in rainforest communities. The larger component is represented 

by the hepatics with 42 species which belong to 29 genera within 1 5  families, and all 
but two species are leafy. There were only 1 9  species of moss recorded as epiphytes 

which belong to 16 genera within 1 1  families. The largest number of taxa of hepatics 

was found in the family Lepidoziaceae (9 taxa), Geocalycaceae (7 taxa) and the 

Plagiochilaceae (5 taxa). In the mosses the greatest abundance of taxa was in the 

family Dicranaceae (6 taxa). The distribution oftms number ofbryophytes on the two 

host tees under investigation is given in Table 4.3. Norhofagus cunninghamii had the 

greatest number of bryophytes as epiphytes on the trunk. There were at least twice as 

many hepatics and six times as many mosses compared to the number of epiphytes on 

the trunk of Arhrolaxis selaginoides (A. laxifolia). 

Table 4.3. 

The number of bryophytes recorded from the trunk of host trees Norhofagus 

cunninghamii (N.c.), Alhrolaxis selaginoideslA. laxifolia (A.s.lA.l.) 

N. c. A.s'/A.1. no. of species 

common 

No. of individual phorophytes sampled 39 13(2) 

Total moss species recorded 19 3 3 

Total hepatic species recorded 36 1 8  12  

Total bryophyte species recorded 55 21  1 5  
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4.5.1 Corticolous bryophytes on Nothofagus cunninghamii 

Thirty-seven trees were sampled throughout the study sites and a total of 55 

bryophytes were recorded on the bark of this hardwood species. The frequency of 

occurrence of these epiphytic bryophyres is given in Table 4.4. The ratio of hepatics 

to mosses was almost 2:1, with 36 hepatic species and 19 moss species. The 

variation in distribution of moss and hepatic species on the 39 trees sampled is given 

in Fig 4.3. Every tree sampled supported hepatic epiphytes, the greatest number (11)  

was found on one tree. This was not the case with moss epiphytes. with one tree 
supporting no species while the greatest number of epiphytes (7) was found on one 

tree. 

The mosses which occurred with the greatest frequency on the trunk of Nothofagus 

cunninghamii were; Hypnum chrysogasrer, Dicranoloma menzies ii, Wijkia extenuata, 

Lepcotheca gaudichaudii. Dicranoloma robusrum var. selOsum and Rhizogonium 

novae·hollandiae. The most frequently occurring hepatics were; Bazzania involura, 

Gackstroemia weindorferi, Acrochila biserialis, Paraschistochila tuloides, Lepidozia 

ulothrix and Leptoscyphus expallSus. 

4.5.2 Corticolous bryophytes on Athrotaxis selagilloideslA. taxi/olia. 
lbirteen trees of Athrotaxis selaginoides and two trees of A. [axifolia were sampled 

throughout the study sites. A total of 21  bryophytes were recorded on the trunk of 

these softwood species. which are given in Table 4.5. On this phorophyte the ratio of 

hepatic to moss was 6:1 ,  with 18  hepatic species and only three moss species. All 
these mosses and 12 of the hepatic species were also found on Notho/agus 

cunninghamii. 

The variation in distribution of moss and hepatic species on the 15  trees sampled is 

given in Fig 4.3. Every tree sampled supported at least one hepatic epiphyte, the 
greatest number (10) occurred on only one tree. Moss epiphytes were rare on this 

phorophyte with five trees supporting no species and only a single species on the 

remaining 16 trees. The only moss which was frequently found on the trunk of 

Athrotaxis was Rhizogonium novae-hol/andiae. The hepatics which occurred with 

the greatest frequency were; Bazzania involuta, Lepidozia ulothrix, Acromastigum 

mooreanum, Heteroscyphus cymbaliferus, Plagiochila circinalis, Bazzania 

monilinervis, Acromastigum sp. and Lepidozia sp. 
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Table 4.4. 

The frequency of epiphytic bryophytes on the trunk of Nothofagus cunninghamii 

arranged in descending order of % occurrence. 

Moss species Present Present % occurrence 

+ 0 

Hypnum chrysogaster 10 I I  53.8 

Dicranoloma menziesii 19 I 5 1 .3 

Wijkia excenuata 7 8 38.5 

Leptotheca Raudichaudii 9 4 33.3 

Dicranoloma robustum var. setosum 6 4 25.6 

Rhizogonium novae-hollandiae 5 5 25.6 

Leucobryum candidum 6 2 20.5 

Dicranum lric/wpodum 5 I 15.4 

LeptoslOmum inclinans 3 I 10.3 

Papillan"a Jlavolimbata I 3 10.3 

Dicrwwioma billardierei 3 0 7.7 

Dicranoloma robustum 2 0 5 . 1  

Cyathophorum bulbosum I I 5 . 1  

Ptychomnion aciculare 0 2 5 . 1  

Sematophylium sp. 0 2 5 . 1  

Holomitrium penchaetiale I 0 2.6 

Zygodon intermedius I 0 2.6 

[sopteryRium limatum I 0 2.6 

Glypothecium sciuroides 0 I 2.6 

Hepatic species 

Bazzania involuta 32 I 84.6 

Gackstroemia weindoiferi 10 10 5 1.3 

Acrochila biserialis 12 I 33.3 

ParaschislOchila tuloides 6 5 28.2 

Bazzania monilinervis 8 2 25 .6 

Lepidozia ulothrix 7 2 23.1 

Leptoscyphus expansus 3 5 20.5 

Paraschistochila pinnatijoiia 7 0 17.9 

Marsupidium surculosum 6 0 15.4 

Lepicolea scolopendra 5 I 15.4 

Radula compacta 4 I 12.8  
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Lepidozia sp. 2 3 12.8 

Chiloscyphus echinellus 2 3 12.8 

Acrobolblls cinerascel1s 4 0 10.3 

Herber/us oldfieldianus 3 1 10.3 

Plagiochila circinalis 3 I 10.3 

Plagiochila strombifolia 3 1 10.3 

Fntllania rostrata 2 1 7.7 

Cuspidatula mOl1odol1 2 I 7.7 

Metzgeria decipiens 2 I 7.7 

Psilocladia clandestina 2 0 5 . 1  

Tylimantus diversifolius I 1 5 . 1  

Plagiochila incurvicolla 0 2 5 . 1  

Drepanolejeunea aucklandica 0 2 5 . 1  

Lejeuneaceae sp. 0 2 5 . 1  

Heteroscyphus billardierei 1 0 2.6 

Heteroscyphus cymbal�fera I 0 2.6 

Chandonanthus squarrosus I 0 2.6 

Adelanthus bisetulus I 0 2.6 

Plagiochila fasciculata I 0 2.6 

Radula tasmanica I 0 2.6 

Telaranea sp. I 0 2.6 

Radula multiamentula 0 1 2.6 

Lepidolaena brachyclada 0 1 2.6 

Zoopsis argentea 0 1 2.6 

Riccardia sp. 0 I 2.6 
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Table 4.5. 

The frequency of epiphytic bryophytes on the trunk of Athrotaxis selaginoidesiA. 

laxifolia, arranged in descending order of % occurrence. 

Moss species Present Present % ocurrcnce 

+ 0 

Rhizogonium novae-hollandiae 7 I 53.3 

Dicranoloma billardierei I 0 6.7 

Hypnum chrysogaster 0 I 6.7 

Hepatic species 

Bazzania involuta 9 I 66.7 

Lepidozia ulothrix 5 0 33.3 

Acromasrigum mooreanum 5 0 33.3 

AcromastiJ?um sp. 4 1 33.3 

Heteroscyphus cymbaliferus 3 2 33.3 

Plagiochila circinalis 3 1 26.7 

Lepidozia sp. 2 2 26.7 

Bazzania monlinervis 1 3 26.7 

Schislochila pseudociliata 3 0 20 

Radula comf)Qcta 0 2 13.3 

Gackstroemia weindorferi I 0 6.7 

Heteroscyphus conjugatus 1 0 6.7 

Riccardia sp. 1 0 6.7 

Ciasmatocolea notophylla 1 0 6.7 

Herhertus oldfieldianus 1 0 6.7 

Acrochila biserialis 1 0 6.7 

Clasmatocolea verrucosa 0 1 6.7 

Leptosyphus expansus 0 1 6.7 
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4.5.3 Key Taxa 

The bryophyte species which had a frequency of occurrence of 25% or more on either 

phorophyte are arbitrarily considered to be key epiphyte species. For the mosses they 

included; Dicranoloma mem.iesii, Hypnum chrysogaster. Wijkia extenuata, 

LeplOrileca gaudichaudii. Rhizogonium novae-hollandiae and Dicranoloma robuslLlm 

var. selosum. For the bepatics (hey included; Ba72llnia lnvaluta, Gackstroemia 

weindoiferi. Acrochila biserialis. Bazzania monilinervis, Lepidozia ulothrix, 

Lepidozia sp., ParaschislOchi/a lu/aides, Acromasligum mooreanum, Acromasligum 

sp., Heteroscyphus cymbaliferus and Plagiochila circinalis . All the above moss 

species are found on similar substrate in New Zealand and south-eastern mainland 

Australia. The above hepatic species are found on similar substrate in New Zealand 

but in Australia, P. tuloides, A. mooreanum and H. cymbaliferus are confined to 

Tasmania. 

The following descriptions provide the diagnostic features to allow the identification 

of the key moss and hepatic epiphytes that occur on N. cunninghamii and Athrotaxis, 

as well as their distinguishing characters from related species. It is not intended to be 
a taxonomic account for each species since that is already available in the published 

literature. 

Dicranoloma menziesii (TayL) Par. 

This species is one of the more distinctive for the genus. As an epiphyte jt forms 

loose, open dark-green cushions. The leaves are very long and slender and it may be 
distinguished vegetatively from other species in the genus by the more or less 

isodiametric cells in the upper part of the lamina (Fig 4.6). When fruiting there is a 

short seta and the capsules are therefore overtopped by the leaves. 

It is mainly confined to the basal region of the trunk and in the sites sampled was only 

found on Nothofagus cunninghamii. 

Dicranoloma robustum (Hook. f. & Wils.) Par. var. setosum 

This taxon is a yellow-brown colour and is readily distinguished from the preceeding 

species by the fragile leaves, which have the upper part broken off to give the cushion 

a neat spiky appearance. If this feature is not apparent tben the lamina cells are thick­

walled, porose and elongate (Fig. 4.6) thereby providing a marked difference to the 

former species. 

This taxon is found higher up the trunk of Nothofagus cunninghamii to which it was 

confined throughout the sites sampled. 
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Fig. 4.6. The cells from the lamina region of (A) Dicranoloma menziesii and (B) 

Dicranoloma robustum var. seCOsum. Scale bar 50llm. 
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Hypnui/l chrysogaster C. Muel!. 

