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Abstract 

Tassel-ferns belong to the Lycopodiaceae, a globally distributed family of 

homosporous, seedles vascular plants including species that exhibit diverse shoot forms 

relating to their varied habitats. Hypotheses regarding the generic placement and 

relationships of tassel-ferns have been unstable due to a paucity of morphological 

characters for systematic analysis which contrasted with relationships uncovered in the 

first molecular phylogeny of the group. This study investigates the monophyly, 

placement and global diversification of tassel-ferns (hitherto genus Huperzia Bernh.) 

using mixed-model Bayesian inference phylogenetic analysis of DNA-sequences from 

five chloroplast loci in combination with 70 non-molecular characters derived from a 

large global collection of plants grown under controlled conditions. 

The phylogenetic hypotheses generated from these analyses support the monophyly of 

Lycopodiaceae its subfamilies Lycopodioideae and Huperzioideae. These subfamilies 

exhibit significant synapomorphies that are associated with their differing habits and 

life-history strategies. The Lycopodioideae are anisotomously branching plants that 

spread laterally over the terrestrial habitat, contrasting with the Huperzioideae which are 

isotomously branching plants that have a tufted and generally localised habit. These 

features are corroborated by anatomical synapomorphies such as stem stele type and 

microscopic synapomorphies such as spore type and gametophyte types. Within the 

Huperzioideae are three general morphological and anatomical groups: Phylloglossum 

drummondii Kunze which is the only wholly deciduous Lycopodiaceae that regenerates 

from underground tubers, fir-moss type Huperzia s.l. which are disperse by detachable 

bulbils and tassel-fern type Huperzia s.l. which disperse primarily by spores or via 

layering of fertile shoot tips. 

The monophyly of the genus Huperzia s.l. is poorly supported and in several analyses it 

is rendered paraphyletic with the morphologically divergent Phylloglossum drummondii 

Kunze being embedded between within it. Based on molecular data, the genus Huperzia 

s.l. contains a clearly divergent well-supported fir-moss clade and tassel-fern clade. 

Both are corroborated by morphological synapomorphies that can be identified in the 

field. Based on the relationships between these major clades, a recommendation is made 

to continue to recognise the genus Phylloglossum Kunze and to restrict the genus 
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Huperzia Bernh to the fir-moss clade and to recognise a third genus, Phlegmariurus 

Holub, for the species rich tassel-fern clade. 

Phlegmariurus (tassel-ferns) are predominantly epiphytic and epilithic tropical plants. 

They form tufted pendulous shoots and exhibit varied specializations related to the 

epiphytic habit including re-oriented lycophylls, succulence, glaucousness and 

multibranched strobili. New combinations with the genus Phlegmariurus Holub are 

proposed for the Australian tassel-fern species H. carinata (Desv. ex Poir.) Trevis., H. 

dalhousieana (Spring) Trevis., H. filiformis (Sw.) Holub, H. lockyeri (D.L. Jones & B. 

Gray) Holub, H. marsupiiformis (D.L. Jones & B. Gray) Holub, H. phlegmaria (L) 

Rothm., H. phlegmarioides (Gaudich.) Rothm., H.prolifera (Blume) Trevis., H. 

squarrosa (G. Forst.) Trevis. and H. varia (Brown) Trevis. In contrast, Huperzia s.s. 

(fir-mosses) are terrestrial, temperate and predominantly northern hemisphere plants 

and only one species, H. australiana (Herter) Holub, is confirmed as occurring in 

Australia. 

The Australian tassel-ferns P. carinatus (Desv. ex Poir.) Ching, P. dalhousianus 

(Spring) A.R.Field comb. nov., P. filiformis (Sw.) W.H.Wagner, P. lockyeri (D.Jones & 

B.Gray) A.R.Field comb. nov.,  P. marsupiiformis (D.Jones & B.Gray) A.R.Field comb. 

nov. and P. phlegmarioides (Gaudich.) A.R.Field comb. nov. are monophyletic. Based 

on an examination of their type materials, no recommendations are made to change their 

species nomenclature. The species hitherto recognised as H. prolifera (Blume) Trevis. 

has been misidentified in Australia and a new name, P. tetrastichoides (A.R.Field & 

Bostock) A.R.Field comb. nov. was introduced for this species in Australia. The 

remaining two Australian species P. phlegmaria s.l. (Rothm.) T.Sen & U.Sen, and P. 

squarrosus (G.Forst.) Á. Löve & D. Löve, were not monophyletic. The current dataset 

renders P. squarrosus paraphyletic, indicating that it requires taxonomic review at a 

global scale. The Australian population appears to be conspecific with the type of  P. 

squarrosus (G.Forst.) Á. Löve & D. Löve, and no changes to the species nomenclature 

of Australian plants it recommended at this stage. 

The widespread and variable P. phlegmaria s.l. is polyphyletic. Morphologically 

distinct species from outside Australia are inserted within it and not all plants 

recognised as P. phlegmaria s.l. belong to the same clade. In Australia, a classification 

based on monophyletic taxa is obtained if three species are recognised, P. 
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longibracteatus (Domin) A.R.Field comb. nov., P. ledermannii (Herter) A.R.Field 

comb. nov. and P. cf. phlegmaria sp. nov. A.R.Field. These three species are identified 

by differences in their stem structure, lignification and pigmentation; the arrangement, 

shape and colour of their sporophylls and the phyllotaxy, size and shape of their 

lycophylls. They occur in sympatry at numerous localities in northern Queensland and 

no intergrades were observed. Based on the strict sense interpretation of this species 

presented here, P. phlegmaria (L.) T.Sen & U.Sen, the type of which comes from India, 

is restricted to India and Asia and Malesia. 

Overall, the level of tassel-fern endemism in Australia and its relationships with 

overseas floras was typical of the Palaeotropical region. The Australian tassel-fern flora 

includes long branch species with no close relatives, endemic species of southern origin, 

endemic species of Malesian origin and non-endemic species belonging to derived 

clades that are widespread across the Palaeotropics. The blue-tassel-fern H. 

dalhousieana is the most phylogenetically distinct tassel-fern species indigenous to 

Australia, having no close relatives as well as exhibiting multiple autapomorphies. 

Following re-appraisal of species diversity in tassel-ferns, this study investigated the 

rarity of the species identified as occurring in Australia. Tropical Australian tassel-ferns 

can be assigned to four rarity groups. One species is of least concern, being uncommon 

but widespread in many habitats, three are vulnerable, being confined to specific 

habitats over two regions, five are endangered, being scarce, altitudinally restricted and 

occurring in one region only, and one species, P. dalhousieanus, is critically 

endangered, being extremely scarce in rare and widely scattered specialised habitats. 

It is proposed that the critically endangered P. dalhousieanus is naturally rare because it 

is an obligate niche-specialist associated with a small proportion of the epiphytic nest-

fern Platycerium hillii T. Moore that expresses a particular degenerate life-stage. 

Populations of P. dalhousieanus are declining rapidly and unless a management plan is 

developed and implemented, P. dalhousieanus will most probably become extinct in 

Australia in the near future. 
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Chapter 1: General Introduction 

What are tassel-ferns? 

Tassel-fern is the common name given in Australia to a group of delicate pendant 

tropical rainforest epiphytes (Figure 1.1). They belong to the ancient plant family 

Lycopodiaceae in the phylum Lycopodiophyta (Figure 1.2) and are presently classified 

in the worldwide genus Huperzia sensu lato (Chinnock 1998, Øllgaard 1987). Nine 

tassel-fern species are presently recognised as indigenous to northeastern Australia 

where they are found growing on the branches and trunks of trees and on rocks in wet 

tropical rainforest (Chinnock 1998). A tenth species occurs in temperate rainforests 

ranging as far south as Tasmania (Chinnock 1998).  

Tassel-ferns are strongly represented in Australian biodiversity conservation 

legislation (Table 1.1) and has been predicted that several species will be pushed to 

extinction in the near future as a result of pressure from anthropogenic exploitation 

and habitat degradation (Chinnock 1998, Field and Bostock 2008). They are symbolic 

in a conservation context because they are a phylogenetically ancient group and thus 

their presence in north Queensland was used in the rationale for gazetting the Wet 

Tropics World Heritage Area (Anon. 1987). Tassel-ferns are also ‘iconic’ because 

they are popular ornamental plants (McAuliffe 2001), and are the natural source of a 

drug that may reduce the effects of Alzheimer’s disease (Ma and Gang 2004). Despite 

their ‘iconic’ status, the Australian tassel-ferns have not previously been investigated 

phylogenetically. 

Table 1.1 Conservation rankings of Australian tropical epiphytic tassel-ferns in 
the Australian Environment Protection Biodiversity Conservation Act 
(Anon. 1999) and the Queensland Nature Conservation Act (Anon. 
1992). 

Taxon Conservation Ranking 
Huperzia carinata (Desv. Ex Poir.) Trevis Endangered 
Huperzia dalhousieana (Spring) Trevis. Endangered 
Huperzia filiformis (Sw.) Holub Endangered 
Huperzia lockyeri (D.L. Jones & B. Gray) Holub Vulnerable 
Huperzia marsupiiformis (D.L. Jones & B. Gray) Holub Vulnerable 
Huperzia phlegmaria (L.) Rothm. Rare 
Huperzia phlegmarioides (Gaudich.) Rothm. Vulnerable 
Huperzia squarrosa (G. Forst.) Trevis. Endangered 
Huperzia prolifera (Blume) Holub Vulnerable 
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Figure 1.1 Habit photographs of (a) a terrestrial Lycopodium growing near Cradle 
Mountain, Tasmania; (b) a terrestrial Lycopodiella growing near Machu 
Pichu, Peru (Ing Toh photo); (c) a terrestrial fir-moss type Huperzia s.l. 
growing near Mount Field, Tasmania (d) a terrestrial Phylloglossum 
growing near Esperance, Western Australia (William Archer photo) 
and (e) an epiphytic tassel-fern type Huperzia s.l. growing near Cape 
Tribulation, Queensland. 

(a) 

(b) 

(c) 

(d) (e) 
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Figure 1.2 Generalised evolutionary relationships among land plants showing the 
basal position of the Lycopodophyta with respect to extant vascular 
plant groups. Branch diameters represent inferred relative species 
diversity throughout the evolutionary history. Topology, age estimates 
and diversity estimates adapted from Kenrick and Crane (1997), Pryer 
et al. (2001), Kenrick and Davis (2004) and Bateman et al. (2007). 
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History of tassel-ferns, the Lycopodiaceae and Lycopodiophyta 

The phylum containing the tassel-ferns, Lycopodiophyta, is the oldest extant lineage 

of vascular plants (Figure 1.2), with a fossil record over 400 million years (Bateman et 

al. 2007, Kenrick and Crane 1997). One of the earliest recognisable fossil lycopods, 

and a fossil taxon considered associated with tassel-ferns, is Baragwanathia longifolia 

Lang & Cookson from 420 myo Silurian deposits found in Victoria, Australia 

(Bateman et al. 1992, Bateman et al. 2007, Garrat 1984, Rickards 2000, White 1986). 

This fossil species shows that many of the synapomorphies that define modern 

Lycopodiophyta, such as dichotomous branching and microphyllous shoots with 

solitary sporangia, were present over 420 mya (Bateman et al. 1992, Bateman et al. 

2007, Garrat 1984, Rickards 2000, White 1986). 