This is one of the more distinctive species of a taxonomically difficult genus. The pale 

shoots are loosely interwoven (weft) and are commonly pinnately branched with the 

leaves curved downwards towards the substrate. It is distinguished from the more 

common H. cupressi/onne in that the alar region is not extensive and there is a band 

of orange coloured cells at the leaf base with its insenion to the stem. 

The species is prominent on the trunk of N. cwminghamii. but rarely on Arhrolaxis. 

It was often found sparsely amongst other epiphytic species. 

Wijkia extenuata (Brid.) Crum 

This moss is characterised by having more or less pinnately branched red stems with 

leaves that at the apex of the shoot fonn a spike-like point. The tip of the leaf 

possesses a fine hair point and there is a conspicuous alar region where the empcy 

cells at the angles are inflated and balloon-like. 

The moss was found only on the trunk of N. cunninghamii where it was often 

interspersed with other species. 

Leptotheca gaudichaudii Schwaegr. 

The shoots of this moss form an open turf on the bark which are loosely held together 

underneath by a rhizoidal tomentum. The leaves possess a strong nerve and in the 

axils of the leaves in the upper part of the shoot usually contain numerous brown 

filamentous gemmae (6-12 or more cells in length). 

Trus species was confined to the trunk of Nothofagus cunninghamii and shows a 

preference for ageing bark tissue. 

Rhizogonium novae-hollandiae (Brid.) Brid. 

The green shoots of this moss possess leaves arranged in two rows (distichous). This 

ranking of leaves readily distinguishes this species from other epiphytic mosses and 

the nerve of the leaf, which is excurrent. provides no confusion with any hepatic 

species. 

This species is not only an epiphyte of N. cunninghamii, but is the only species that 

is found extensively as an epiphyte on the trunk of Alhrotaxis, and even there it is 

confined to the lower basal region. 

To ascertain the habitat preference for these key moss species, which occurred most 

frequently on N. cunllillghamii and A. selaginoides/A. laxifolia, further dara was 

obtained from a herbarium search at the Tasmanian Herbarium (HO) and collections 

from the author's private herbarium. There were limiracions to trus approach due to 

small collections of some species and inadequate habitat data for many collections. 
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Nevertheless substrate preference for the key moss species is presented in Table 4.4 

and a similar exercise for the key hepatics is presented in Table 4.5. The substrates 

were defined as on bark (epiphytic), on ground or soil (terrestrial), on logs or 

decaying trunks and branches (epixylic) and on rocks (epilithic). 

Table 4.4. 

Habitat preference (expressed as %) for key moss species obtained from herbaria data 

Species 

Habitat 

Epiphytic 36. 1 26.75 1 1 .6 3 1 . 1  36 . 1  

Terrestrial 33.3 26.75 20.9 16.4 4.2 

Epixylic 19.5 40 58.2 26.6 55.5 

Eoilithic 1 1 . 1  6.5 9.3 26.6 4.2 

Total herbarium uackets 36 1 5  43 122 72 

Bazzania involuta (Mont.) Trev. 

The Y -branched shoots of this hepatic species which bear numerous minute leaved 

ventral flagella, give a diagnostic growth form to the plant i.e. ascending weft. The 

leaves are incubously overlapping and tri-fid at the apex. Throughout the leaf the cells 

are all alike (Fig. 4.7). 

This is the most frequently occurring bryophyte on the trunk of both hosts. 

Bazzania monilinervis (Lehm. & Lindenb.) Trev. 

This is a smaller species than B. invoLuta and tends to grow in mats i.e. closely 

dorsi ventral to the substrate. It differs diagnostically in that the leaf possesses a vitta 

i.e. there is a band of enlarged cells, 2-4 cells wide, running nearly from the base to 

the leaf apex. Apart from these cells being larger, they are more conspicuous by the 

presence of large hyaline oil bodies, and by pronounced trigones, whereas the other 

leaf cells lack both characteristics (Fig 4.7). 
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B. monilinervis. as in the fonner species, was found occurring as a trunk epiphyte on 

Nothojagus cunninghamii and Jl.throtaxis. 

Acromastigum mooreanum (Steph.) Hodgs. 

The golden-brown shoots of this species grow in a similar fashion to B. involuta i.e. 

Y -shaped branches with numerous ventral flagellifonn branches. The species is 

characterised by having leaves which are bilobed, and have the ventral lobe, only 2 

cells wide, markedly longer than the dorsaL There is a vitta of large cells running 

along the ventral margin and extending into the lobe (Fig 4.7). 

A. mooreanum, as well as an unidentified species of Acromastigum, were found only 

on the trunk of Athrotaxis. 

Gackstroemia weindoiferi (Herz.) Grolle 

This hepatic has pinnately branched shoots which are green with new growth and 

brownish in older parts. The margins of the leaves are toothed and hairy and each leaf 

is characterised by possessing a ventral lobule. This species is one of several lobulate 

hepancs which occur as an epiphyte. It is distinguished by the helmet-shaped lobule 

having a single cilia projecting from near the top. 

G. weindorferi was prominent on N. cunning/zamii, but only occurred as a rare 

epiphyte on Athrotaxis. 

Acrochila biserialis (Lehm. & Lindenb.) Grolle 

The shoots of this species are brownish in colour and resemble the genus Plagiochila. 

It differs from other species in that genus by the leaves which are almost oval in 

outline and usually orientated so as to face each other. The margins are toothed, 

except for the dorsal margin, and are flat and not recurved. It is often found fertile 

with a terminal perianth which is flattened from side to side. 

It was commonly found on the trunk of N. cunning/zamii, but rare on Athrotaxis. 

Lepidozia ulothrix (Schwaegr.) Lindenb. 

The yellow-green pinnate shoots fonn a thick mal on the tree trunk. The ends of the 

lateral branches may taper into flagellar shoots, bUl this was not as conspicuous in the 

epiphytic habit. Like many species in the genus the leaves are quadrifid, but L.  

ulOlhrix is readily distinguished by having teeth on the margin of the leaf. 

It was found as a prominent species on both N. cunninghamii and Athrotaxis where 

it often grew in a mixed community with other hepatic species. 
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Fig. 4.7. (A) lamina cells of Bazzania involuta, (B) lamina cells with prominent 

vitta of B. monilinervis and (C) leaf apex of Acromastigum mooreanunz. Scale bar 
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Paraschistochila tuloides (Hook. f. Tayl.) Schust. 

The flattened shoots of this species, which are rarely branched, are tighdy pressed to 

the bark. There are no uoderleaves and the lateral leaves have a dorsal lobe which 

produces a keel to the leaf. The only other epiphytic species, P. pinnatifolia, is 

golden-green in colour and is distinguished by having stems branched dichotomously 

with the tip of the shoot curved downwards. P. tuloides was found only on the trunk 

of N. cllnninghamii throughout the study sites. 

Heteroscyphus cymbaliferus (Hook. f. Tayl.) Engel & Schust. 

The stems of this species have close imbricate leaves which form compact pale­

yellow clumps. The distinctive character is that the anterior margin of the leaf has a 

saccate lobe and the broad underleaf also possesses a saccate lobe at either end. 

The species was more frequently found on Athrotaxis and rare on N. cunninghamii. 

Plagiochila circinalis (Lehm.) Lehm. & Lindenb. 

The brownish shoots of this species are ascending and commonly curve downwards 

at the tip. The leaves are closely imbricate, almost circular with a few large teeth and 

the ventral margin is somewhat undulate. The leaf cells throughout are very 

distinctive with extremely thick trigonous walls. 

This species was found on the trunk of N. cunninghamii and Athrotaxis. 

Table 4.5. 

Habitat preference (expressed as %) for key hepatic species obtained from herbaria 

data 
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Habitat 

Epiphvtic 32.3 23.3 55.6 50 20.3 100 29.4 64.7 

Terrestrial 19.4 10 5.5 10 13.6 0 29.4 1 1 .8 

Epixylic 4 1 .9 42.2 38.9 35 57.6 0 35.3 0 

Epilithic 6.4 24.5 0 5 8 .5  0 5.9 23.5 

Total herbarium packets 3 1  90 1 8  20 59 23 17  17  

46 



10 
A 

'" 
.'B • u Hepatics 
" 
a. 
'" 0 Mosses 
0 

Z 

N. cunninghcunij A. selaginoides 

Phorophyte 

40 B 

30 

'" 
.'B • u Hep3tics 
" 
a. 20 
'" 0 Mosses 
0 

Z 

10 

o 
N. cunninghamii A. se/aginoides 

Phorophyte 

Fig 4.8. Comparison of lhe number of species of moss and hepatic on the trunk of 

Nothofagus cunninghamii (hardwood) and Athrotaxis selaginoides [inc. A. laxifolia] 

(softwood). (A) callidendrous rainforest, Cradle Mt. N.P. and (B) all sites studied. 
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4.5.4 Comparison of epiphytic bryophytes on hardwood and softwood 

The difference in the number of mosses and hepalics that were found on the bark of 

the trunk region of N. cunninghamii (hardwood) and A. selaginoides/A. laxifolia 

(softwood) were compared at one site, callidendrous rainforest at Cradle Mountain 

National Park, where the two phorophytes grew together as the dominant trees. There 

was a marked difference in the number of epiphytes that were supported by the two 

host trees. The bark of the hardwood clearly had more epiphytes than that of the 

softwood and this was the case for both mosses and hepatics (Fig 4.8). When data 
from all sites are compared, this preference for the N. cunninghamii (hardwood) as a 

substrate for epiphytic bryophytes is maintained (Fig 4.8). 

4.5.5 A comparison of the floristic structure and percentage cover 0 f 

epiphytic bryophytes with a change in vegetation structure. 

A detailed study was undertaken to evaluate the effect on the epiphytic flora with a 

change in structure and composition of rainforest. The sile chosen for this was Mt. 

Read where at similar altitude an area of callidendrous rainforest is adjacent to a 

region of implicate rainforest (Fig 4.9). The callidendrous rainforest is characterised 

by having taU Nothofagus cunninghamii associated with Atherospemza moschatum 

trees which are evenly spread but still form a closed canopy over a shady understory. 

There are few other vascular plants and the ground cover is dominated by ferns and 

cryptogams. In contrast the implicate rainforest community is markedly distinctive in 

that the forest is low, and the canopy more open with a tangled diverse understory of 

vascular plants. The dominant trees are conifers, in particular Athrotaxis selaginoides 

(with the occasional tree of the hybrid, A. laxifolia) and associated with N. 

cunninghamii which occurs less frequently. 

Fig. 4 . 9 .  Callidendrous rainforest community (on the right), adjacent to implicate 

rainforest community (on the left) at Mt. Read, Tasmania. 
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The presence of N. cunninghamij in both forest communities allowed a comparison 

of the epiphytic bryophytes on the same substrate (Le. bark of the same phorophyte) 

but in different rainforest communities. In each rainforest community a SOm x 50m 

quadrat was selected and within the quadrat 5 trees of N. cunninghamii in the 

callidendrous rainforest and 4 trees in the implicate rainforest community were chosen 

for sampling. Percentage cover of the bryophytes was determined by a point 

sampling technique as adopted by John (1992). Each tree was sampled with a series 

of circumferential line transects, every 20cm from the interface of the trunk. with the 

buttress up to a height of 2 metres. The sampling points on each transect were 20cm 

apart and the species of epiphyte present at each point was recorded. 

The percentage bryophyte cover by all species up to a height of 2m on N. 
cunninghamii is given in Fig 4.10. Apart from the basal region of the trunk, the 

bryophyte cover is not markedly different on the trunk of N. cunninghamii in the 
contrasting rainforest communities. An analysis of the bryophyte cover in terms of 

hepatic:moss ratio reveals that the hepatics are the dominant group of bryophytes. 

Furthermore, this trend in the dominance of hepatics as the epiphytic cover on the 

trunk of N. cunninghamii is consistent in both callidendrous and implicate rainforest 

communities (Fig 4. 1 1). 

The difference in the bryophyte cover between the rainforest communities lies in the 
species composition, especially the hepatics. Table 4.6 provides a list of the moss and 

hepatic species that were measured on the trunks of N. cunninghamii. There were 

seven moss species in the callidendrous forest and this was reduced to three in the 

implicate forest. The only common species was Hypnum chrysogaster. Ten hepatic 

species were measured in callidendrous rainforest which increased to 15 on the trunk 

of N. cunninghamii in implicate rainforest. The common species were Bauania 

involuta, Lepidozia ulothrix, Acrochila biserialis, Paraschistochila tilloides and P. 

pinnatifolia. Of these B. involuta would appear to be an jmportant indicator species. 

The percentage cover of this species to the total hepatic cover in both callidendrous 

and implicate rainforest is provided in Fig 4.12. It dominates the hepatic composition 

in callidendrous rainforest and shows a gradual reduction in cover with the height of 

the trunk. In implicate rainforest, B. involuta is a markedly reduced component 

compared to the other hepalic species and tends to only occupy the basal region of the 
trunk of the host tree. IL is replaced by a mixrure of other hepatic 

particular, Heteroscyphus cymbaliferus, Lepicolea scolopendra, 

oldfieldianus and Acrochila biserialis. 
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Table 4.6. 

The species composition on the trunk of N. cunninghamii in callidendrous and 

implicate rainforest at Mt. Read, Tasmania. 

Callidendrous rainforest Implicate rainforest 

Mosses Mosses 

Dicranoloma menziesii Dicranoloma robustum 

Hypmllll chrysogaster Hypnum chrysogaster 

Dicranoloma robustum var. setosum H. cupressiforme 

Leptotheca gaudichaudii 

Wijkia extenuata 

Dicranum trichopodum 

Semacophyllum sp. 

Hepatics Hepatics 

Bazzania invoiuta Bazzania involuta 

Lepidozia ulothrix Lepidozia ulothrix 

Acrochila biserialis Acrochila biserialis 

Paraschistochila nt/aides Paraschistochila lulaides 

P. pinnat�folia P. pinnatifolia 

Bazzania monilinervis Acromastigum sp. 

Chiloscyphus echinellus Chandonanthus squarrosus 

Drepanolejeunea aucklandica Clasmatocolea verrucosa 

Zoopsis argentea Herbertus oid./ieldianus 

Radula sp. Heteroscyphus cymbaliferus 

Lepicolea scolopendra 

Leptoscyphus expansus 

Marsupidium surculosum 

PlaKiochila sp. 

Schistochila pseudociliata 
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Fig. 4 . 1 0 .  The total epiphyte cover with respect to height on the trunk of N. 

cunninghamii; (A) callidendrous rainforest and (B) implicate rainforest, at Mt. Read, 

Tasmania. Each bar represents the percentage of all points in that transect occupied by 

bryophyte species. 
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Fig. 4.11. The ratio of moss 0 and hepatic • cover with respect to height 

on the trunk of N. cUlminghamii in (A) callidendrous rainforest and (B) implicate 

rainforest at Mt. Read. Tasmania 
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other hepatic species • with respect to height on the trunk of N. cunllinghamii in 

(A) caIlidendrous rainforest and (B) implicate rainforest at Mt. Read, Tasmania. 
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4.6 Discussion 

The significance of the epiphytic bryophyte component as a contribUlor to the 

diversity of rainforest is supported by the data presented in (his study. The 

significance of Nothofaglls as a host was indicated in a preliminary study by Ashton 

and McRae ( 1970) who reported up to 20 bryophyte species occurring epiphytically 

throughout a single tree. The maximum number of epiphytes growing on the trunk of 

any one tree in this study was 18 species for N. cunninghamii, and 1 5  species for A .  

selagilloideslA. laxifolia. The total number bryophytes recorded throughout the study 

sires from the trunk of the two host trees was 6 1  species. This is approximately 10% 

of the total Tasmanian bryoflora which is recorded from a particular substrate. No 

analysis has been made of other epiphytic regions of the host nor other phorophytes. 

It is possible that some of the minor rainforest tree species e.g. Pomaderris, 

Acherospenna or Leptospenllum, may harbour an increasing number of epiphytic 

bryophytes. Jarman and Kantvilas (1995) recorded a total of 55 bryophytes from one 

rainforest tree, the conifer Lagarostrobos franklinii. An analysis of that data indicates 

that the equivalent trunk region only supported 12 bryophytes and that the majority 

were located higher up the trunk, on branches or on the peaty cone at the buttress of 

the lfee. It is highly probable that at least for Nothofagus, other epiphytic regions 

would contain an increasing diversity of bryophyte species, and the preliminary data 

of Ashton and McRae (1970) suggests that this could be the case. However, the 

distribution of epiphytes on the various regions of the host may depend on the 

community structure of the forest. In a study of the vertical distribution of epiphytes 

on Quercus pyrenaica in Mediterranean deciduous woodlands, Mazimpaka and Lara 
(1995) recorded the greatest richness from the lower tree base. 

The factors which influence the host tree as a substrate have been well documented by 

Slack (1976) and Smith (1982). These include bark factors as well as the 

microclimate of the host site. While it is still not possible to state which one factor is 

more or less important than another, there has been a growing consensus that the bark 

of the host tree is of major importance in determining the floristic composition of 

epiphytic bryophytes. The affmity of certain species with the bark of host trees led 

Slack (1976) and Iwatsuki (1960) to postulate that there is a considerable degree of 

phorophyte specificity. While there are still few quantitative data available, it is also 

evident that there is a correlation between vertical distribution and microclimatic 

factors, in particular light intensity and humidity (Slack 1976, Peck et al. 1995). As a 

consequence it has become difficult to compare the floristic composition from one 

host to another, but there are several trends which have emerged and are reflected in 
this study. 
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Th� dominance of hepalics compared to mosses as the major component of the 

epiphytic bryofloru is clearly demonstrated in the data from the uunk of the 

angiosperm. N. cllIlIlillgilamii as well as the conifer, Alhrolaxis se/aginoides. Scott 

and Armstrong (1966) studied the ground and epiphytic vegetation on Stewart Island. 

New Zealand. Their results indicated that the typical feature of the epiphytic flora on 

the uunk region of host trees was the predominance of hepatics in numbers of species 

and. although not estimated. probably in abundance as well. This prevalence of 

hepatics as epiphytes was also characteristic in vegetation studies in Fiordland. New 

Zealand, where the ratio of hepatic:moss is almost 2:1 (Scott 1970). Jarman and 

Kantvilas ( 1995) in their study of a Single Lagarostrobos franklinii tree also found 

that the hepatics dominated the bryophyte component by a ratio of 2: 1 .  Measurements 

in the study presented here from data throughout the sites as well as from specific 

localities such as Mt. Read, clearly reinforce that the diversity and percentage cover of 

hepatics is markedly greater than that for mosses. This contrasts with the work by 

Iwatsuk..i (1960) in Japanese forests. There the hepatic:moss ratio was greater than 

one for only a third of the bryophyte associations examined. Slack (1976) and 

Schmin and Slack (1990) investigated the epiphytes on stands of three angiosperm 

hosts in the Adirondack Mountains of New York and also found that mosses were 

more diverse than hepatics on the tree trunks. Iwatsuki ( 1960) emphasised that the 

bryophyte associations of Japan are not identical with other geographical regions and 

therefore it would appear that the mesic temperate rainforests of the southern latitudes 

favour the establislunent of hepatics as the dominant epiphyte. Even so there are 

similarities in that representatives from the same families tend to comprise the 

epiphytic flora. The Dicranaceae and Hypnaceae from the mosses, and the 

Lepidoziaceae, Lejeuneaceae and Plagiochilacaeae from the hepatics are consistently 

represented in the epiphytic flora from varied geographical regions. 

Much emphasis had been placed on host specificity as an important fea£ure of the 

epiphytic flora (Slack 1976). but more recent investigations consider that the 

bryophyte community rather than individual taxa is specific to particular host trees 

(Schmitt and Slack 1990). In this study the most frequently occurring epiphytic moss 

species show a wide tolerance of substrate (Table 4.4) and except for Paraschistochila 

tuloides, the most frequently occurring hepatic species equally occur on a wide range 

of substrate (Table 4.5). These results support the observations of Scott (1970) and 

the conclusions by Ashton (1985) who studied bryophytic communities in Eucalyptus 

regnans forest in Victoria. Both authors consider that the commoner species of 

bryophytes occur on ground as well as phorophytes while rarer species are restricted 

to particular habitats. Therefore most of the frequently occurring epiphytes in this 

study are best considered as facultative epiphytes, while the hepatic P. tuloides is the 
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only epiphyte that could be designated as an obligate species. The status of the less 

frequently occurring epiphytes has not been determined, but it may be possible that 

some of these are obligate species in respect to their epiphytism. 