The Lycopodiophyte fossil record through the Devonian and Carboniferous periods 

(290 to 350 mya) is cosmopolitan, and fossil-bearing strata around the world 

commonly provide evidence that the Lycopodiophytes dominated the terrestrial flora 

of this period in terms of size, abundance and diversity of form (Gensel 2001, Kenrick 

and Davis 2004, White 1986). At the height of their diversity the lycopods accounted 

for as much as 50% of land plant species (Kenrick and Davis 2004). During the 

Carboniferous, Lycopodiophyta reached gargantuan proportions with at least one 

extinct genus, Lepidodendron Sternberg, growing to 30 m tall trees and forming the 

first known forests (Kenrick and Davis 2004, White 1986). Changes in Earth’s climate 

at the end of the Carboniferous resulted in the extinction of the tree Lycopodiophytes 

but survival of the smaller herbaceous species, which were gradually replaced in the 

fossil flora by other vascular plants (Kenrick and Davis 2004). Today, only small 

herbaceous Lycopodiophytes remain and they represent less than 1% of vascular plant 

diversity (Kenrick and Davis 2004, White 1986). As a result of its early 

diversification, the Lycopodiophyta is now distributed worldwide and its families, 

genera and even some of its species are widespread (Kenrick and Crane 1997, 

Øllgaard 1987, Wikström and Kenrick 2001). 

The Lycopodiophyta is the sister clade to all other living vascular plants (Kenrick and 

Crane 1997, Pryer et al. 2001, Wolf et al. 2005). The two primary and unequivocal 

synapmorphies that define the Lycopodiophytes are the presence of photosynthetic 

appendages called microphylls and presence of distally dehiscent sporangia borne in 
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the upper axils of the microphylls. Lycopodiophytes share xylem, phloem and stomata 

with complex vascular plants (Kenrick and Crane 1997) but their roots and 

photosynthetic structures are analogous to those of derived Monilophytes (ferns) and 

Spermatophytes (seed plants) (Friedman et al. 2004, Imaichi 2008, Kenrick and Crane 

1997). Additional distinctions can be made based on the features that 

Lycopodiophytes lack, such as the compound stems and reproductive organs found in 

the more derived phyla (Friedman et al. 2004, Imaichi 2008, Kenrick and Crane 

1997). 

Lycopodiophytes share several unusual symplesiomorphies in their chloroplast 

genomic structure with Hepatophyta (liverworts), Anthocerophyta (hornworts) and 

Bryophyta (mosses) and lack genomic synapomorphies of the Monilophyta and 

Spermatophyta  (Kenrick and Crane 1997, Pryer et al. 2001, Pryer et al. 2004, Wolf et 

al. 2011, Wolf et al. 2005). The most significant character that supports the 

phylogenetic positioning of the Lycopodiophyta as sister to other vascular plants is a 

30 kilobase sequence in the chloroplast genome (Figure 1.2) that is shared with non-

vascular Embryophytes (Hepatophyta, Anthocerophyta and Bryophyta) but is inverted 

in higher complex vascular Embryophytes (Monilophyta and Spermatophyta) 

(Kenrick and Crane 1997, Pryer et al. 2001, Pryer et al. 2004, Wolf et al. 2011, Wolf 

et al. 2005).  

Lycopodiophytes possess a life cycle that differs from the more modern vascular phyla 

and exhibits a different suite of life-cycle characters that can be applied in systematic 

analyses (Haufler 2002). Lycopodiophyta have a life cycle in which the gametophytes 

and sporophytes are temporally independent (Haufler 2002, Tryon and Tryon 1982). 

In this life-cycle, small tetrahedral spores are dispersed, probably abiotically, and 

germinate to produce free-living haploid gametophytes. The gametophytes are either 

photosynthetic or mycoheterotrophic and are usually tuberous or thickly thallose with 

their gametangia born externally on their upper surface (Boivin 1950, Whittier 1998). 

Male gametes are motile, flagellate and presumably have to swim externally from 

antheridia to archegonia (Maden et al. 1996). Lycopodiophyta are either 

heterosporous, having separate male and female spores and gametophytes, or 

homosporous, having one spore type that germinates into bisexual gametophytes 

(Crane 1990). The lineage including Selaginellaceae and Isoetaceae is heterosporous 
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but the lineage including the Lycopodiaceae, the family to which tassel-ferns belong, 

is homosporous.  

The presence of homospory in the Lycopodiaceae has implications for the selection of 

DNA loci for systematic analysis. Homospory has evolutionary consequences such as 

increased self-fertilisation and increased levels of ploidy (Haufler 2002, Nakazato et 

al. 2008, Pryer et al. 2001, Soltis and Soltis 1988b, Wagner 1992). Although 

chromosome counts of Lycopodiophyta are reported inconsistently in cytotaxonomic 

literature they are generally high (Löve and Löve 1958, Löve et al. 1977, Tindale and 

Roy 2002). One of the highest reported chromosome counts for a plant is that of an 

Australian tassel-fern species identified as Huperzia prolifera (Blume) Trevis. 

reported with 2n of 556 chromosomes (Tindale and Roy 2002). The high degree of 

ploidy in homosporous plants was hypothesised to be trait that maintains genetic 

diversity in otherwise inbreeding plants (Klekowski and Baker 1966). This 

functionally polyploid view of homosporous plants has been replaced in favour of a 

view that they are ancient polyploids that are functionally diploid with large 

chromosomes carrying numerous silenced copies of the replicated genes (Haufler 

1987, McGrath et al. 1994, Nakazato et al. 2008, Nakazato et al. 2006, Soltis and 

Soltis 1988b). This differs from angiosperms in which polyploids have often been 

documented to become functionally diploid and undergo loss of superfluous genes 

(Bowers et al. 2003). The presence of polyploidy, particularly of independently 

mutating silenced replicates of genes, raises concerns about the homology of nuclear 

DNA loci used for phylogenetic analysis (Soltis and Soltis 1998). Considering the 

scope of this problem in systematically interpreting the highly polyploid nuclear 

genomes of Monilophytes and Lycopodiophytes, it is not surprising that phylogenetic 

studies of these groups have favoured the use of the rich dataset available from the 

non-polyploid chloroplast genome (Kreier and Schneider 2006, Pryer et al. 2001, 

Pryer et al. 2004, Wikström 2001, Wikström and Kenrick 1997, Wikström and 

Kenrick 2000, 2001, Wikström et al. 1999, Wolf 1994, Wolf et al. 2011, Wolf et al. 

2005, Wolf et al. 2010, Yatsentyuk et al. 2001). 

The systematically informative morphological and anatomical characters of 

Lycopodiophyte sporophytes differ from those used to analyse ferns and seed plants. 

The sporophytes of Lycopodiophyta are simple photosynthetic and herbaceous plants 

with an unbranched or dichotomously branched protostelic shoot system and an 
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unbranched or dichotomously branched haplostelic root system (Chu 1974, Hill 1914, 

Jones 1905, Øllgaard 1987). The central stem of the shoot system is developed from 

shoot apical meristems that are similar to, but with analogous origins to, those 

observed in seed plants (Imaichi 2008, Imaichi and Hiratsuka 2007). The shoot system 

branches dichotomously when the shoot apical meristem ceases to divide and it is 

replaced by two new shoot apical meristems (Guttenberg 1966, Imaichi 2008). The 

shoot system may be isotomous (equally dichotomous) or anisotomous (unequally 

dichotomous) in its branching pattern (Troll 1937). The difference between these two 

types of dichotomy is determined by whether the new meristems are equal or unequal 

in size following branching (Imaichi 2008, Imaichi and Hiratsuka 2007). Within the 

Lycopodiophyta, the family Selaginellaceae is characterised by having shoot apical 

meristems with single apical cells and high plasmodesmatal densities whereas the 

families Isoetaceae and Lycopodiaceae have shoot apeical meristems with plural 

apical cells (ie. more than one operating in parallel) and plasmodesmatal densities 

broadly equivalent to those present in Spermatophytes (Imaichi 2008, Imaichi and 

Hiratsuka 2007). 

The central stem of the Lycopodiophyte shoot bears many single-veined leaf-like 

appendages called microphylls. Microphylls differ from true leaves found in ferns and 

seed plants in that they arise from a horizontal line of leaf primordia further back from 

the apical flank of the shoot apical meristem than true leaves (Dengler 1983, Freeberg 

and Wetmore 1967, Imaichi 2008). They also differ in their emergence from the stele 

by having a single simple vascular trace without a leaf-gap rather than the compound 

vascular bundle and leaf-gap found in ferns and seed plants (Kenrick and Crane 1997). 

Three competing hypotheses on the origins of microphylls have been proposed; 

reduction from telomes (shoot-stem systems), enation on telomes or sterilisation of 

sporangia (Floyd and Bowman 2006, 2007, Imaichi and Hiratsuka 2007). Microphylls 

borne on basal parts of the stem are usually sterile and are called lycophylls, whereas 

microphylls borne on distal parts of the stem bear rounded or reniform sporangia in 

their axils and are called sporophylls. The organ made up of repeated sporophylls is 

called a strobilus. As a result of their ontogenic and morphological simplicity, 

microphylls of lycopods provide relatively few characters for systematic analysis 

compared with complex leaves of ferns and seed plants. 
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Overall, the potentially systematically informative morphological characters available 

for investigation within the Lycopodiophyta are limited, being restricted to variation in 

the branching pattern, to elongation and vascularization of the stem, to the number and 

expression of their simple lycophylls and sporophylls and to inconsistently reported 

characters such as spore and gametophyte type (Boivin 1950, Chinnock 1998, Holub 

1985, Øllgaard 1975, 1979, 1987, Tryon and Tryon 1982, Wagner and Beitel 1992). 

The elongation of the sporophyte stem, the type of branching and the ranking of 

lycophylls into different types has been used to distinguish between the families 

Isoetaceae, Selaginellaceae and Lycopodiaceae (Chinnock 1998, Kenrick and Crane 

1997), and the systematic arrangement of these families has been supported by 

molecular evidence (Kenrick and Crane 1997, Pryer et al. 2001).  

The monophyly of the family Lycopodiaceae (Figure 1.3) and its position within the 

phylum Lycopodiophyta has been supported by multiple lines of morphological and 

molecular evidence (Kenrick and Crane 1997, Øllgaard 1987, Pryer et al. 2001, 

Wikström and Kenrick 1997). Morphology based cladistic studies generally uncover a 

small number of synapomorphies for the Lycopodiaceae, the two primary ones being 

the absence of a ligule, which is present in other Lycopodiophyta lineages, and the 

presence of a homosporous life cycle (Kenrick and Crane 1997, Wagner and Beitel 

1992). Molecular based investigations of the monophyly of Lycopodiaceae provide 

stronger evidence of its monophyly (Figure 1.3) and support values for a 

Lycopodiaceae have been reported for molecular phylogenies based on the rbcL and 

trnL chloroplast loci (Wikström 2001, Wikström and Kenrick 1997). Despite the 

family Lycopodiaceae being almost universally accepted, their is little consensus 

between authors on either generic or species diversity within the family. Generic 

concepts and estimates of the species diversity of the Lycopodiaceae vary widely 

between systematic revisions (Boivin 1950, Chinnock 1998, Holub 1985, Øllgaard 

1987, Tryon and Tryon 1982), and the tassel-ferns belong to the genus for which 

species circumscription and enumeration is least understood (Øllgaard 1987, Tindale 

and Roy 2002, Tryon and Tryon 1982). 
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Figure 1.3 Cladogram based on the phylogram presented in the molecular study of 
Wikstrom & Kenrcik (1999) showing the monophyly of the family 
Lycopodiaceae and the sister relationship between a clade containing 
Lycopodium and Lycopodiella and a clade of Huperzia and 
Phylloglossum. Bootstrap values are displayed below nodes. 

Species concepts in the Lycopodiaceae 

It has been said that “species are one of the most intriguing unsolved problems of 

evolutionary biology” (Coyn and Orr 2004). In the 150 years since Darwin published 

The Origin of Species (Darwin 1859), systematic biologists have proposed and 

debated many different species concepts (Mayr 1942, Whittemore 1993, Wiley 1978, 

Wiley and Mayden 2000), including discussion as to whether species exist at all 

(Raven 1976). Botanists have identified problems associated with applying the 

biological species concept (Mayr 1942) to plant diversity (Whittemore 1993), 

particularly when it is applied to species as lineages with histories (Haufler 2008). The 
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Mayden 2000), or phylogenetic species concepts (Donoghue 1985, Mishler and 

Brandon 1987, Mishler and Theriot 2000, Nixon and Wheeler 1990), which view 

species as interdependent lineages with their own evolutionary histories and 

evolutionary fates (Haufler 2008). 

There are a number of problems associated with species concepts in the 

Lycopodiaceae. Among the problems already identified for the Lycopodiaceae (and 

for analogous homosporous Moniliophytes), are their widespread distributions, their 

perceived ability for long distance dispersal, the age of lineages, the ability of some 

species to persist asexually, the ability of species to hybridise and also the 

misinterpretation of their polymorphy (Haufler 2008, Paris et al. 1989, Soltis and 

Soltis 1988a, Soltis and Soltis 1988b, Wagner 1992, Wolf et al. 2001). As a result, 

when molecular data have been investigated for widely distributed and 

morphologically variable species, a series of embedded cryptic species are often 

revealed (Haufler 2008). This may be due to historical misinterpretation of species 

concepts (Haufler 2008, Paris et al. 1989). Lycopodiaceae in particular have traits that 

could make them difficult to interpret systematically because of their simple 

morphology, their low number of morphological characters for systematic analysis and 

because their lineage or taxon-defining characters are either phenotypically plastic 

(Haufler 2008, Paris et al. 1989) or, as outlined below, because they have been poorly 

sampled due to their widespread range and the inherent rarity of collections. The 

following sections examine the history of systematic studies of the Lycopodiaceae 

commencing with taxonomic studies and progressing to recent phylogenetic studies 

with an emphasis on the circumscription of genera, the placement of tassel-ferns and 

the interpretation of tassel-fern species diversity. 

History of taxonomic investigation of tassel-ferns, 1678 - 1992  

The first ‘tassel-fern’ reported in western pre-Linnaean literature was Selago Indiae 

Orientalis sive phlegmaria admirabilis zeylanica from Malabar, which was described 

and illustrated in Breyne (1678). The name Tama Pouel Paatsja Maravara was also 

given to a tassel-fern from Malabar and was illustrated in Rheede et al. (1703). In 

1741 Rumphius described and illustrated Equisetum Amboinicum seu arboretum 

Squamatum from Ambon. Dillenius (1741) grouped these taxa into one taxon 

Lycopodium erectum dichotomum foliis cruciatis spicis gracilibus and grouped them 
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with other plants that now form the Lycopodiaceae. Three illustrations and one 

specimen were available by the time Linnaeus published the binomial system (Breyne 

1678, Dillenius 1741, Linneaus 1753, Rheede et al. 1703, Rumphius 1741). 

Two tassel-fern taxa were described by Linnaeus (1753). Lycopodium phlegmaria L. 

was described from the Palaeotropics and referred to the descriptions and illustrations 

of Breyne (1678) and Rheede et al. (1703) and Lycopodium linfiolium was described 

from the Neotropics (Linnaeus, 1753). Linnaeus included the tassel-ferns in the 

broadly defined genus Lycopodium L., which at that time still included the distantly 

related modern genera Selaginella P. Beav., Psilotum Sw. and Tmesipteris Bernh. This 

broadly defined and polymorphic genus was adopted for the next 50 years. 

Selaginella, Psilotum, Tmesipteris and Huperzia Bernh. were segregated from 

Lycopodium in the early 1800s (Beauvois 1804, Bernhardi 1801, Swartz 1806). The 

genus Huperzia Bernh. was described in 1801 to include the terrestrial fir-mosses and 

epiphytic tassel-ferns (Bernhardi 1801, Trevisan De Saint-Leon 1874). However, use 

of the genus Lycopodium (sensu Linnaeus) for the tassel-ferns and fir-mosses is 

common in taxonomic literature up until the 1950s.  

Between 1753 and 1900, seven Australian tassel-fern species were described. Three 

species were based on Australian specimens (Bailey 1884, 1893, Brown 1810) and 

four were described from island floras in Melanesia (Desvaux 1813, Forster 1786, 

Gaudichaud-Beaupre 1828, Swartz 1800). Several of the known species were divided 

as new systematic characteristics were recognised (Willdenow 1810). By the end of 

the 19th century almost half of the Lycopodiaceae taxa occurring in Australia were 

described (Baker 1887, Blume 1828, Cesati 1876, Kaulfuss 1824, Spring 1838, 1840, 

Spring 1841, 1842, 1849, 1854, Trevisan De Saint-Leon 1874). Tassel-ferns were 

usually placed in the genus Lycopodium L. or Huperzia Bernh. depending upon the 

preference of the describing author.  

The number of tassel-fern species described doubled between 1900 and 1950. The 

most prolific taxonomist was G. Herter, who described 96 tassel-fern taxa and 

published numerous taxonomic papers on the family from 1908 until his death in 1958 

(Herter 1908, 1909a, 1909b, 1912a, 1912b, 1914, 1916, 1922, 1923a, 1923b, 1923c, 

1923d, 1925, 1949a, 1949b, 1950, 1958a, 1958b). Herter adopted a system of 
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classification in which two genera were recognised, Lycopodium L., which included 

the clubmosses and Urostachys Herter, which included the tassel-ferns and fir-mosses. 

Herter further divided the genus Urostachys Herter into two subgenera, Euurostachys 

Herter – the homophyllous species, and Heterourostachys Herter – the heterophyllous 

species.  Euurostachys was further subdivided into six groups and 23 subgroups; and 

Heterourostachys included one group and six subgroups. Today, many of the sections 

and series introduced by Herter are considered to be illegitimate or invalid names 

because they were not all effectively or validly published  (Øllgaard 1987). In 1950, 

Herter published Systema Lycopodiorum and Index Lycopodiorum which formally 

outlined his classification system for Lycopodium and Urostachys and provided a 

taxonomic index to lycopod literature (Herter 1949a, 1949b, 1950). Herter made 

significant contributions to description of the tassel-fern flora of Papua New Guinea 

(Herter 1916), the Philippines (Herter 1923a, 1923b) and southern America (Herter 

1922, 1958a), and he described one new species from Australia (Herter 1909a). 

Another botanist who described many tassel-ferns and fir-mosses was Herter's student 

H. Nessel who described 57 taxa from 1927 to 1955 (Nessel 1927, 1934, 1935, 1939, 

1940a, 1940b, 1955).  Nessel was the author of Die Bärlappgewächse (1939), the only 

monograph ever written which reviewed the entire family Lycopodiaceae at species 

rank (Nessel 1939). Nessel (1939) used the Lycopodium and Urostachys classification 

of Herter but he provided keys to the genera, sections and species as well as figures for 

a large number of taxa. However, the lack of taxonomic diagnoses and vague species 

identification keys in Nessel (1939) “greatly diminishes the usefulness of the 

monograph” (Boivin 1950).  

The tassel-ferns of Malesia and Melanesia were studied by Alderwerelt van 

Rosenburgh who described 18 new tassel-fern taxa (Alderwerelt van Rosenbergh 

1911, 1912, 1914, 1915a, 1915b, 1916a, 1916b, 1917a, 1917b, 1918, 1920, 1922, 

1924). He produced the first guide to the lycopods of the Malesian region (Alderwerelt 

van Rosenburgh 1915a and 1916a). In addition, two new infraspecific taxa were 

described from Australia during this period (Domin 1915, 1928). Several other taxa 

were recorded from Australia before 1950, most likely in error (Domin 1915, 1928, 

Nessel 1939). 
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Since 1950, researchers have been preoccupied with the generic limits and the 

relationships of genera within the family Lycopodiaceae. Boivin (1950) pointed out 

that Urostachys Herter lacked nomenclatural priority over Plananthus P. Beauv. ex 

Mirbel (1802) which has the same type species (Pichi Sermolli 1971). A proposal was 

made to conserve Urostachys Herter (Herter 1953), but eventually the genus Huperzia 

Bernh. was recognised as having priority over both Urostachys Herter (1922) and 

Plananthus P. Beauv. ex Mirbel (1802) (Holub 1964). 

Seven informal groups were recognised by Boivin (1950). The first three, the L. 

selago group (the fir-mosses), L. phlegmaria group (the tassel-ferns) and L. saururus 

group (Andean fir-mosses) are all isotomous and the last four groups, the L. cernua, L. 

clavatum, L. complanata and L. lateralis groups are all anisotomous. Gametophyte 

characters were also used to define these groups, but Boivin states that he remained 

undecided on generic limits and no attempt was made to recognise genera other than 

Lycopodium L. (Boivin 1950). Phylloglossum was not mentioned in Boivin’s study but 

it is now known to be phylogenetically embedded among these taxa (Wikström and 

Kenrick 1997). From 1950 onwards many new systematically informative characters 

became available from morphological, cytological, anatomical, photochemical and 

developmental studies (Boivin 1950, Braekman et al. 1980, Holub 1964, Øllgaard 

1975, 1979, 1987, 1988, 1989a, Øllgaard 1989b, Øllgaard 1992, Tryon and Tryon 

1982, Wilce 1972). Eventually multiple separate genera in the Lycopodiaceae were 

recognised (Holub 1964, Øllgaard 1987). 

In 1964, Holub divided the genus Lycopodium into 13 genera (Huperzia Bernh., 

Phlegmariurus Holub, Phylloglossum Kunze, Lycopodium L., Diphasiastrum Holub, 

Diphasium C. Presl ex Rothm., Lycopodiastrum Holub ex Dixit, Pseudodiphasium 

Holub, Pseudolycopodium Holub, Lycopodiella Holub, Lateriostachys Holub, 

Palhinaea Franco & Carver and Pseudolycopodiella Holub (Holub 1964). Subsequent 

cytological, phytochemical and morphological studies indicated that many of these 

genera were problematic (Øllgaard 1975). Many regional floras that are relevant to 

Australian tassel-ferns did not adopt Holub's 13 genus system (Andrews 1990, 

Brownlie 1977, Chinnock 1998) and Holub later halved the number of genera he 

recognised (Holub 1985, Holub 1991). In the first Holub classification (Holub 1964) 

the tassel-ferns were distributed between two genera, Huperzia Bernh. for species 

considered to be homophyllous, and Phlegmariurus Holub. for distinctly 
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heterophyllous species (Holub 1964). In the second Holub classification (Holub 1985) 

all tassel-ferns and fir-mosses were included in the large genus Huperzia Bernh. The 

subgenus Huperzia was described for the bulbiferous homophyllous species (i.e. the 

fir-mosses), subgenus Subselago Holub for the non-bulbiferous species (including 

tassel-ferns), and the subgenus Tardieoblotia Holub for the presumed outlying species 

Huperzia pecten Baker, which is a tiny species of tassel-fern from Madagascar with 

unique fringed lycophyll margins (Holub 1991). 