The results presented here do not clarify which factors may be important in 

determining the epiphytic composition. Glime (pers. com.) has reported that at least 

for the less humid areas in North America, bryophytes are rare on conifers compared 

[0 hardwoods. Similar results were presented by Slack (1976) who found that in 

stands where hardwoods and a conifer (Tsuga canadensis) fonned the forest, the 

trunks of the angiospenns supported a greater diversity of epiphytic bryophytes. In 
stands of cool temperate forest studied here, it is clear that the bark of N. 

cunninghamii (hardwood) supports a more diverse epiphytic bryoflora than that of the 

conifer Athrotaxis (Fig. 4.8). This difference suggests that the bark factors are the 

determining criteria. Whether it is chemical, physical, pH or moisture retention has 

not been determined, however the chemical status of the bark of these two host trees 

is significantly different. In the more humid forest stands of Mt. Read the conifer 

supports a greater array of epiphytes which may indicate the dilution of this chemical 

repellent in wetter forest. In the more humid forests of the Pacific north-west of 

North America there is a greater diverSity of epiphytes on the trunk of conifers (Peck 

et af. 1995). What is of more interest is that where the same substrate is provided in 

differing vegetation habitats then the analysis of the results from Mt. Read site 

suggest it is the microclimate that is influencing a change in the composition of the 

epiphytic bryoflora (Table 4.6). At this site the percentage cover of bryophytes and 

the ratio of hepatics to mosses is the same on the trunk of the hardwood, N. 

cunninghamii, in bmh callidendrous and impUcate rainforest. However the 

composition of this bryophytic cover is markedly different as a result of each forest 

system providing a different set of microclimatic conditions at the trunk region of the 

host tree. This was most noticeable with the hepatics, in particular the leafy hepatic 

Bazzania invoiuta, which dominated the trunk of N. cunninghamii in callidendrous 

rainforest, but was markedly reduced and replaced by other hepatic species in the 

impUcate rainforest corrununity (Fig 4.12). This shift in bryophytic composition is 

best explained in terms of microclimate factors which could be light, temperature or 

humidity. Scott (1970) considers that in New Zealand the greatest influence is exerted 

by humidity and that the precise composition of the epiphytic communities depends 

on a balance between the bark and trunk characters and the localised influence of the 

environmental factors in each Sland of forest. 
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CHAPTER 5 
Epi-organ adaptations of Epiphytic Bryophytes 

5.1 Introduction 

There have been a number of studies which have investigated the phytosociological 

relationships of epiphytic bryophytes. The epic work of Barkman (1958) laid the 

foundation for ocher studies of which the most notable include Slack (1976), Iwatsuki 

( 1960), Hoffmann (1971) and Peck er at. (1995). However Ihere are fewer studies 

which have reported on the adaptations of bryophytes, in particular those that exist as 

epiphytes. 

In general bryophytes represent an alternate strategy of adaptation to the irregular 

supply of water in a terrestrial environment. Vascular plants typically possess roots 

and lignified tracheary elements to bring water from the soil where it is plentiful to the 

dry aerial environment where photosynthesis takes place. Bryophytes generally show 

little adaptation to achieve the same outcome, but their need to obtain, transport and 

conserve water in a terrestrial environment is just as great. 

Euch (in Proctor 1979) made a significant study on the area of absorption as well as 

the path of conduction of water in the gametophyte of bryophytes. While his 

observation emphasized the physiological difference with respect to water relations 

which exist among bryophytes. he concluded that bryophytes display two major 

methods: 

(i) Endohydric species in which surfaces are not readily wetted but have effective 

internal conduction. 

(ii) Ectohydric species which take up water freely over the whole plant surface. 

It has also been shown that for many endohydric species the surfaces are covered 

with a layer of wax deposits which make wetting of the plant difficult (Proctor 1979). 

According to Buch (in Proctor 1979) endohydric bryophytes can have a well 

developed basal rhizoid system and occur on loose substrate i.e. soil or humus and 

do not usually grow on rocks (epiplithic) or barks (epiphytic). Therefore it has been 

assumed that the ectohydric condition would prevail in epiphytic bryophytes. 1be 

substrate would not provide a significant source of water and the mode of existence 

would dictate that the plant would need to rely on the surrounding environmental 

condition to obtain water. Buch further described such plants that depend on [his 

external water supply into three categories: 
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(i) Inter-organ capillary systems e.g. cavities between sheathing or overlapping 

leaves; spaces amongst paraphylls or between the tomentum of rhizoids. 

OJ) Intra-organ capillary systems e.g. non-photosynthetic cells, the hyaline (dead) 

cells of Sphagnum or non-photosynthetic porose cells of leaf bases in a number of 

moss families. 

(iii) Epi-organ capillary systems which comprise the spaces between papillae, ridges 

or folds on leaf and stem surfaces. 

In many leafy hepatics the dorsi ventral shoot has resulted in the lateral leaves 

overlapping in either of two directions when viewed from the dorsal side, from apex 

to base. The incubous arrangement is when the upper margin of a leaf lies on top of 

the lower margin of the leaf directly above it, and the succubous arrangement occurs 

when the lower margin of a leaf lies on top of the upper margin of the leaf directly 

below it (Watson 1978). This pattern has been extensively utilized as a taxonomic 

crtierion within the large order of hepatics, the Jungermanniales. 

Clee ( 1937) proposed that these differences in direction of leaf overlap are 

functionally related to the efficiency with which water can be conducted externally in 

a given direction by the leaves. His results suggested that the rate of external water 

conduction is far more rapid in the succubous direction than in the incubous direction. 

He further postulated that liverworts with an incubous arrangement occupy habitats in 

which water is obtained from above ( i.e. moves from apex to base) and those with 

succubous leaf arrangement are found in habitats in which water is supplied from 

below (base to apex). There was little debate to CIee's hypothesis until Basile and 

Basile (1987) questioned the reliability in the experimental design and thus the 

conclusion that could be drawn. They repeated the experiment and found that the 

direction of overlap had no influence on the rate at which water moved along the 

shoot. Irrespective of the direction of overlap the leaf arrangement was still 

considered to be an imponant contribution to the ectohydric conduction in 

dorsiventral hepatics. 

Whether the strategy in those bryophYles thal are considered ectohydric is to transport 

water or redistribute water following precipitation is not always clear. However the 

capillary action formed by leaf arrangement. rhizoids and hyaline cells as respective 

examples of inter and intra-organ capillary systems. are unquestionably important for 

maintaining an external supply of moisture to the plant. 
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5.2 Papillae in ectohydric conduction 

The role of epi-organ capillary systems as an ectohydric strategy, especially the 

function of papillae on the surface of moss and hepatics, is still very conjectural. The 

light microscope has provided for many years the identity of papillae as a surface 

structure on bryophytes. With the advent of scanning electron microscopy (SEM), a 

new means of determining the structure of papillae was available. 

Robinson (1971) provided one of tbe earliest reports on the papillose leaf surfaces of 

mosses. The results of this investigation of seven mosses suggested that there are 

various types of papillae which represented an extension of the cell wall with no 

lumen. The form of papillae was determined as an important taxonomic criterion but 

there was no evidence that suggested that papillae are involved in "special absorption 

or retention of moisture" (Robinson 1971). Throughout the leafy hepatics the leaf 

surface characteristics are extensively used by taxonomists. The light microscope 

(LM) has enabled many descriptions to be applied to the leaf surface topography, but 

discrepancies between authors are frequent since many of these surface features lie at 

or beyond the limit of optical microscope. As a result an excessive number of tenns 

have been applied. Duckett and Soni (1972) examined the leaf surface of twenty-nine 

species from five families of hepatics to evaluate whether the SEM supports the 

detenninations made by the LM. Their study revealed close correspondence between 

the leaf surfaces under the LM and SEM, but there were notable departures which 

they concluded were because the SEM records only surface features, whereas the 

optical observation provides an image resulting from both the internal and superficial 

structure of the cell wall. 

The work by Ducken and Soni ( 1972) reinforced the taxonomic importance of the 

papillae and they proposed a preliminary rationalisation of terms to describe the 

variety of leaf surface topographies: 

• highly papillose 

• slightly papillose 

• verrucose 

• striate 

More extensive studies are required to determine if these descriptions are adequate to 

accommodate the range in surface ornamentation. However, there was no conclusion 

drawn from their work regarding the function of these papillae in particular in relation 

to ectohydric conduction. 

The potential function of the papillae was outlined by Proctor ( 1979) and further 

elaborated later (proctor 1981, 1984). The channels or cavities created by the papillae 
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covering the leaf surface of species belonging to the Pottiaceae e.g. Tortufa ruralis. 

are separated by distances as $ffiaU as 2)..lm. Proctor (1979) proposed that this allowed 

suitable tension of water molecules and thereby created a means of rapid water 

conduction over Lhe surface. This concept makes an interesting comparison with 

tracheary elements of vascular plants. There Lhe diameter of Lhe conducting elements 

is such to provide narrow capillary tubes for Lhe cohesive and adhesive forces of the 

water molecules to enhance the conduction. In the eclohydric conducting systems of 

bryophytes, the leaf surface must provide adequately for water movement while 

reconciling the requirements for gaseous exchange. This criterion is satisfied by the 

papillose leaf surface of the TortIlla-type where the convex surface of the papillae 

repel excess water so that it occupies the concavities between them (Proctor 1979, 

1984). This even distribution of water over the leaf surface enables optimal 

assimilation while maintaining the exposed surface of the papillae to provide gas 

exchange for photosynthesis on the same leaf surface. 

The increasing support for the function of papillae in ectohydric conduction was 

provided by the study of Barthlott and Schultze-Motel (1981). They examined with 

the SEM and Transmission Electron Microscope (TEM) the leaf surface features of 

genera which belong to the moss family Hedwigiaceae. Their results confirmed the 

taxonomic importance of these ornamented surfaces. Whereas all the genera in the 
family possess highly sculptured papillose surfaces, in particular the branched 

papillae of Hedwigia and Hedwigidium, that of Rhacocarpus purpurascens stood 

alone. The lumina region of the cell on the leaf of R. purpurascens was covered with 

a highly distinctive topography which emphasized its isolated systematic position 

within the moss family. It was also proposed that the complex multi-layered reticulate 

perforated wall structure (which resembled exine stratification in tectate pollen grains) 

of R. purpurascens, as well as the various papillose structures of the other 

Hedwigiaceae. serve "as a refined ectohydric water conducting system" (Barthlott and 

Schultze-Motel 1981). While there may still be debate as to the role of this 

characteristic leaf surface in Rhacocarpus. a revision of the genus has shown that the 

pattern in the caniculate surface is specific for the each of the seven species in the 

genus thereby emphasizing its taxonomic importance (Frahm 1996). 

Efficient epi-organ capillary systems of various kinds have now been identified as 

characteristic of many species belonging to a range of moss families, in particular 

Pottiaceae. Encalyptaceae and Orthotrichaceae. Castaldo-Cobianchi and Giordano 

( 1984) examined in detail with SEM and TEM the surface features of ZygOdOll 

viridissimus var. rupestris (Orthotrichaceae). It is a typical poikilohydric epiphytic 

moss which tolerates desiccation and rehydrates rapidly. Both leaf surfaces possess a 
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network of narrow channels determined by the deposition of cells in ordered lines 

which are accemuated by the presence of conical or peg-like papillae. Even though the 

diameter of the capillary channels is greater than the papillae themselves, their ordered 

arrangement would probably ensure rapid distribution of excess rain-water. In this 

moSS species, as with many species which have similar papillosity, the lack of 

papillae on the walls of the basal cells suggest that this could be a preferential area for 

water absorption i.e. the papillose channels direct water to the leaf base where it is 

readily absorbed. 