In 1987 Øllgaard published a revised classification of the Lycopodiaceae that 

recognised only four genera: Lycopodium L., Lycopodiella Holub, Phylloglossum 

Kunze and Huperzia Bernh. In this classification both tassel-ferns and fir-mosses are 

combined in the genus Huperzia Bernh. The Øllgaard classification was supported by 

an extensive taxonomic index (Øllgaard 1989a) and consequently this generic 

classification is more nomenclaturally robust than previous reviews. This 

classification adopted a formal infrageneric classification for the genera Lycopodium 

and Lycopodiella but not for Huperzia. The system introduced 22 informal groups for 

Huperzia; the Huperzia selago (H1) group containing all species of fir-mosses and the 

remaining groups H2-H22 containing all the species of tassel-ferns. The Australian 

tassel-ferns are placed in seven different informal groups, the H. carinata group (H3), 

H. dalhousieana group (H5), H. myrtifolia group (H6), H. hippuris group (H8), H. 

verticillata group (H9), H. phlegmaria group (H12) and the H. squarrosa group 

(H13). The Øllgaard (1987) generic classification was adopted by the Flora of 

Australia (Chinnock 1998) and is widely accepted in regional flora treatments. There 

is still no species level synthesis of all global tassel-fern taxa. 

History of phylogenetic investigation of tassel-ferns, 1992-2011 

Seven phylogenetic studies that included tassel-ferns were published between 1992 

and 2011 (Table 1.2). The first tassel-fern to be included in a phylogenetic study was 

the Neotropical tassel-fern Phlegmariurus taxifolia (Sw.) Á.Löve & D.Löve. This 

widespread species was included in a morphological phylogenetic study of the north-

American Lycopodiaceae that was based on information from 50 non-DNA characters 

(Wagner and Beitel 1992). The tree presented in this study was assembled using 

manual ground-plan divergence principles (Wagner 1962, 1969, 1980, Wagner and 

Beitel 1992). Phlegmariurus taxifolia was inferred to be sister to the Huperzia sensu 
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stricto fir-mosses (Figure 1.4) and this was interpreted as evidence for the validity of 

the genus Phlegmariurus for the epiphytic tassel-ferns and Huperzia for the terrestrial 

fir-mosses (Wagner and Beitel 1992). The phylogenetic study was used to justify a 

taxonomic review of the family that recognised two subfamilies, the Lycopodioideae 

W.H. Wagner & Beitel for Lycopodium and Lycopodiella and the Huperzioideae W.H. 

Wagner & Beitel for Huperzia s.s. and Phlegmariurus. Phylloglossum was not 

included. 

 

Figure 1.4 A phylogram reproduced from the morphological study of Wagner & 
Beitel (1992) showing the subfamilies Lycopodioideae and 
Huperzioideae and the sister relationship of the genera Huperzia s.s. 
and Phlegmariurus. Phylloglossum was not included in this study. 

Table 1.2 The number of tassel-fern species sampled in published phylogenetic 
studies of the Lycopodiaceae. 

Study Total species  Australian 
species 

Data type used 

Wagner and Beitel (1992) 1 0 morphology 
Wikström and Kenrick (1997) 5 0 rbcL 
Wikström et al. (1999) 44 1 trnL-trnF 
Wikström and Kenrick (2000) 9 0 rbcL & trnL-trnF 
Wikström (2001) 44 1 rbcL & trnL-trnF 
Yatsentyuk et al. (2001) 9 0 23s 
Ji et al.  (2008) 16 0 rbcL & psbA-trnH 

Huperzia

Phlegmariurus

Lycopodium

Diphasiastrum

Pseudolycopodiella

Lycopodiella

Palhinaea

Huperzioideae

Lycopodioideae
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The first modern molecular phylogenetic study that examined tassel-ferns was a 

maximum parsimony analysis study of the coding chloroplast DNA locus rbcL of 12 

Lycopodiaceae including five Neotropical tassel-ferns, Huperzia campiana B. Øllg., 

H. cumingii (Nessel) Holub, H. hippuridea (Christ) Holub, H. linifolia (L.) Rothm. 

and H. wilsoni (Underw. & F.E. Lloyd) B. Øllg. pioneered (Wikström and Kenrick 

1997). This pioneering study provided the first molecular evidence of the monophyly 

of the family Lycopodiaceae. Like the Wagner and Beitel (1992) study, Wikström and 

Kenrick (1997) placed the tassel-ferns in a different clade to the terrestrial fir-moss 

Huperzia sensu stricto (e.g. Holub 1964) but did not discuss the systematic 

implications of the paraphyly of Huperzia s.l. (e.g. Øllgaard 1987) as shown in their 

results. This study was the first to show the phylogenetic affinity of the Australian 

Phylloglossum Kunze with the genus Huperzia s.l. (Wikström and Kenrick 1997). 

Previous morphological and systematic interpretations of Phylloglossum had failed to 

provide insight into the origins or affinities of this unique temperate Australian 

Lycopodiaceae. Despite significant advances in our understanding of the group, no 

taxonomic changes were made following this study. 

The first phylogenetic study to include tassel-ferns from the Palaeotropical region was 

that of Wikström et al. (1999) which was based on the phylogenetic exploration of the 

non-coding chloroplast DNA locus trnL-trnF (C-F primers of Taberlet et al. 1991) of 

44 tassel-ferns, with 18 species from the Palaeotropics and one from Australia. It 

showed that the tassel-ferns were divided into discrete Neotropical and Palaeotropical 

clades, provided the first evidence of a single origin of epiphytism and of secondary 

terrestrialisation in the Andes region of the Neotropics, and indicated that homoplasy 

between shoot types was common among tassel-ferns (Wikström et al. 1999). This 

trnL-generated phylogenetic hypothesis was later corroborated by phylogenetic 

analysis of other DNA datasets of a smaller subset of species (Wikström and Kenrick 

2000). Based on the rbcL data, Wikström & Kenrick (2001) published the first dated 

phylogeny including the Lycopodiaceae. They used the non-parametric rate smoothing 

approach of Sanderson (1997) calibrated by fixing the root of the vascular plant clade 

at the Silurian Devonian boundary. This study provided a 270 myo age estimate for 

epiphytism in the Lycopodiaceae (Wikström and Kenrick 2001). 

The phylogenetic arrangement first reported from analyses of the trnL-trnF (C-F) and 

rbcL DNA loci has since been supported by analyses of the chloroplast rDNA genes 
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23S, ITS 2, ITS 3 and ITS 4 for a smaller subset of taxa (Yatsentyuk et al. 2001). The 

most recent phylogenetic study included seven tassel-ferns and compared them with 

the terrestrial fir-moss Huperzia s.s. from the northern Asian region using new 

information from the variable non-coding chloroplast DNA locus trnH-psbA (Ji et al. 

2008). The phylogenetic arrangement outlined above was confirmed and provided 

further evidence that Huperzia s.l. could be paraphyletic (Ji et al. 2008). Despite 

significant advances in the phylogenetic hypothesis for genera of the Lycopodiaceae 

there have been no attempts to create a classification based on monophyletic genera. 

In addition, the monophyly of each of the Australian tassel-ferns species and their 

relationship with non-Australian species remains unknown. 

All of the molecular phylogenetic investigations of tassel-ferns published to date used 

markers from the chloroplast genome and no study has used sequence information 

from the nuclear genome (Ji et al. 2008, Wikström 2001, Wikström and Kenrick 1997, 

Wikström and Kenrick 2000, 2001, Wikström et al. 1999, Yatsentyuk et al. 2001). 

This bias towards the chloroplast genome is common among of studies of 

Lycopodiophytes and Monilophytes, presumably because of problems associated with 

analysing the nuclear genome (Smith et al. 2008). The earliest study outlined above 

reported that mutation rates within the coding, size-restricted rbcL locus were 

conservative and that, although it provided phylogenetic resolution of the major 

Lycopodiaceae clades, it was not variable enough to investigate species-level 

relationships (Wikström and Kenrick 1997). This indicated that while rbcL could be 

an important locus for future investigations of generic concepts within the 

Lycopodiaceae, additional, more variable loci, are needed for species level analyses. 

Subsequent studies used the more variable, non-coding, non-size-restricted loci trnL-

trnF (C-F) and trnH-psbA, which have provided greater species-level resolution (Ji et 

al. 2008, Wikström et al. 1999). Both of these loci are variable and have been 

identified for potential use as DNA barcodes (Kress et al. 2005). Their applicability at 

a species level within the Lycopodiaceae has not yet been fully assessed because 

studies published to date have not included within-species replicates. As a result, the 

ability of these loci to provide species-level resolution among tassel-ferns and the 

monophyly of tassel-fern species has yet to be tested. 

Both maximum parsimony and neighbour joining methods have been used for the 

generation of phylogenetic trees in the molecular analyses of tassel-ferns, and in each 
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of these studies only a single locus was analysed (Ji et al. 2008, Wikström 2001, 

Wikström and Kenrick 1997, Wikström and Kenrick 2000, 2001, Wikström et al. 

1999, Yatsentyuk et al. 2001). The most recent molecular study of the Lycopodiaceae 

used Bayesian inference phylogenetic analysis of chloroplast DNA loci and non-

molecular characters to investigate species relationships within the genus 

Diphasiastrum Holub (Aagaard et al. 2009). No tassel-ferns were included in the 

study, but the phylogenetic approach used is preferred over the studies outlined above 

in that it draws from both molecular and non-molecular datasets, samples within 

species, and combines analysis of molecular and non-molecular datasets with the 

implementation of different evolutionary models to different partitions of the dataset 

(Aagaard et al. 2009, Huelsenbeck and Ronquist 2001, Huelsenbeck et al. 2002, 

Ronquist and Huelsenbeck 2003). 

Species identification and rarity ranking in Australian tassel-ferns  

The rankings of the nine tassel-fern species in conservation legislation in Australia are 

based on taxonomic circumscriptions of species that were not tested using systematic 

evidence and have not been investigated for monophyly (Briggs and Leigh 1992, 

Chinnock 1998, Field and Bostock 2008). There are two types of error in rarity 

assessment that could occur if the taxa being assessed are not monophyletic. If the 

taxon was polyphyletic, a genuinely rare species may not be recognised or ranked 

because it is combined with another convergent but non-rare species under the same 

taxon name. In this case the cryptic species would fail to be assigned conservation 

resources and may decline unnoticed. This type of error has been frequently detected 

among other homosporous groups when taxa are investigated phylogenetically 

(Haufler 2008).  

If the taxon was paraphyletic, the plants not included within the taxon may be 

arbitrarily recognised as rare or endemic when they are in fact a subpopulation of a 

cosmopolitan species that is not rare. In this case the artificial taxon may have 

conservation resources misappropriated to it when they would be better spent 

elsewhere. This type of error is similar to ‘pseudorare’ species which are considered 

threatened in one place but are secure elsewhere (Rabinowitz 1981). This type of error 

is considered likely in homosporous plants that have a capacity for dispersing long 

distances and in which endemism is difficult to determine on morpho-taxonomic 
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grounds (Paris et al. 1989, Tryon 1970, Wolf et al. 2001). The two errors described 

above can be avoided by ensuring that the taxa chosen for conservation ranking are 

monophyletic, i.e. by using a robust phylogenetic approach to their systematic 

analysis. Another reason to employ a phylogenetic approach is that evolutionary rarity 

and distinctiveness of an organism is considered to be an important evaluator of 

conservation value (Crozier 1997, Faith 1992, Moritz 1995). 