There are many species in which the papillae may have little or nothing to do with 

ectohydric conduction, although they may be still of significance in maintaining gas 

exchange in moist environments. Many of the low papillae on leafy hepatics as 

described by Duckett and Soni (1972) could stand as examples of this kind of 

mechanism (Proctor 1979). 

5.3 Adaptation of papillose surface features 

The diversil)' in papillose surface features has been closely linked to taxonomy and 

the SEM has supported and more clearly defined previous optical observations. The 

function of papillae is still conjectural while the adaptation of these structures to 

different environmental regimes has received linIe attention or experimental 

evaluation. 

The Poniaceae are one of the largest families of Australian mosses and most species 

are frequently found inhabitating dry/xeric conditions. Bell (1982) examined nine 

species that inhabit the Australian arid zone and found a strong correlation of densely 

papillose leaf surfaces which are interpreted as providing numerous capillary channels 

for rapid uptake and trapping of available water. Bell also found that surface wax 

deposits occurred in association with the papillae which would presumably relaI'd 

evaporation in the short term, as well as directing water movement to the non­

papillose leaf base for better absorption. 

A comparative examination was presented by Isles (1984), who compared the 

occurrence of papillae among other fearures in seventeen alpine mosses with sixteen 

wet forest mosses in Tasmania (Table 5.1) 

Table 5 1 . . 

Habitat Papillae Hyaline Hair Midrib 

hair points I points 

Aloine 33% 25% 58% 67% 

Wet Forest Nil Nil 38% 56% 
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These results suggest a correlation of papillae with alpine mosses where xeric 

conditions prevail at cenain times of the year and thereby suppon the proposal that 

they may have an adaptive significance. On this basis it is postulated that a papillose 

surface enables mist and dew to be readily captured and dispersed in an environment 

where water is intermittently available. As well it increases surface area which would 

also provide bener rates of water absorption. 

5.4 Aim of Study 

In order to evaluate the imponance of papillae as a means of providing external 

capillary conduction it was assumed that substrates such as rock or bark of trees 

would provide a substrate of minimal water content, and mosses and liverworts 

growing on such substrates would rely on strategies for ectohydric conduction. 

Therefore an hypothesis was proposed that bryophytes growing as epiphytes (on 

bark) would: 

[i] possess limited capacity of drawing water from such a substrate 

[ii] employ ectohydric conduction as the primary means of Obtaining and transporting 

water. 

In order to test these hypotheses the fonowing data was obtained: 

[i] For each epiphytic species recorded on Nothojagus cunninghamii and Athrotaxis 

selaginoidesllaxifolia at the study sites. it was determined by microscopic 

investigation whether inler-. intra- or epi-organ eClohydric conduction was employed. 

and 

[ii] For those species which possess papillae as an epi-organ capillary system, a 

detailed L\1 and SEM study to describe the form and structure of papillosity 

involved. 

5.5 Results 

The occurrence of papillae compared to other forms of ectohydric conduction in 

epiphytic trunk mosses is given in Table 5.2 and for hepatics in Table 5.3. The 

percenUtge of mosses possessing papillae as a means of epi-organ capillary 

conduction is 12.5% and for hepatics it is only 10%. The majori£y of trunk epiphytes 

(81 % mosses and 90% hepatics) would appear to utilize various forms of inter-organ 

capillary conduction i.e. rhizoids, overlapping leaves, sheathing leaves and 

paraphyIIs. 

There.are four species from four genera representing two families of hepatics [hat 

possess papillae, while two species from two genera representing two families of 
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Table 5.2. 

The fonn of ectohydric conduction in mosses that occurred as trunk epiphytes on 

Notho/agus cunninghami; and Alhro/axis spp. 

Moss species lnter- Intra- Epi· 

or�an organ organ 

Cyathophorum bu/bosum + 

Dicranoloma robustum + 

D icranoloma billardierei + 

Dicranoloma robusrum var. setosum + 

Dicranoloma menziesii + 

Dicranum trichopodum + 
GlYPolhecium sciuroides + 

Hypnum chrysogasrer + 

Holomitrium perichaetiale + 

Isopterygium lima tum + 

Leptotheca goudichaudii ? 
Leucobryum candidum + 

LeptoslOmum inclinans + 

Papillaria flavo-limbata + 

Ptychomnion aciculare ? 
Rhizogonium novae-hollandiae + 

Sematophyllum sp. + 

Wijkia extenuala + + 

Zygodon intermedius + 
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Table 5.3. 

The form of ectohydric conduction in hepatics that oceured as trunk epiphytes on 

Nothojagus cunninghamii and Athrotaxis spp. 

Hepatic species 

Acrochila biserialis 

Acrobolbus cinerascens 

Adelanthus bisetulus 

Acromastigum mooreanum 

Acromastigum sp. 

Bazzania involuta 

Bazzania monilinervis 

Chiloscyphus echinellus 

Cuspidatula monodon 

Chandonanthus squarrosus 

Clasmatocolea vermcosa 

Clasmatocolea notophylla 

DrepanoJejeunea aucklandica 

F rullania rostra/a 

Gackstroemia weindoiferi 

Herbertus oldfieldianus 

Heteroscyphus billardierei 

Heteroscyphus cymbaliferus 

Heteroscyphus conjugalus 

Lepicolea scolopendra 

Leptoscypus expansus 

Lepidozia ulothrix 

Lepidozia sp. 

Lepidolaena brachyclada 

Lejeuneaceae sp? 

Marsupidium SUTcu/osum 

Marsupidium setulosum 

Metzgeria decipiens 

Paraschistochila pinnatifolia 

Paraschistochila tuloides 

Plagiochila incurvicola? 

Inter-

organ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 
? 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 

+ 

? 
+ 

+ 
+ 
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Hepatic species lnter- Intra- Epi� 

organ organ organ 

Piagiochila circ inalis + 
Piagiochiia jasciculata + 

Plagiochila strombifolia + 
Psilocladia clandestina + 

Riccardia sp. ? 

Radula compacta + 

Radula multimentula + 
Raduia tasmanica? + 
Schistochila pseudociliata + 
Tylimanthus diversifolius + 
Teiaranea sp + 
Zoopsis argentea + 

mosses possess papillae. The form of papillae occurring on these species is described 

below. 

Acrobolbus cinerascens (Acrobolbaceae) 

The observations with the LM reveal little detail of the densely papillose surface 

which is obscured especially by the underlying brownish cellular oil bodies (Fig. 

5. 1a). A cross section seen under the LM (Fig. 5. 1b,c) shows that each cell is 

covered on both surfaces by many stalked papillae which are extensions of the cell 

wall material. These observations are confirmed when examined with the ESEM in 

wet mode. The dorsiventral shoot (Fig. 5 . ld) with its bilobed leaf (Fig. S . le) have 

numerous papillae which are clustered above the cell lumina (Fig. 5 .1  f). The papillae 

have a distinctive structure in that each is at the tip of a wall extension in the form of a 

stalk which may be bifurcated (Fig. S. lg). The papillae are on average 4 to 5 ).lm 

across and are covered by waxy deposits (Fig. 5.1g,h). 

Clasmatocolea verrucosa (Geocalycaceae) 

This species possesses a single large papilla per cell on both leaf surfaces. It is an 

extension of wall material and lies above the cell lumen. This papilla can be seen wim 

the LM in surface view (Fig. 5.2a) and cross section (Fig. 5.2b,c). The papillae vary 

between 19 to 24 ).lm across and their structure is confirmed with the ESEM in wet 

mode (Fig. 5.2d,e,f). The distance between the papillae is detennined by the 

thickness of the intervening cell walls. 
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Marsupidium setulosum (Acrobolbaceae) 

The observations with the LM show that in surface view there is a dense covering of 

round papillae per cell (Fig. 5.3a). These are extensions of the cell wall and occur 

mainly over the cell lumina with the walls between them clearly observed (Fig. 5.3b). 

Observations with the ESEM in wet mode reinforces the presence of many low round 

papillae per cell which are 4 to 5.5 11m across, but unlike the previous species these 

papillae are also occasionally found on the joining cell walls (Fig. 5.3b,c» . 

ChiLoscyphus echinellus (Geocalycaceae) 

Observations with the LM reveal that the leaf surface of this hepatic has 1-2 celled 

spike-like papillae arising from some cells on the leaf surface (Scott 1985). The view 

with the ESEM in wet mode shows that not all cells possess these papillae (Fig. 

5.4a,d), especially where the leaves overlap they are absent (Fig. S.4b). The ESEM 

view does not show the cellular nature of these papillae, but does confirm that they 

occur above the cell lumina (Fig. S.4c,d). The papillae are approximately 7.5I1In 

across at the base narrowing toward the apex, and because of their irregular 

occurrence are widely spaced. 

Papillariaflavo-limbata (M'eteoriaceae) 

The many small papillae are barely visible in surface view when observed with the 

1M (Fig. S.5a). The ESEM in wet mode clearly shows that the lamina cell has 

numerous papillae which are absent from the nerve and leaf margin (Fig. 5.Sb,c). 

The papillae on the lamina cell are tightly packed to almost coalesce to form a solid 

"unit". Therefore the region between the papillose unit forms channelled cavities 

along the leaf. The size of the papilla is approximately 3).lm across. 

Zygodon intennedius (Orthotrichaceae) 

This moss possesses the smallest papillae observed on the species examined. They 

are approximately 1.8 to 2 J.lm across and are widely spaced apart with several 

occurring on each cell as seen in the ESEM wet mode (Fig. 5.5d,e) 

5.6 Discussion 

The small number of bryophytes which occur as trunk epiphytes that possess 

papillose surfaces would suggest that this is not an important adaptation for 

ectohydric conduction. The dominance of various inter-organ capillary systems in 

both mosses and hepatics is therefore a more significant strategy. Although the bark 

of a tree may be considered a xeric microhabitat, such a substrate in a rainforest 

community probably does not pose the same influence as would occur in a drier 

vegetation. However few bryophytes are able to exist as epiphytes outside the wetter 
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forests but, those that do, for example the mosses Tor tula pa pillosa, T. pagoru m and 

Ortho trichu m tas mallicu m, do possess papillose surfaces. 

The structure and size of the papillae that do occur on the species in this study is 

variable. This probably reflects the taxonomic significance of the papillae but, the 

different types may also indicate or reflect the different functions that papillae may 

perform. 

The arrangement of papillae on the pendulous leafy shoots of Pa pillaria flavo-limba ta 

fiLS the concept of a papillose leaf surface, as described for Tor tula lor tuosa or T. 

ruralis (Proctor 1979), which acts as an epi-organ capillary conducting system. The 

compact alignment of papillae over the cell lumina which create narrow channels 

along the cell walls would provide the appropriate water transporting capaci£y. The 

widely spaced papillae of other species cannot readily be explained in these terms. 

Their function as an epi-organ capillary system may only be of secondary importance. 

In Chiloscyphus echi nellus the papillae are only irregularly found over the leaf 

sUlface where the imbricate leaves do not overlap. In this instance the overlapping 

leaves are the primary mechanism for ectohydric conduction and the spike-like 

papillae where they occur may simply enhance the water shedding capacity (Proctor 

1984). Even in species where each leaf cell may possess a papilla, as in 

Clas ma tocolea verrucosa, it would be more likely that the imbricate leaf arrangement 

is the main source for ectohydric conduction and the papillae act to repel excessive 

water lying on the dorsiventral shoot. 

The movement of water within ectohydric bryophytes may be by two essential 

pathways. Water may move from cell to cell, transversing the cell membranes and 

intervening cell walls (symplastic), or it may move via the cell walls between the 
adjacent cens (apopJastic). There has not been sufficient experimental work to indicate 

which of these is more important in bryophytes, but inference from higher plant 

studies suggest that the route through the free space of cell walls is probably the more 

important, especially in species with thick-walled cells (Proctor 1981). Therefore the 

position of papillae which cover the cell lumina in thick-walled species studied here, 

for example Acrobolbus ci nerasce ns and Clas ma tocolea verrucosa, would infer that 

their function may be to direct water to the intervening cell walls for apoplastic 

movement within the plant. 

The value of the scanning electron microscope with its relatively high resolution and 

great depth of focus far surpasses the light microscope, and thereby provides 

additional information to structural studies. In particular it can reveal more detail than 
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conventional light microscopy on the fine architecture of surface features of small 

plants like bryophytes. Most of the information describing surface topography in 

standard bryological literature is based on light microscope observations which can be 

of little value in distinguishing the variety of surface structures. The terms that have 

been used mroughout the literature to decribe the surface structures of the species 

studied here are given in Table 5.4. 

Table 5 4  . 

Moss species Rodway Scott & Lewinsky Streimann Beever et al. 

1914 Slone 1 976 1989 1991 1992 

Papillaria flavo-limbata nodulose densely papillae cell 

papillae pluri- de"se obscured by 

papillose obscuring papillae 

cell 

Zygodon intennediw "nodules" several 5·8 shon papillose 

prominent small single 

papillae/cell papillae/cell 

Hepatic species RocIway Hodgson Hodgson Engel 1980 SCOlt 1985 

1 9 [ 7  1943 1958 

Acrobolbus cinerascens coarsely papillae de"", 

oaoillose oaoillae 

Chiloscyphus echinellus acute loar surface 1·2 celled 

papillae muricate spine-like 

oanillae 

Clasmatocolea verrucosa domelike 

hyaline 

venuca 

Marsupidium serulosum coarsely papillose very densely 

nanillose oaDillose 

The surface features of Acrobolbus cinerascens and Marsupidiwn sewlosum are 

described by Rodway (1917) as both " coarsely papillose" ,  while SCOtt (1985) refers 

to both as possessing a surface that is "densely papillose". The studies here with me 

ESEM reveal that these structures are different and certainly not synonymous as the 

current literature would suggest. This may not always be !he most accessible way of 

distinguishing the features, but for precise morphological deSCription as an 

interpretation of function it may be important. 
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5.7 Evaluation of scanning microscopy to the study of surface features 

in bryophytes. 

The various terms that have been used to describe the leaf topography in the species 

studied here include "nodulose", "verruca" and "papillae". Whether these terms 

are adequate can only be determined by a broad ranging SEM investigation of leaf 

topography in bryophytes. However since lhe initial investigation of surface features 

of bryophytes lhere have been continual improvements in techniques and 

technological advances in scanning electron microscopy which have also influenced 

the descriptive terminology. 

Rhacocarpus purpurascens is a common alpine epilithic moss. Early light microscope 

studies have described the leaf surface as "minutely granular" (Rodway 1914). Scott 

and Stone (1976) slated "the whole surface is fmely and intensely wrinkled ...... the 

ridges in extreme cases joined up to fonn a reticulum all over the surface. The cells do 

not seem to be truly papillose although electroscan investigation is needed to be 
certain". Robinson (1971) did investigate dry herbarium material with the SEM but 

was not able to elucidate any more detail than had been described with the light 

microscope (Fig. 5.6a). Magill et al. (1974) described the importance of using fresh 

material which had been critical point dried to prevent collapse of cell surface details 

when examining with the SEM. The effectiveness of this teclmique was shown by 

Barthlott and Schultze·Motel (1981) when they examined R. purpurascens following 

fixation, dehydration and critical point drying of the leaf tissue. Their results, unlike 

those of earlier studies, revealed a multi-layered reticulate and perforated wall 

structure over the cell lumina (Fig. 5.6b). The critical point drying step involves the 

use of expensive equipment which can now be replaced with a more or less 

inexpensive chemical preparation. A more rapid and simple procedure using 

Hexamethyldisilazane (HMOS) has been successful as an alternative to critical point 

drying. 

Recent advances in technology have seen these difficult procedures now replaced 

with the Environmental Scanning Electron Microscope. It enables the observation of 

moist material without any chemical preparation or sputter coating. An examination of 

the leaf surface of R. purpurascens with the ESEM is provided (Fig. 5.6c) as a 
comparison to the previous methods of observation. 

The ESEM has allowed a more rapid and easier examination of delicate bryophyte 

tissue without some of the artefacts of previous SEM treatments. In most cases it 

provides a more life-like appearance to the structure. A comparison of Acrobolbus 

cmerascens that has been examined with the SEM following fixation, dehydration 
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and treatment with HJvIDS (Fig. 5.7a) is compared with an ESEM observation (Fig. 

5.7b). In the chemical preparation there is a considerable degree of collapsed tissue 

which is not evident in the ESEM observation. 

There is still a need for caution when exammmg with the ESEM. The correct 

temperature and pressure need to be maintained on fresh material otherwise some 

cellular collapse will occur. The small rounded papillae on the leaves of 

Saccogynidium decurvum appear to have sunken into the cell lumina when viewed 

with the ESEM (Fig. 5.7c). Material of Marsllpidium setulosum also shows sunken 

papillae when viewed with the ESEM (Fig. 5.3b,c) as a result of underlying tissue 

shrinkage. Experience has shown that using small amounts of material will reduce the 

problem of (issue collapse when examined with the ESEM in wet mode. However, 

this is a minor aberration when compared to the shrinkage and collapse of tissue 

encountered with earlier SEM techniques. 
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Fig. 5.1. Acrobolbus cinerascens. (A) LM surface view of mid�leaf. Scale bar 

50�m. (B) LM cross section of leaf. Scale bar 50�. (C) LM cross section of leaf. 

Scale bar 50�m. (D) SEM of shoot. Scale bar I mm. (E) ESEM of leaf. Scale bar 

400�m. 
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Fig. 5.1. contd. Acroholbus cinerascens (F) ESEM papillae. Scale bar 20J.lm. (G) 

ESEM papillae. Scale bar IOJ.lm. (H) SEM papillae. Scale bar IOJ.lm. 
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Fig. 5.2. Clasmatocolea verrucosa (A) LM surface view of mid-leaf. Scale bar 

SO�m. (B) LM cross section of leaf. Scale bar SO �m. (C) LM cross section of leaf. 

Scale bar SOlim. (D) ESEM leaf surface. Scale bar 400lim. fE) ESEM leaf surface. 

Scale bar ISOlim. (F) ESEM papillae. Scale bar 4Slim. 
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Fig. 5.3. Marsupidium setulosum (A) LM surface view of mid-leaf. Scale bar 

50�m. (B) ESEM of leaf surface. Scale bar 45�m. (e) ESEM papillae. Scale bar 

30�m. 
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Fig. 5.4. Chiloscyphus echinellus (A) ESEM surface view of leaves. Scale bar 

350�m. (B) ESEM surface view of leaf. Scale bar 250�m. (C) ESEM papillae. Scale 

bar IOO�m. (D) ESEM papillae. Scale bar 45�m. 
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Fig. 5.5. (A) Papilla ria j1avo-limbata, LM surface view of mid-leaf. Scale bar 

50!!m. (B) P. Jlavo·limbata. ESEM of mid-leaf. Scale bar 45!!m. (C) P. Jlavo­

/imbara, ESEM of leaf margin. Scale bar 45J..lm. (D) Zygodon intennedius, ESEM 

leaf surface. Scale bar 45!!m. (E) z. intennedius. ESEM papillae. Scale bar 25!!m. 
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Fig. 5.6. Rhacocarpus purpurascens (A) SEM leaf surface x930 (after Robinson 

1971) (B) SEM leaf surface x800 (after Barthlott and Schultze-Motel 1981) (C) 

ESEM leaf surface. Scale bar 25!!m. 
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Fig. 5.7. (A) Aerobolbus cinerascens,SEM of leaf surface. Scale bar Imm. (B) A. 

cinerascens, ESEM of leaf surface. Scale bar 50�m. (C) Saccogynidillm decurvum, 

ESEM of leaf surface. Scale bar 45�m. 
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Conclusions 

This study presents a review of the bryophyte flora in Tasmania and investigates the 

relevance of this component of the cryptogamic flora as epiphytes in cool temperate 

rainforest in Tasmania. 

The present knowledge of the bryoflora recognises 643 species, which is composed 

of 282 hepatic species (Ratkowsky 1987) and 361 moss species (Dalton et of. 1991). 

This number of species is significant when compared to other groups of native land 

plants and therefore the bryophytes make a major contribution 10 the diversity of the 

Flora. Much of this cryptogamic flora at least for the mosses, was described in the 

earliest account of the Tasmanian Flora (Hooker 1 859), and the publications of 

Bastow, Weymouth and Rodway which followed this Flora, resulted in further 

elucidating the species composition of bryophytes in Tasmania. The first half of the 

twentieth century was a period during which the bryophytes received little attention, 

and it was not until the work of Scott and Stone (1976) that a resurgence in 

bryological studies was undertaken. The last few decades have been devoted to a 

reappraisal of our taxonomic knowledge of this group of land plants and 

consequently there have been few studies on other aspects of their biology. 

The affinites of Tasmanian bryophytes with other related geographical regions is now 

well documented, however our understanding of their distribution in Tasmanian 

vegetation is still relatively poor. The biological features of the bryophyte plant enable 

them to exploit a range of habitats that often exclude other plants. Bryophytes are 

known to occupy habitats which range from terrestrial, epiphytic, epilithic to epixylic 

substrales. There have been numerous studies of epiphytic cryptogams in the 

northern hemisphere (Iwatsuki 1960, Slack 1976, Hoffman 1971 and Peck e/ al. 