Economic exploitation of tassel-ferns 

A potential threat to the survival of tassel-ferns is targeted collecting from the wild for 

personal and commercial use (Chinnock 1998, McAuliffe 2001). Tassel-ferns are 

cultivated worldwide as ornamental plants and in Queensland there is a substantial 

nursery trade in them. Historically the trade in indigenous tassel-ferns was based upon 

plants taken from their natural habitat. The number of plants taken from the wild 

before the industry was regulated is unknown, but qualitative reports suggest that 

collecting had a serious impact on tassel-fern populations in the wild (Chinnock 1998, 

Venn 2002). In 1994 the trade in indigenous tassel-ferns was regulated in Queensland 

to protect wild populations from over-exploitation (Anon. 1992). Today, tassel-fern 

species traded in Queensland must be generated artificially by a licensed propagator 

and must be accompanied by a license tag confirming that they have not been 

harvested from the wild.  

The tassel-ferns present in the Queensland trade are propagated asexually using a 

layering method (McAuliffe 2001, Wee 1979). Although most stages of the sexual 

life-cycle of Huperzia have been reproduced in vitro, the sexual life-cycle has not 

been completed as a propagation method (Whittier 1998, 2006, Whittier and Webster 

1986). Huperzia dalhousieana has never been propagated artificially and is therefore 

prohibited from the regulated trade (Anon. 2010). The regulated tassel-fern trade in 

Queensland is perceived to have alleviated the threat of harvesting of tassel-ferns from 

the wild, and as a by-product is considered to act as an ex situ conservation strategy 

(McAuliffe 2001). One of the inherent problems with this trade is the identification of 

species, in particular the identification of regulated indigenous tassel-fern species from 

non-regulated exotic species (K. Walsh pers. comm., P. Bostock pers. comm.). An 

improved systematic understanding and identification resources for Australian tassel-

ferns would be an aid to their regulation in trade. 
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Another form of targeted collecting is wild-harvest of tassel-ferns to extract 

biopharmaceuticals. In the mid 1980s, the lycopod alkaloid Huperzine A was isolated 

from Huperzia serrata (Thunb. ex Murray) Trevis in China (Ma and Gang 2004, Tang 

1996, Wang et al. 1986). Huperzine A, which inhibits acetyl cholinesterase and has 

potential for reducing the expression of Alzheimer’s Disease (Liu et al. 1986, Tang 

1996, Wang et al. 1986), has been detected in all species of Huperzia s.l. so far 

surveyed, but it has not been detected in other genera of the Lycopodiaceae (Goodger 

et al. 2008, Lim et al. 2009, 2010, Liu et al. 1986). Synthetically produced Huperzine 

A is a racemic mixture of enantiomers that is significantly less active as a 

cholinesterase inhibitor than the single enantiomer extracted from plants (Hanin et al. 

1993, Haudrechy et al. 2000, McKinney et al. 1991, Tang 1996, Zhang et al. 2002a). 

The increased efficacy of plant-extracted Huperzine A, and the low availability of wild 

material suggests there is potential for Huperzia s.l. to be used as an alternative crop to 

produce a natural anti-Alzheimer’s Disease medicine. Wild-harvest for Huperzine A 

represents a potential threat to survival of tassel-ferns until such time that farmed 

sources of high-yielding clones are established. The Huperzine A content of 

Australian tassel-ferns was determined by Goodger et al. (2008) and Lim et al. (2009) 

who reported considerable intra-taxon and inter-individual variability in Huperzine A 

yield. Overall, the Huperzine A content of tassel-ferns is very low, with the highest 

yielding plant, a sample of H. carinata (Desv. ex Poir) Trevis. yielding 1.02 mg g-1 dry 

weight (Goodger et al. 2008). No study of the phylogenetic relationships among high-

yielding Huperzine A species has been published. In addition, high-yielding clones of 

Huperzia s.l. have been inconsistently identified across published studies, probably as 

a result of the current poor circumscription of tassel-fern species diversity.  
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Rationale for this study  

This systematic study of Australian tassel-ferns is designed to improve our 

understanding of the placement of tassel-ferns within the Lycopodiaceae, to test the 

monophyly of the subfamily Huperzioideae and its genera; to develop hypotheses on 

the diversification of tassel-ferns; and test the monophyly, phylogenetic significance 

and relatinionships between the Australian species and those found outside of 

Australia. It is also designed to revaluate the rarity of the Australian tassel-ferns and to 

develop a hypothesis about the cause of rarity and decline of H. dalhousieana. 

The research and analyses are presented in six chapters. Chapter 2 is an exploration of 

the phylogenetic hypothesis of the genera Huperzia and Phlegmariurus and their 

position within the family Lycopodiaceae using mixed-model Bayesian inference 

phylogenetic analysis of cpDNA and non-DNA data matrices. Chapter 3 is an 

investigation of the tassel-ferns in which the phylogenetic hypotheses for the 

Australian species are examined for the first time using mixed-model Bayesian 

inference phylogenetic analysis of cpDNA and non-DNA data matrices. Chapter 4 is a 

taxonomic revision of the Australian tassel-ferns based on the results of Chapter 2 and 

3. Chapter 5 is an analysis of the causes of rarity and decline in the blue-tassel-fern 

based on a large field survey of tassel-fern rarity, recruitment and mortality. Chapter 6 

presents general conclusions and suggestions for future research. 
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Chapter 2  

Phylogenetic analysis of the Australian Lycopodiaceae  

and the generic placement of the tassel-ferns 

 

LEFT: The southern fir-moss Huperzia australiana growing in alpine rock scree near 
Lake Dobson, Mt Field National Park, Tasmania. Note the terrestrial habit, upright 
shoots and bulbils in the axils of sporophylls. 

RIGHT: The common tassel-fern Huperzia phlegmaria s.l. growing from a Drynaria 
rigidula epiphyte on a Heritiera littoralis near Noah Creek, Daintree National Park, 
Queensland. Note the epiphytic habit, pendulous shoots and terminal pendant strobili 
without bulbils. 



24 



 

25 

Chapter 2: Phylogenetic analysis of the Australian Lycopodiaceae and the 

generic placement of the tassel-ferns 

Introduction 

The Lycopodiaceae is a globally distributed family of plants in which the species 

exhibit shoot-forms associated with their habitat. Early classifications of this family 

usually included all of the species, irrespective of their shoot-form, together in the 

large and polymorphic genus Lycopodium L. One exception was the Australian pygmy 

clubmoss Phylloglossum drummondii Kunze which has historically been placed in a 

genus of its own. Multiple genera and subfamilies corresponding with the different 

shoot-forms were recognised following multi-character systematic studies on the 

family (Bruce 1976a, Holub 1964, Øllgaard 1975, 1979, 1987, 1989a, Wilce 1972).  

There are currently several competing classifications of the family (Table 2.1), with 

the most widely adopted and nomenclaturally complete classification being that of 

Øllgaard (1987). Øllgaard’s classification recognises four genera, Lycopodium L., 

Lycopodiella Holub, Phylloglossum Kunze and Huperzia Bernh., and in this 

classification the epiphytic tassel-ferns are placed with the terrestrial fir-mosses in the 

genus Huperzia s.l. (Øllgaard 1987). In lieu of a formal infrageneric classification, 

Øllgaard (1987) classified the diversity of Huperzia s.l. into 22 informal groups. The 

first group (H1) included the predominantly northern hemisphere temperate terrestrial 

fir-mosses of which there are only two species in Australia (Øllgaard 1987). This 

group was later formalised in the subgenus Huperzia (Holub 1991). The remaining 

groups (H2-H22) included the pendant epiphytic tropical and southern hemisphere 

tassel-fern species and the unique secondary terrestrials of the Andes (Øllgaard 1987, 

Wikström et al. 1999). Species belonging to groups H2-H22 were later placed in the 

subgenus Subselago Holub (Holub 1991). Alternative classifications recognise two 

families, the Lycopodiaceae and Huperziaceae (Rothmaler 1962), or two subfamilies, 

the Lycopodioideae and Huperzoideae (Wagner and Beitel 1992), as well as up to 

thirteen genera, including a separate genus for the tassel-ferns  (Holub 1964, 1985, 

Holub 1991). 

A separate genus, Phlegmariurus Holub, for tassel-ferns was first recognised in the 

multi-genus classification of Holub (1964). It was introduced in a narrow sense to 

accommodate the epiphytic species with sharply heterophyllous pendant shoots and 
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was named Phlegmariurus Holub after the type species Phlegmariurus phlegmaria 

(L.) T.Sen & U.Sen. This genus was not recognised by Øllgaard (1987) and was later 

discarded by the original author when he reviewed his generic classification (Holub 

1991). Phlegmariurus was discarded because of insufficient or conflicting evidence to 

support its monophyly (Holub 1985, Holub 1991, Øllgaard 1987). Phlegmariurus was 

retained in studies of the Lycopodiaceae classification of the Flora of North-America 

(Wagner and Beitel 1992) and the Flora of China (Zhang and Kung 1998). However, 

Phlegmariurus was not adopted for the Flora of Australia (Chinnock 1998), the 

regional floras of Panama and Venezuela (Lellinger 1989, Øllgaard 1995) nor in most 

other contemporary reviews, which instead adopt the broadly circumscribed and 

polymorphic Huperzia sensu Øllgaard (1987). 

Table 2.1 Alternative generic classifications for the family Lycopodiaceae 
showing the placement of the tassel-ferns. The classification used in the 
Flora of Australia (Chinnock 1998) follows Øllgaard (1987). 

Common 
name 

Baker (1887) Holub (1964) Øllgaard 
(1987) 

Wagner & 
Beitel (1992) 

Club-mosses Lycopodium Lycopodium 
Diphasiastrum 

Palhinea 

Lycopodium Lycopodium 

Ground-pines Lycopodium Lycopodiella Lycopodiella Lycopodiella 

Pygmy club-
moss 

Phylloglossum Phylloglossum Phylloglossum not sampled 

Fir-mosses Lycopodium Huperzia Huperzia Huperzia 
Tassel-ferns Lycopodium Phlegmariurus Huperzia Phlegmariurus 

Molecular phylogenetic studies based on maximum parsimony analysis of individual 

chloroplast loci have provided preliminary evidence that the polymorphic Huperzia 

s.l. of the Øllgaard (1987) classification may not be monophyletic (Ji et al. 2008, 

Wikström and Kenrick 1997, Wikström and Kenrick 2000, 2001, Wikström et al. 