1995). Although these results are from cumulative data from several trees or stands, 

they do indicate that bark is an important substrate for cryptogamic diversity. Studies 

in the southern hemisphere forests are fewer but the investigations by Scott (1970) on 

Nothofagus in New Zealand. and the preliminary studies by Ashton and McRae 

(1970) on an individual Norhofagus tree in Victoria, suggest the importance of this 

rainforest tree as a host for epiphytic bryophytes. 

In this study an investigation of the epiphytic bryophytes on two major rainforest 

trees - Nothofagus cunningham;; (angiosperm) and Athrotaxis selaginoides (conifer) ­

was undertaken. There was a total of 6 1  bryophyte species recorded from the trunk 

region of the two host tree'S throughout 12 study sites in cool temperate rainforest. An 
investigation of habitat preference revealed that except for the bepatic Paraschistochila 
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tuloides, the major species were facultative epiphytes. A comparison in the number of 

species indicated that the bark of N. cunninghamii was the preferred substrate and it 

was clearly demonstrated that in both host trees, the hepatics were the dominant 

component of the epiphytic bryoflora. It would appear that in southern cool temperate 

rainforests the hepatics are favoured as epiphytes as suggested by the observations in 

Nothofagus forests in New Zealand (Scott 1970) and results from epiphtyic diversity 

on the Tasmanian rainforest tree Lagarastrobos franklinii (Jannan and Kantvilas 

1995). 

The trends in epiphytic composition discussed in this research suggest that future 

studies should be directed to other host rainforest trees and cover a wider vertical 

distribution. This approach may support the increasing evidence that in cool temperate 

rainforest, the significant biodiversity is in the cryptogamic flora (Jannan er of. 1991) 

and that the loss of rainforest communities, and particular host trees, may pose a 

serious threat to maintaining this diversity. There is no evidence to indicate whether 

the age of the host tree has any influence on the epiphtyic composition but a 

comparison on a range of aged trees may reveal important successional species and/or 

communities. 

The results from this research do suggest that a change in forest structure does affect 

the epiphytic flora and that bryophytes may contain important indicator species. At 
least for a change in rainforest community structure, the total bryophyte cover may 

not be altered but there is certainly a significant effect on species composition. This 

does suggest that microclimatic factors, probably humidity in particular, may have a 

more important controlling influence rather than the nature of the substrate. Key 

bryophyte species which have been identified in this study need to be evaluated, 

especially in their physiological response (photosynthesis, respiration and other 

metabolic processes) to changing environmental parameters which might be important 

in determining their distribution limits in the field. 

One of the major adaptations of epiphytic bryophytes would appear to be a strategy to 

maximise ectohydric conduction. The results here clearly show that the majority of 

epiphytic mosses and hepatics employ inter·organ capillary ectohydric conduction. 

especially the spaces created by incubously or succubously orientated leaves. A few 

displayed epi-organ capillary conduction in the form of papillae. The fonn of these 

surface structures which can cover the leaf and stem, have been used as taxonomic 

criteria (Barthlott and Schultze·Motel 1981 and Frahm 1996) but have also been 

postulated to provide an important role in peripheral water conduction (Proctor 1979). 

A scanning electron microscope study of the epiphytic species which possess such 
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topographical structures revealed the fonn ranged from a single dome-shaped papilla 

to multi-stalked papillae per cell. The advent of the environmental S.E.M. revealed a 

marked improvement in observing these varied surface features when compared to the 

traditional S.E.M. procedures, and that the use of tenus to describe these structures 

may need revision. The cavities created by the space between papillae may in some 

cases aid the even distribution of mist and dew over the surface of the plant but their 

occurrence over the cel1 1umina may also suggest their importance in repelling excess 

water from the surface of the plant which could otherwise limit photosynthesis and 

respiration. 
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Appendix 1 

Taxonomic arrangement of epiphytic bryophytes recorded from the trunk of two 

dominant rainforest trees, Nothofagus cunninghamii and Athrotaxis seLaginoides (A. 

laxifolia). 

HEPATICAE 

Aerobolbaceae 

Acrobolbus cinerascens (Lehm.& Lindenb.) Schiffn. 

Marsupidium surculosum (Nees) Semffn. 

Tylimanthus diversifolius Hodgs. 

Adelanthaceae 

Adelanthus bisetulus (Steph.) GroUe 

Aneuraeeae 

Riccardia sp 

Frullaniaceae 

FruLlania rostrata (Hook. f. & Tayl.) Hook. f. & Tayl. ex Gott. et al 

Geocalycaceae 

Chiloscyphus echinellus (Lindenb. & Gott.) Mitt 

Clasmatocolea notophylla (Hook. f. & Tayl.) GroUe 

C. verrucosa Engel 

Heteroscyphus billardierei (Schwaegr.) Semffn. 

H. conjugatus (Mitt.) Engel & Schust. 

H. cymbaliferus (Hook. f. & Tayl.) Engel & Sehust. 

Leptoscyphus expansus (Lehrn.) GroBe 

Herbertaceae 

Hubertus ofdjieldianus (Steph.) Rodw. 

Jungennanniaceae 

Chandonanthus squarroslts (Hook.) Mitt 

Cuspidatula monodon (Tayl.) Steph. 
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Lejeuneaceae 

Drepanolejeunea aucklandica Steph. 

unknown species 

Lepicoleaceae 

Lepicolea scolopendra (Hook.) Dum. ex Trev. 

Lepidolaenaceae 

Gackstroemia weindotferi (Herz.) Grolle 

Lepidolaena brachyclada (TayJ. ex Lehm.) Trev. 

Lepidoziaceae 

Acromastigum mooreanum (Steph.) Hodgs. 

Acromastigum sp. 

Bazzania involula (Monl.) Trev. 

B. monilinervis (Lehm. & Lindenb.) Trev. 

Lepidozia ulothrix (Schwaegr.) Lindenb. 

Lepidozia sp. 

Psiloclada clandestina 'Mitt. 
Telaranea sp. 

Zoopsis argefllea (Hook. f. & Tayl.) Hook. f. ex Gon. et al 

Metzgeriaceae 

Metzgeria decipiens (Massal.) Schiffn. & Gatt. 

Plagiochilaceae 

Acrochila biserialis (Lehrn. & Lindenb.) Grolle 

Plagiochila circinalis (Lehm.) Lehm. & Lindenb. 

P./asciculata Lindenb. 

P. incurvicolla (TayL) Hook. f. & Tayl. 

P. strombi/olia (Tayl.) Tayl. ex Lehm. 

Radulaceae 

Radula compacta Castle 

R. multiamenlula Hodgs. 

R. tasmanica Sleph. 
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Schistochilaceae 

Paraschislochila pinllal/Jolia (Hook.) Schust. 

P. IIlloides (Hook. f. & Tayl.) Schust. 

Schislochila pselldociliata Schust. 

Musel 

Aulacomniaceae 

Leplolheca galldichalldii Schwaegr. 

Bryaceae 

Leptostomwll inciinans RBf. 

Dicranaceae 

Dicranwn trichopodum Mitt. 
Dicranoioma billardierei (Erid.) Par. 

D. menziesii (Tayl.) Par. 

D. robuSllun (Hook. f. & Wils.) Par. 

D. robustum (Hook. f. & Wils.) Par.var. setosum 

Holomilrium perichaetiale (Hook.) Brid. 

Hypnaceae 

Hypnum chrysogasler C. Muell. 

]sopterygium [imalum (Hook. f. & Wils.) Broth. 

H ypopterygiaceae 

Cyathophorum bulbosum (Hedw.) C. Muell. 

Leucobryaceae 

Leucobryum candidum (p. Beauv.) Wils. 

Meteoriaceae 

Papiilariajlavoiimbala (c. Muell. & Hampe) Jaeg. 

Orthotrichaceae 

Zygodon intermedius B.S.G. 
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Ptychomniaceae 

Glyphorhecium sciuroides (Hook.) Hampe 

prychomnion aciculare (Brid.) Par. 

Rhizogoniaceae 

Rhizogonium novae-hollandiae (Erid.) Brid. 

Sematophyl1aceae 

Sematophyllum sp. 
Wijkia extenuata (Erid.) Crum 

� .... . �-.:...---:�� 
, 

i ,--------- 'II, 
t· 
t I 
1 I i ' 
r d 
,. j 

[ UTAS j 
1 

-- ---<--' .. - .---1 

95 



Appendix 2 

The following relevant manuscripts were published during studies towards the 

research degree. 

Dalton, P.I. (1995). Seligeria cardotii R.Bf., a new moss record for Tasmania. New 

Zealand Journal 0/ Botany 33: 143-145. 

Frey, W. and Dalton, p.r. (1996). Hypnodendron comosum-comrnunity in 

Tasmania. Nova Hedwigia 62: 215-220. 

Dalton, P.I. (1998). New locality records for some rare mosses in Tasmania. Papers 

and Proceedings o/the Royal Society of Tasmania 132: 1-5. (in press). 
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NEW LOCALITY RECORDS FOR SOME RARE MOSSES IN TASMANIA 

P. J. Dalton 
Depanment of Plant Science 

University of Tasmania 

GPO Box 252-55 

HOBART TAS 7001 

Further records of occurrence for four rare mosses, Seligeria cardon'; R.Br., Calomnion 

camplanaturn (Hook.f. et Wils.) Lindb., Ephemeropsis trentepohlioides (Rem.) Sainsb. 

and Papillaria flexicaulis (Wils.) Jaeg. are provided as well as notes on their habitat and 

distinguishing features. 

Key Words: mosses, Seligeria, Ca/amnion, Epliemeropsis, Papiilaria. records. Tasmania. 

INTRODUCTION 

There have been more than 640 species of bryophytes recorded for Tasmania which is 

comprised of 282 hepatic species (Ratkowsky 1987) and 361 moss species (Dalton et al. 

1991). This number of species is significant when compared (0 other groups of land plants 

and therefore the bryophytes represent a major component of the Flora (Table 1). 

Since the puhlicalion of an annotated checklist of Tasmanian mosses (Dalton et ai. 199 1 )  
further collections, taxonomic and ecological research on the flora has continued. resulting 

in some additions and further distributional records for many species. Moscal and 

Kirkpatrick ( 1 997) presented distribmion maps of mosses and liverworts in Tasmania with 

the intention of establishing their reservation and conservation status. However. for a 

number of the rarer species, data was not included or information was based on old 

collections and/or literature records. In this paper new records for the distribution of four 

interesting and rare mosses in Tasmania are reponed, and their importance to the diverSity 

of the bryoflora is discussed. 

METHODS 

This study is based on verified herbarium collections (CANB & HO) and field collections 

made in Tasmania by the author. All new collections are deposited in the Tasmanian 
Herbarium (HO), with duplicates held in the author's private herbarium. Determination of 

species is based on comparisons with reliably identified reference material and/or literature 

descriptions. Scanning electron microscopy used one of the follOWing procedures: 

(i) fresh material  observed in an ESEM Electro Scan 2020 in wet mode (cold stage) or 



2 

(ii) fresh material fixed in 2% Osmium tetroxide, dehydrated in an acetone series, rinsed 

twice in Hexamethyldisilazone (HMDS), air dried, sputter coated with gold and then 
observed under HIV AC in a ESEM Electro Scan 2020. 

RECORDS 

Seligeria cardatii R. Bf. 

This minute epilithic moss is the only species of the genus that has been recorded for 

Tasmania. Plants. which form a loose assemblage on limestone, are erect, up to 2 nun high 

and light green when moist. The leaves are linear with a prominent midrib which is narrow 

at the base but wider above. The mid leaf ceUs are clear and rectangular in 2-3 rows each 

side of the midrib. A fuller description and illustration of Tasmanian material has been 

presented by Dalton (1995). 

This calcicolous moss was previously considered a species endemic to New Zealand 

(Sainsbury 1955) where it has a widespread distribution. The first occurrence of the 

species was reported from Dogs Head Hill, Mole Creek where it grew on damp limestone 

in dry sclerophylJ forest (Dahan 1995). A new record (PJ. Dalton 94.220, 9. xii. 1994) is 

reponed from a similar substrate, moist calcareous rockface, but in a more protected habitat 

in refuge rainforest (Nothofagus clinninghamiilAlherosperma moscltalltm), in the upper 

pan of the Junee Valley adjacent to Mt. Field National Park (Fig lA). This species may 

have a grearer di�rribution on suitable calcareous substrate in Tasmania. but it has possibly 

been overlooked due to its small size and specific substrate. 

Calomnion compfanatwn (Hook. f. et Wils.) Lindb. 

This is the sole species in the Tasmanian flora and is characterised by simple shoots which 

bear leaves in three ranks in the upper pan of the stem but often denuded below. The 

leaves of the two lateral rows are oblong while smaller orbicular leaves form a dorsal row 

(Fig 2A). There is a distinct midrib which is percurrent and the leaf margin varies from 

entire to slightly crenulate. A fuller description can be found in Yin ( 1 995), while Stone 

(1990) provides a detailed deSCription of the persistent heterotrichous protonema. 

The species was first recorded for Tasmania growing as an epiphyte on the fibrous trunk of 

Dickson;a antarctica beside the track at Dip FaUs, near Stanley (Stone 1990). although Yin 
(1995) reported a Tasmanian collection (NY) without lOCality made by Gunn. A new 

record (PJ. Dahon 95.18, 23. v. 1995) is reported from the Hoganh Falls track, Strahan 

(Fig I B). where it was growing on the trunk of a tree fern which appears to be the 

preferred substrate. The leaves of C. compfanatllm are highly deciduous and probably act 

as vegetative propagules. It could be postulated that this may have aided the recent 
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occurrence and distribution of the species at the two known localities. which are popular 

tourist destinations. 

Ephemeropsis trenrepohlioides (Rem.) Sainsb. 

This moss is characterised by an extremely reduced gametophyte made up of a fine 

brownish filamentous protonema which could easily be overlooked in the field. It is 

readily recognised as a moss with the presence of minute setae (ca. 2 mm long) bearing tiny 

erect capsules (Fig 2B), which arise from small perichaetial bracts. The calypu-a is 

mitriform with a fringed base and the peristome is short with the teeth bent back over the 

opened capsule when dry (Fig 2C). Spores are large, elongate and multicellular (Fig 2D). 

This is probably the most eXlraordinary moss in the flora and has been described by Willis 

( 1953) 

This unique epiphytic moss. which is widespread on both north and south islands of New 

Zealand (Beever et al. 1992). was first recorded in Tasmania from the Florentine Valley 

(Willis 1953). A further collection from the same area was made by Norris (HO 93460) 

and more recently a collection from Myrtle Gully, Collinsvale (D. Glenny pers. com.). A 

new record (P.J. Dalton 94. 2 1 5 , 9. xii. 1994) is reported from the upper region of Junee 

Valley (Fig IC), where the species was an abundant epiphyte on living and dead twigs of 

Alherospenna mosehatum. It was most abundant at the edge of refuge rainforest where 

light penetration was more favourable. 

Papillariajle:cieau/is (Wils.) Jaeg. 

This epiphytic species is characterised by long slender pendulous dull green shoots. The 

leaves are narrowly triangular, imbricate and tightly appressed to the stem when dry (Fig 

2E), but when moist rapidly stand at right angles to the stem. The nerve is faint and 

extends to 3/4 of the leaf. The cells are rhomboidal throughout and in the mid-leaf and 

above are densely papillose, with the papillae extending to the margins of the leaf (Fig 2F). 

A detailed description is given by Streimann (1991). 

Three orher species of Papillan'a occur in Tasmania: P. jlavolimbata is the commonest 

species with robust yellowish-green shoOts which often taper to very slender shoOts. The 

leaves are extremely undulate and the papillae do not extend to the margins of the leaf. P. 

crocera is a similar species but the smooth cells at the margin of the leaf are shorter. P. 

ni(ens has finer. softer shoots and the leaf cells are not obscured with dense papillae as in 

the previous species. 

P. jlexicauiis is a widespread moss on the Australian mainland and would appear to reach 

its southern limit in northern Tasmania (Streimann 1991). Nine collections have been 
recorded and eight of these were made in the late 19th century (Circular Head, Westbury. 

Delorai ne and East Tamar). The impact of human occupation at these localities during (he 
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past century would cast doubt on the continuing survival of the species. The only other 
collection during the last 100 years was made in 1974, in moist eucalypt forest near 
Scottsdale (Norris HO 942 17). A new record (PJ. Dalton 94.43, 28. i. 1994) is reported 
from Sassafras Ridge. Mole Creek (Fig ID), where the species occurred as a pendulous 
epiphyte on Pomaderris ape tala and Olearia argophylla in eucalypt forest 

DISCUSSION 

The mosses Seligen'(l cardorii, Ca/amnion complanatum, Ephemeropsis trentepohlioides 

and Papillariaflexicalliis have limited distribution in the Tasmanian vegetation. In contrast 

all four species are widely distributed on both north and south islands of New Zealand. 

while P. flexicaulis is the only species with widespread distribution on mainland Australia. 

There are strong affinities of the Tasmanian bryoflora to New Zealand and south-eastern 

Australia (Victoria and NSW). and in the case of the mosses as much as three quarters is 

shared with those areas (Scon & Stone 1976, Beever et ai. 1992). 

An alternative comparison of the bryofloras can be made by determining the diversity or 
richness which can be expressed as the number (genera and/or species) per logarithmic 

area. The diversity of the Tasmanian bryoflora compared with floras in O[her temperate 

regions is evaluated in Table 2. These numbers are approximations only, since taxonomic 

revisions and biogeographic studies will inevitably result in further changes. The species 

diversity of mosses in Tasmania is less than south-eastern Australia (Victoria and NSW) 

and much less than in New Zealand, however the hepatics are considerably more diverse 

than those of Victoria, but like the mosses are markedly Jess so than in New Zealand. Of 
the Gondwanan land masses (ie. New Zealand, southern Australia, Tasmania and southern 

Africa), New Zealand contains the greatest diversity of bryophytes which is in agreement 

with previous comparative studies (Fife 1985), 

The diversity of the Tasmanian mosses may not be as impressive as other Ooras, 

Nevertheless the specialised habitats that are occupied by such epiphytic species as C. 

complanatum, E. trentepohlioidis and P. jlexicaulis. and the epililhic species S. cartiorii, 

are an important component to the floristics of the Tasmanian vegetation. Three of the 

species are the sole representatives of genera in Tasmania and all four occupy habitats and 

substrates that may be vulnerable in much of the vegetation. Therefore further studies to 

identify the distribution of these species as well as other rare or less well documented 

bryophytes is needed to maintain our knowledge of the diversity of the bryofloril in 

Tasmania. 
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Captions 

Table I 
The estimated number of native species in different plant groups. 

Table 2 
The number of genera and species of mosses and hepatics in comparative temperate 

geographic regions. 

Figure 1 
The distribution of A. Seligeria cardotii, B. Calomnioll complanalum, C .  

Ephemerophsis trenrepohfioides. D. Papillariaflexicaulis. 

Figure 2 

A. ESEM (Hivac) whole shoot of Calomnion complanatum. B. ESEM (Hivac) whole 

shoot with capsule of Ephemerophsis trenrepohliodes, C. ESEM (Hivac) capsule with 

peristome of E. trentepohlioides, D. LM Spores of E. rrenrepohlioides, Scale bar 

50j..lm, E. ESEM (Hivac) whole shoot of Papillariaflexicaulis, F ESEM (wet mode) 

leaf surface with papillae of P. flexicaulis. 



Species 

% endemics 

Lichens' 13rY(lphylcs1 

(moss & hepatic) 

762 643 

- , 

I . Kantvilas 1994 

Table 1 

l)tCfiu()phyh!.� \ 

(Ferns & allies) 

9' 

5 

2 .  Rntkowsky 1987 and Dalton et (1/ 1991 

3 .  Buchanan 1995 

Gyrnlllll>pCnm\ !\l1giospcrm.� I Angiospcnns' 

(r.:onircrs) MorUlCOls Dicols 

" 539 Y43 

XU 14 25 



Table 2 

Geographic No. of species No. of gencra No. of species No. of gcncn\ 

region pcr In. (Kml) per In. (Km'l 

Mosses Tasmania' 361 1 4 1  32.4 1 2.7 

NSW' 527 17 1  38.8 12.6 

Victoriil \ 500 150 40.5 12.2 

South Aust".4 179 79 1 3.0 5.7 

West Aust.� 192 78 1 3 .0 5.3 

New Zcaland6 523 208 4 1 .8 16.6 

Europe? 1052 232 65.4 14.4 

British IslesH 692 175 54.7 13.8 

southcl1l Arrica!.l 591 19 1  39.9 12.9 

Hepatics TasmaniaHl 282 96 25.3 8.6 

Victoria) 230 84 1 8 .6  6.8 

New Zealand" 569 142 45.5 1 1 .4 

US & Canada' 500 129 29.8 7.7 

Europe' 434 104 27.0 6.5 

southern Arric:l'-' 3 1 6  92 2 1 .4 6.2 

I .  Dallon ef 01 1991 7. Fire 1985 

2. Ramsay 1984 8. Smith 1 980 

3 .  Cropper ef af 1 99  J 9. Magil l  & Schelpe 1979 

4.  Catches ide 1980 10 .  Ratkowsky 1987 

5 .  Stoneburner el (II 1993 I I . Glenny pers. com. 1995 (unpubl. checklist) 

6. Fire 1995 
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