1999, Yatsentyuk et al. 2001). Similarly, the only morphological phylogeny of the 

group presented to date segregated Huperzia s.l. into two genera Huperzia s.s. and 

Phlegmariurus Holub (Wagner and Beitel 1992). To date, no phylogenetic 

investigation of generic concepts in the Lycopodiaceae has included both DNA 

sequence and non-DNA characters together in the same study. Many non-DNA 
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characters used in the classification of the Lycopodiaceae are inherently difficult to 

obtain from preserved material, but recently, several important new non-DNA 

characters have been reported, in particular the gametophytes of Phylloglossum 

(Whittier 2006, Whittier and Braggins 2000, Whittier and Storchova 2007) and the 

huperzine alkaloids of a broad spectrum of Lycopodiaceae (Goodger et al. 2008, Lim 

et al. 2009, 2010). Modern techniques for phylogenetic analyses such as Bayesian 

inference phylogenetic analysis permit the inclusion of DNA and non-DNA characters 

in combined analyses (Douady et al. 2003, Huelsenbeck and Ronquist 2001, 

Huelsenbeck et al. 2002).  

This study investigates the monophyly of the Lycopodiaceae subfamilies 

Lycopodioideae and Huperzioideae sensu Wagner & Beitel (1992) and the generic 

concepts of the Huperzioid genera Huperzia Bernh., Phlegmariurus Holub and 

Phylloglossum Kunze using mixed-model Bayesian inference phylogenetic analysis of 

DNA and non-DNA characters. It also investigates if already published DNA-based 

phylogenetic hypotheses are corroborated by analysis of new DNA and non-DNA 

datasets. 
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Materials and Methods (for Chapters 2 and 3) 

Taxon sampling 

One-hundred and seventy-five species and 215 collections of Lycopodiaceae were 

included in this study (Table 2.2 includes voucher details). Representatives were 

sampled from all genera of the Lycopodiaceae sensu Øllgaard (1987) and from a 

selection of Selaginellaceae and Isoetaceae as outgroup taxa. No fresh material of 

Phylloglossum drummondii could be obtained, despite searches in Tasmania, Victoria 

and SW Western Australia and therefore only GenBank accessions were available for 

this taxon. Tassel-ferns were sampled from all regions of the world where significant 

diversity has been recorded based on the list of taxonomically valid species reported 

by Øllgaard (1989) and Hassler & Swale (2003). Species from Australia were 

identified sensu Chinnock (1998), species from Fiji were identified sensu Brownlie 

(1970) and species from Madagascar were identified sensu Tardieu-Blot (1970) but 

accepting the generic realignments made by Holub (1991). Species from the Asian, 

Malesian and Melanesian regions were difficult to identify at species level because no 

recent taxonomic revision of species from this region was available. Where possible 

these plants were identified by comparison with original descriptions and type 

materials but the boundaries between species were often found to be poorly defined in 

the literature (e.g. Nessel 1939) and some collections could not be identified. Species 

from the Neotropics were identified sensu Øllgaard (1992). Identifications of 

sequences obtained from GenBank were checked against herbarium vouchers where 

possible. Five specimens were sampled from each of the Australian species of 

Huperzia s.l. DNA samples, a herbarium voucher and sample for propagation were 

collected by hand for terrestrial species or by use of a pruning pole or single rope 

climbing technique for high canopy epiphytes. Queensland collections were made 

pursuant to the conditions of Queensland Government Environmental Protection 

Agency collecting permits WITK01792704 and WISP02106304. Tasmanian 

collections were made pursuant to the conditions of the Tasmanian Department of 

Primary Industries, Water and Environment collecting permit FL06954. Living 

collections from overseas were imported pursuant to the conditions of the Australian 

Quarantine Inspection Service import permit 200511271 and were quarantined at 

Liddle’s Quarantine Approved Premises at Mareeba.  
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Table 2.2 Collection and accession data for all 215 accessions of all Huperzia s.l. 
(96 spp.), Lycopodiella (6 spp.), 16 Lycopodium (16 spp.), 
Phylloglossum (1 spp.), Isoetes (3 spp.) and Selaginella (3 spp.) 
sampled for phylogenetic analysis for Chapter 2 and 3. Nomenclatural 
abbreviations follow International Plant Names Index and herbarium 
acronyms follow Index Herbariorum. Data is presented as follows: 
Genus species Authority: COUNTRY: Minor locality, State, Collector 
Number (Herbarium: accession number) [locus:genbank accession 
number].  

Huperzia appressa (Desv.) Á.Löve & D.Löve: CHINA: Mt. Changbai, Jilin, S.L. Pan 
WJ0409048 (SHMU) [rbcL:DQ464220, psbA:DQ464203]. 
Huperzia attenuata (Spring) Rothm.: N.Wikström 300 (S) [trnL:AJ224573]. 
Huperzia australiana (Herter) Holub: AUSTRALIA: near Lake Fenton, Mt Field 
NP, A.R.Field, & al. 1041 (BRI) [rbcL, trnL, psbA:JQ520368, aCCD, non-DNA].  
NEW ZEALAND: L.R.Perrie 2975 (WELT) [rbcL:EF469943]; Glenny 8917 (WELT 
as 'selago') [rbcL:DQ026593]. 
Huperzia balansae (Herter) Holub: NEW CALEDONIA: Mt Koghi, N.Wikström 
243 (S) [trnL:AJ224553]. 
Huperzia brassii (Copel.) Holub: PAPUA NEW GUINEA: A.R.Field & al. 34 (BRI) 
[non-DNA]; A.R.Field & al. 89 (BRI) [trnL, psbA: JQ520372, non-DNA].  
Huperzia billardieri (Spring) Trevis.: NEW ZEALAND: track to Huntley Falls, 
Fjordland NP, N.Wikström 259 (S) [rbcL:AJ133894, trnL:AJ224564]. 
Huperzia campiana B.Øllg.: ECUADOR: B.Øllgaard 100612 (AAU) [rbcL:X98282, 
trnL:AJ224586]. 
Huperzia capellae (Herter) Holub: B.Øllgaard 100835 (AAU) [trnL:AJ224570]. 
Huperzia carinata (Desv. ex Poir.) Trevis.: CHINA: S.L.Pan WJ207129 (SHMU) 
[rbcL: DQ464229, psbA: DQ464213]; PS6007MT01 (IMPLAD) [psbA:GU592495]. 
MALAYSIA: Gunung Belamut, Johor, A.R.Field & al. 2701 (BRI) [non-DNA]; 
Sabah, A.R.Field & al. 2708 (BRI) [non-DNA]; Sarawak, A.R.Field & al. 2749 (BRI) 
[non-DNA]. NEW BRITTAIN: Kulu Dagi, G.Kenning & D.J.Liddle s.n. = A.R.Field 
& al. 769 (BRI) [psbA]. SOLOMON ISLANDS: NW of Tinomeat Village P.I.Forster 
& D.J.Liddle 8733 (BRI:513777) = A.R.Field & al. 604 [trnL, psbA:JQ520364, 
aCCD, non-DNA]. AUSTRALIA: McIlwraith Range, Queensland, A.R.Field & al. 
969 (BRI) [trnL:JQ679090, psbA:JQ520363, aCCD, non-DNA]; Top Peach Creek, 
McIlwraith Range, Queensland, A.R.Field & al. 971 (BRI) [psbA]; Leo Creek Road, 
McIlwraith Range, Queensland, A.R.Field & al. 973 (BRI) [trnL, psbA]; South Pap, 
Iron Range, Queensland, A.R.Field & al. 3182 (BRI) [trnL, non-DNA]. 
Huperzia cf. carinata (Desv. ex Poir.) Trevis.: PHILIPPINES: A.R.Field & al. 603 
(BRI) [trnL, psbA:JQ520373, aCCD, non-DNA]. 
Huperzia crassa (Humb. & Bonpl. ex Willd.) Rothm.: ECUADOR: B.Øllgaard 
100832 (AAU) [trnL:AJ224572]. 
Huperzia crispata (Ching) Ching: CHINA: Mt. Xuefeng, Hunan, S.L. Pan 
WJ0509023 (SHMU) [rbcL:DQ464221, psbA:DQ464204].  
Huperzia cryptomerina (Maxim) R.D.Dixit: JAPAN: (TNS:763172) 
[rbcL:AB574628, psbA:AB575305]. 
Huperzia cumingii (Nessel) Holub: ECUADOR: B.Øllgaard 100836 (AAU) 
[rbcL:Y07930, trnL:AJ224578]. 
Huperzia compacta (Hook.) Trevis: ECUADOR: Quenca-Ona Road, Azuay, 
N.Wikström 271 (S) [trnL:AJ224571].  
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Huperzia dacrydioides (Baker) Pic.Serm.: MADAGASCAR: S.Mantelow 91452 
(UPS) [trnL:AJ224562]. 
Huperzia dalhousieana (Spring) Trevis.: AUSTRALIA: North Kennedy district, 
Queensland A.R.Field & al. 110 (BRI) [trnL, psbA, aCCD, non-DNA]; Cook district, 
Queensland, A.R.Field & H.R.Field 766 (BRI) [trnL, psbA:JG520367, aCCD, non-
DNA]; Cook district, Queensland, A.R.Field & H.R.Field 767 (BRI) [trnL]; Cook 
distict, Queensland, A.R.Field & H.R.Field 975 (BRI) [trnL, psbA, aCCD, non-DNA]. 
Huperzia dichaeoides (Maxon) Holub: PANAMA: San Blas, J.Aranda & J. Holtum 
s.n. = A.R.Field 2460 (BRI) [trnL, psbA:JQ663815, aCCD, non-DNA]. 
Huperzia dichotoma (Jacq.) Trevis.: MEXICO: Oaxaca, G.Wrinkle s.n. = A.R.Field 
2788 (BRI) [trnL, psbA:JQ663808, aCCD, non-DNA]. ECUADOR: U.& E.Eliason 
538 (S) [trnL:AJ224567]. 
Huperzia elmeri (Herter) Holub: PHILIPPINES: A.R.Field & al. 816 (BRI) [trnL]; 
A.R.Field & al. 1096 (BRI) [trnL, psbA:JQ663836, aCCD, non-DNA]. MALAYSIA: 
Sabah, A.R.Field & al. 709 (BRI) [trnL, psbA:JQ663813, aCCD, non-DNA]. 
Huperzia emeiensis (Ching & H.S.Kung) Ching & H.S.Kung: CHINA: S.L.Pan 
WJ409023 (SHMU) [rbcL:DQ464222, psbA:DQ464205].  
Huperzia ericifolia (C.Presl) Holub: N.Wikström 286 (S) [trnL:AJ224587]. 
Huperzia eversa (Poiret) B.Øllg.: ECUADOR: B.Øllgaard 100620 (AAU) 
[trnL:AJ224579]; Loja, H.van der Werff & al. 19606 (MO) [trnL, psbA, aCCD, non-
DNA]. 
Huperzia fargesii (Herter) Holub: JAPAN: Yahara & al. 398 (TNS) [rbcL: 
AB574629, psbA:AB575306]. CHINA: S.L.Pan WJ404031 (SHMU) 
[rbcL:DQ464230]. 
Huperzia filiformis (Sw.) Holub: AUSTRALIA: tributary of north-Mary Creek, Mt 
Lewis Tableland, Queensland A.R.Field & H.R.Field 827 (BRI) [trnL, psbA, aCCD, 
non-DNA]; Mt Lewis Tableland, Queensland A.R.Field & H.R.Field 1027 (BRI) 
[trnL, psbA, non-DNA]; Mt Lewis Tableland, Queensland A.R.Field & H.R.Field 
1029 (BRI) [trnL, psbA, non-DNA]; Kanawarra, Mt Carbine Tableland, B.Gray 8868 
(QRS) = A.R.Field & al. 135 [trnL]. 
Huperzia foliosa (Copel.) Holub: FIJI: A.R.Field & al. 19 (BRI) [trnL, psbA, aCCD, 
non-DNA]. 
Huperzia fordii (Baker) R.D.Dixit: JAPAN: (TNS:763058) [rbcL:AB574630, 
psbA:AB575307]. CHINA: S.L.Pan WJ207151 (SHMU) [rbcL:DQ464231]. G.Thor 
12871 (S) [trnL:AJ224548]. 
Huperzia funiformis (Cham. ex Spring) Rothm.: PANAMA: El Cope, J.Arana &  
J.A.M.Holtum s.n. = A.R.Field & al. 2395 (BRI) [trnL, psbA:JQ663832, aCCD, non-
DNA]; Asplund 19290 (S) [trnL:AJ224560]. 
Huperzia goebelii (Nessel) Holub: MALAYSIA: S.L.Pan MLB3001 (SHMU as 
'phyllantha') [rbcL:DQ464234, psbA]; near Tenom, Sabah, A.R.Field & B.Gray 796 
(BRI) [psbA]; near Lata Iskandar, Perak, A.R.Field & B.Gray 2742 (BRI) 
[psbA:JQ663843]. 
Huperzia hamiltonii (Spreng.) Trevis.: BURMA: D.J.Liddle s.n. = A.R.Field & al. 
851 (BRI) [psbA:JQ663840]. 
Huperzia heteroclita (Desv.) Holub: ECUADOR: Podocarpus NP, Loja, N.Wikström 
283 (S) [trnL:AJ224588]. 
Huperzia hippuridea (Christ) Holub: ECUADOR: B.Øllgaard 100619 (AAU) 
[rbcL:Y07931, trnL:AJ224566]. 
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Huperzia hippuris (Desv. ex Poiret) Trevis.: INDONESIA: Gunung Tuja, Kerinchi-
Seblat NP, South Sumatra, N.Wikström & al. 157 (S) [rbcL:AJ133895, 
trnL:AJ224550]. 
Huperzia holstii (Hieron.) Pichi-Serm.: Madagascar, S.Mantelow 91163 (UPS) 
[trnL:AJ224563]. 
Huperzia horizontalis (Herter ex Nessel) Holub: INDONESIA: Ceram, South 
Moluccas, H.-E.Waantorp s.n. (S) [trnL:AJ224559]. 
Huperzia hunanensis S.L.Pan & J.Wang: CHINA: S.L.Pan HHX0002 (SHMU) 
[rbcL:DQ464223, psbA:DQ464206]. 
Huperzia hystrix (Herter) Holub: ECUADOR, Carchi, road Tulcan-Maldanado, 
N.Wikström 294 (S) [trnL:AJ224574]. 
Huperzia kandavuensis (Nessel) Holub: FIJI: Mt Victoria, Viti Levu R.Hilder sn. = 
A.R.Field & al. 632 (BRI) [trnL, psbA:JQ663837, aCCD, non-DNA] 
Huperzia lauterbachii (E.Pritz.) Holub: NEW BRITTAIN: NW of Kulu Dagi, 
A.R.Field & al. 770 (BRI) [trnL, psbA, aCCD, non-DNA]. 
Huperzia ledermannii (Herter) Holub: AUSTRALIA: Mossman River, Queensland, 
A.R.Field & H.R.Field 720 (BRI) [trnL]; Upper Mossman Gorge, Queensland, 
A.R.Field & al. 3061 (CNS) [trnL];Babinda Boulders, Queensland, A.R.Field & al 627 
(BRI) [trnL]; Learmouth Creek, Palmerston, Queensland, A.R.Field & H.R.Field 1001 
(BRI) [trnL, psbA:JQ663816, aCCD, non-DNA]; Learmouth Creek, Palmerston, 
Queensland, A.R.Field & H.R.Field 1002 (BRI) [trnL]. 
Huperzia lindenii (Spring) Rothm.: B.Øllgaard 100831 (AAU) ]trnL:AJ224585]. 
Huperzia linifolia (L.) Rothm.: ECUADOR: S.Dalstrom & al. 1928 (UPS) 
[rbcL:Y07932, trnL:AJ224569]; Zamora-Chinchipe, Cordillera del Condor, H.van der 
Werff & al. 19390 (MO) [psbA:JQ663821, aCCD, non-DNA]. 
Huperzia lockyeri (D.Jones & B.Gray) Holub: AUSTRALIA: saddle between Half-
Tonn Creek and South Mossman River, Mt Lewis Tableland, Queensland A.R.Field & 
H.R.Field 825 (BRI) [trnL]; upper tributary of South Mossman River, Mt Lewis 
Tableland, Queensland, A.R.Field & H.R.Field 1025 (BRI) [trnL, psbA:JQ663828, 
aCCD, non-DNA]. 
Huperzia lucidula (Michx.) Trevis.: T.Eriksson 664 (GH) [trnL:AJ224591, 
AJ224591]. 
Huperzia marsupiiformis (D.Jones & B.Gray) Holub: AUSTRALIA: Mt Lewis 
Tableland, Queensland, B.Gray & al. 8801 (QRS:126120) = A.R.Field & al. 94 [trnL, 
psbA]; road from Mt Lewis to Mt Carbine, Queensland, A.R.Field & H.R.Field 821 
(BRI) [trnL, psbA]; Half-Tonn Creek, Mt Lewis Tableland, Queensland, A.R.Field & 
H.R.Field 1019 (BRI) [trnL]; Half-Tonn Creek, Mt Lewis Tableland, Queensland, 
A.R.Field & H.R.Field 1023 (BRI) [trnL, psbA:JQ663810, aCCD, non-DNA]. 
Huperzia megastachya (Baker) Tard.: MADAGASCAR: Ranomafana, Fianarantsoa 
H.van der Werff  & al. (MO) = A.R.Field & al. 804 (ARF) [trnL:JQ663833, 
psbA:JQ663833, aCCD, non-DNA]. 
Huperzia mingcheensis (Ching) Holub: CHINA: S.L.Pan WJ112127 (SHMU) 
[rbcL:DQ464232]. 
Huperzia miyoshiana (Makino) Ching: JAPAN: (TNS:765256) [rbcL:AB574632]. 
CHINA: S.L.Pan WJ409101 (SHMU) [rbcL:DQ464225, psbA: DQ464208]. 
Huperzia nanchuanensis (Ching & H.S.Kung) Ching & H.S.Kung: CHINA: 
S.L.Pan WJ408011 (SHMU) [rbcL:DQ464226, psbA: DQ464209]. 
Huperzia nummulariifolia (Blume) Jermy: INDONESIA: Lore Lindu NP, Central 
Sulawesi, N.Wikström 166 (S) [trnL:AJ224552]. PAPUA NEW GUINEA: near Bundi 
Mission, Madang Province, P.I.Forster & D.J.Liddle 10979 (BRI:5495140) = 
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A.R.Field & al. 1122 [trnL, psbA:JQ663824, aCCD, non-DNA]; Haia Sera Crater, 
Simbu Province, M.Supuma 15 (BRI) [psbA]. 
Huperzia cf. nummulariifolia (Blume) Jermy: VANUATU: Efate, M.A.Clements 
5640 (CBG:8916282) = A.R.Field & al. 1140 (BRI) [trnL, psbA:JQ520366, non-
DNA]. 
Huperzia ophioglossoides (Lam.) Rothm.: S.Manktelow 91135 (UPS) 
[trnL:AJ224590]. 
Huperzia petiolata (Clarke) R.D.Dixit: CHINA: S.L.Pan WJ107181 (SHMU) 
[rbcL:DQ464233, psbA:DQ464217]. 
Huperzia phlegmaria (L.) Rothm.: (TNS:763399) [rbcL:AB574635]. THAILAND: 
Chiang Mai, R.Hilder s.n. = A.R.Field 2692 (BRI) [non-DNA].  MALAYSIA: cult. 
ex. Gunung Belumut, Johor, A.R.Field & al. 2702 (BRI) [trnL]; near Sook, 
Kenningau, A.R.Field & B.Gray 785 (BRI) [psbA:JQ520371]. INDONESIA: Mt Gede 
NP, West Java, N.Wikström 160 (S) [trnL:AJ224558]. 
Huperzia cf. phlegmaria A 'Queensland Gold-Tip': NEW BRITTAIN: near Kulu 
Dagi, G.Kenning & D.J.Liddle s.n. = A.R.Field & al. 771 (BRI) [psbA:JQ520369]. 
Huperzia cf. phlegmaria B 'Queensland Black-Stem' = Huperzia ledermannii (Herter) 
Holub.  
Huperzia cf. phlegmaria C 'Queensland Coarse': INDONESIA: A.R.Field & al. 
2748 (BRI) [trnL]. AUSTRALIA: between top Peach Creek and Forest Pocket, 
McIlwraith Range, Queensland, A.R.Field & H.R.Field 971 & 972 (BRI) [trnL, psbA]; 
Alexandra Range, Daintree, A.R.Field & al. 1007 (BRI) [psbA:JQ520365]; Rex 
Creek, Mossman Gorge, Queensland A.R.Field & al. 717 (BRI) [trnL, 
psbA:JQ520374, aCCD, non-DNA]; Mossman River, Mossman Gorge, Queensland 
A.R.Field & al. 720 (BRI) [trnL]; Tchupala Falls, Palmerston Queensland, A.R.Field 
& H.R.Field 2337 (psbA). 
Huperzia cf. phlegmaria D 'Philippine Coarse' = H. elmeri (Herter) Holub.  
Huperzia cf. phlegmaria E 'Philippine Fine Black-Stem' = H. banayanica (Herter) 
Holub. 
Huperzia cf. phlegmaria F 'Borneo Black-Stem': MALAYSIA: ex Sabah, A.R.Field 
& al. 52 (BRI) [non-DNA]; Sabah, A.R.Field & B.Gray 2718 (BRI) [non-DNA]; 
Sabah, A.R.Field & B.Gray 784 (BRI) [psbA:JQ663826]. 
Huperzia cf. phlegmaria G: NEW CALEDONIA: Sarramea, N.Wikström 237 (S) 
[trnL:AJ224555]. 
Huperzia cf. phlegmaria H: COOK ISLANDS: Te Manga Track, F.Brook s.n. 
(WELT) [psbA:JQ520375]. 
Huperzia cf. phlegmaria I: MALAYSIA: Sarawak, A.R.Field & W.-H.Lim 2703 
(CNS) [psbA:JQ520370]. 
Huperzia cf. phlegmaria J 'New Guinea Black-Stem': Madang Province, M.Mason 
s.n. = A.R.Field & al. 700 (BRI) [non-DNA]. 
Huperzia phlegmarioides (Gaudich.) Rothm.: AUSTRALIA: tributary of Bailey 
Creek, Daintree, Queensland A.R.Field & H.R.Field 762 (BRI) [trnL, psbA]; tributary 
of Bailey Creek, Daintree, Queensland A.R.Field & H.R.Field 763 (BRI) [trnL, psbA]; 
tributary of Bailey Creek, Cow Bay, Daintree, Queensland, A.R.Field & al. 1004 
(BRI) [psbA]; tributary of Bailey Creek, Cow Bay, Daintree, Queensland, A.R.Field & 
al. 1005 (BRI) [psbA:JQ663838]. NEW CALEDONIA: track from Tao village to 
Mount Painie, N.Wikström & al. 238 (S) [rbcL:AJ133896, trnL:AJ224554]. 
Huperzia cf. phlegmarioides (Gaudich.) Rothm. 'Layered Black-Stem': 
AUSTRALIA: ex cult. upper Tully River, A.R.Field & al. 886 (BRI) [trnL, 
psbA:JQ663841, aCCD, non-DNA]. 
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Huperzia cf. phlegmarioides (Gaudich.) Rothm. 'Fiji Layered' = Huperzia 
kandavuensis (Nessel) Holub. 
Huperzia polydactyla B.Øllg.: B.Øllgaard 100834 (AAU) [trnL:AJ224575]. 
Huperzia prolifera (Blume) Chambers: INDONESIA: Mount Gede NP, W Java, 
N.Wikström 161 (S) [trnL:AJ224547]. 
Huperzia reflexa (Lam.) Trevis.: ECUADOR: B.Øllgaard 100617 (AAU) 
[trnL:AJ224581]. S.Dalstroem et al. 1824 (S) [trnL:AJ224580]; Zamora-Chinchipe, 
Cordillera del Condor, H.van der Werff & al. 18978 (MO) [psbA:JQ663825, aCCD, 
non-DNA]. 
Huperzia rosenstockiana (Herter) Holub: ECUADOR: Prov. Canar, J.Branbyge 
42178 (S) [trnL:AJ224583]. 
Huperzia rufescens (Hook) Trevis.: B.Øllgaard 100833 (AAU) [trnL:AJ224576]. 
Huperzia salvinioides (Herter) Holub: PHILIPPINES: A.R.Field & al. 701 (BRI) 
[trnL]. MALAYSIA: A.R.Field & al. 51 (BRI) [trnL, psbA:JQ663819, aCCD, non-
DNA]. 
Huperzia cf. salvinioides (Herter) Holub: MALAYSIA: ex cult. Mt Kinabalu, Sabah, 
A.R.Field & B.Gray 2717 (BRI) [trnL]. 
Huperzia sarmentosa (Spring) Trevis.: B.Øllgaard 100816 (AAU) [trnL:AJ224584]. 
Huperzia schlecteri (E.Pritz.) Holub: NEW CALEDONIA: Mt Koghi, P.D.Ziesing 
& al. 63 (CBG) A.R.Field & al. 758 (BRI) [trnL, psbA:JQ663823, aCCD, non-DNA]. 
Huperzia selago (L.) Bernh. ex Schrank & Mart.: JAPAN: (TNS:7658130) 
[rbcL:AB574636]. CHINA: S.L.Pan WJ409041 (SHMU) [rbcL:DQ464227]. 
N.Wisktrom 36 (S) [rbcL:Y07934, trnL:AJ224592, psbA: DQ464210]. 
Huperzia serrata (Thunb. ex Murray) Trevis.: JAPAN: (TNS:763064) 
[rbcL:AB574637]. CHINA: S.L.Pan WJ408261 (SHMU) [rbcL:DQ464228, 
psbA:DQ464211]. MALAYSIA: Sabah, A.R.Field & B.Gray 2815 (BRI) [trnL, psbA, 
aCCD, non-DNA]. 
Huperzia sieboldii (Miq.) Holub var. sieboldii: JAPAN: (TNS:763308) 
[rbcL:AB574638, psbA:AB575314]; M.Tabata s.n. (TNS) [trnL:AJ224549]. 
Huperzia sieboldii (Miq.) Holub var. christenseniana (Christ & Herter) Nakaike: 
JAPAN: Yahara & al. 0176 (TNS) [rbcL:AB574639, psbA:AB575315]. 
Huperzia somae (Hayata) Ching: (TNS:776522) [rbcL:AB574640, 
psbA:AB575316]. 
Huperzia sp. 'Finnesterre Range': PAPUA NEW GUINEA: Finnesterre Range, 
M.A.Clements 6051 (CANB:9010034) = A.R.Field & al. 714 [trnL, psbA:JQ663835]. 
Karkar Island, Madang Province, M.A.Clements 5980 (CBG:9009972) = A.R.Field & 
al. 1129 [psbA:JQ663829]. 
Huperzia sp. 'Herowana': PAPUA NEW GUINEA: Herowana, Eastern Highlands 
Province, M.Supuma 13 (CNS) [psbALJQ663810]. 
Huperzia squarrosa (G.Forst.) Trevis.: CHINA: S.L.Pan WJ207111 (SHMU) 
[rbcL:DQ464235, psbA: DQ464219]. MALAYSIA: Gunung Mulu NP, Sarawak, 
N.Wikström & al. 143 (S) [trnL:AJ224557]; Kinabalu, Sabah, A.R.Field & B.Gray 792 
(CNS) [psbA:JQ667830]. AUSTRALIA: Rex Creek, Mossman Gorge, Queensland, 
A.R.Field & al. 718 (BRI) [trnL, psbA, aCCD, non-DNA]; Mossman Gorge, 
Queensland, A.R.Field & al. 747 (BRI) [trnL, psbA]; Mossman River, Mossman 
Gorge, Queensland, A.R.Field & al. 748 (BRI) [trnL, psbA:JQ663827, aCCD, non-
DNA]; Mossman Gorge, Queensland, A.R.Field & al. 751 (BRI) [trnL, psbA]; 
Mossman Gorge, Queensland, A.R.Field & al.  753 (BRI) [trnL, psbA]; COOK 
ISLANDS: Te Kou, F.Brook s.n. (WELT) = A.R.Field 2566 [trnL, psbA:JQ663809, 
aCCD, non-DNA]. 
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Huperzia subulata (Desv.) Holub: B.Øllgaard 100618 (AAU) [trnL:AJ224589]. 
Huperzia sutchueniana (Herter) Ching: CHINA: Mt Xuefeng, Hunan, S.L.Pan 
JSG0504192 (SHMU) [psbA:DQ464212]. 
Huperzia tardieuae (Herter) Holub: MADAGASCAR: Toamasina, Amanizana, H. 
van der Werff & al. 12764 (MO, QRS:102956) = A.R.Field & al. 706 (BRI) [trnL, 
psbA:JQ663812, aCCD, non-DNA]. 
Huperzia tauri (Herter) Holub: INDONESIA: trail from Kota Baru to Gunung 
Merapi, West Sumatra, N.Wikström & al. 151 (S) [trnL:AJ224556]. 
Huperzia tenuis (Humb. & Bonpl. ex Willd.) Rothm.: ECUADOR: B.Øllgaard 
100817 (AAU) [trnL:AJ224568]. 
Huperzia tetragona (Hook. & Grev.) Rothm.: N.Wikström 301 (S) [trnL:AJ224577]. 
Huperzia tetrasticha (Kunze ex Alderw.) Holub: PAPUA NEW GUINEA: ex cult. 
North Coast Logging Area, Madang Province, A.R.Field & al. 815a & 815b (BRI) 
[trnL, psbA:JQ663842, aCCD, non-DNA]. 
Huperzia tetrastichoides A.R.Field & Bostock: AUSTRALIA: Mossman Gorge, 
Daintree Queensland, A.R.Field & H.R.Field 750 (BRI) [trnL, psbA]; Half-Tonn 
Creek, Mt Lewis Tableland, A.R.Field & H.R.Field 822 (BRI) [trnL, psbA]; saddle on 
upper South Mossman River, Mt Lewis Tableland, Queensland, A.R.Field & 
H.R.Field 826 (BRI) [trnL, psbA]; Half-Tonn Creek, Mt Lewis Tableland, 
Queensland, A.R.Field & H.R.Field 1018 (BRI) [trnL, psbA:JQ663834, aCCD, non-
DNA]; Half-Tonn Creek, Mt Lewis Tableland, Queensland, A.R.Field & H.R.Field 
1020 (BRI) [trnL]; Bell Peak, Malbon Thompson Range, Queensland, R.L.Jago 4047 
(BRI) [trnL:AJ224551 as 'lockyeri']. Millaa Millaa Falls, Queensland, A.R.Field & 
O.Rawlins 1139 (BRI) [trnL, psbA]. 
Huperzia trifoliata (Copel.) Holub: FIJI: Viti Levu, R.Hilder s.n. = A.R.Field & al. 
984 (BRI) [psbA:JQ663814]; Viti Levu, C.Goudey s.n. = A.R.Field & al. 701 (BRI) 
[non-DNA]. 
Huperzia unguiculata B.Øllg.: N.Wikström 264 (S) [trnL:AJ224582]. 
Huperzia varia (R.Br.) Trevis.: AUSTRALIA: South Bald Rock, Giraween NP, 
Queensland, A.R.Field & al. 2500 (BRI) [trnL, psbA]; Mt Field NP, Tasmania, 
A.R.Field & al. 1040 (BRI) [trnL, psbA, aCCD, non-DNA]; Mt Mangana, South 
Bruny Island, Tasmania, A.R.Field & H.R.Field 1043 (BRI) [rbcL:JQ679089, 
trnL:JQ679089, psbA:JQ679381, aCCD, non-DNA]. 
Huperzia verticillata (L.f.) Rothm.: INDONESIA: Kerinchi-Seblat NP, South 
Sumatra, N.Wikström & al. 156  (S) [rbcL: AJ133897, trnL:AJ224561]. 
Huperzia wilsonii (Underw. & F.E.Lloyd) B.Øllg.: ECUADOR: B.Øllgaard & al. 
100611 (AAU) [rbcL:Y07933]. 
Isoetes australis R.S.Williams: Taylor 6376 [rbcL:DQ294239]. 
Isoetes coromandelina L.f.: Srivastava s.n. [rbcL:DQ294242]. 
Isoetes drummondii A.Braun: Hoot s.n. [rbcL:DQ294243]. 
Lycopodiella alopecuroides (L.) Cranfill: B.Øllgaard 100822 (AAU) 
[trnL:AJ224604, trnL:AJ224565]. 
Lycopodiella caroliniana (L.) Pichi-Serm.: JAPAN: (TNS:743681) 
[rbcL:AB574623]. 
Lycopodiella cernua L. (Pichi-Serm.): JAPAN: (TNS:759265) [rbcL:574625]. 
CHINA: (IMPAD:PS1296MT02) [psbA:GQ435340]. MALAYSIA: Gunung Mulu 
NP, Sarawak, N.Wikström & al. 144 (S) [trnL:AJ224608]. 
Lycopodiella glaucescens (C.Presl) B.Øllg.: B.Øllgaard 100602a (AAU) 
[rbcL:AJ133260, trnL:AJ224606]. 
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Lycopodiella indundata (L.) Holub: JAPAN: (TNS:765256) [rbcL: AB574631, 
psbA:AB575308]. SWEDEN: H.-E.Waantorp & al. s.n. (S) [trnL:AJ224605]. 
Lycopodiella lateralis (R.Br.) B.Øllg.: AUSTRALIA: Binnaburra, Queensland, 
Bostock & al. s.n. (BRI) [rbcL:AJ133262, trnL:AJ224609]. 
Lycopodiella pendulina (Hook) B.Øllg.: B.Øllgaard 100602b (AAU) 
[rbcL:AJ133259, trnL:AJ224607]. 
Lycopodium alpinum L.: T.Eriksson 699 (S) [trnL:AJ224599]. 
Lycopodium annotinum L.: N.Wikström 37 (S) [trnL:AJ224601]; (TNS:765139) 
[rbcL:AB574622, trnL:AJ224601, psbA:AB575301]; Rai & al. s.n. [rbcL:EU352290]. 
Lycopodium casuarinoides Spring: JAPAN: (TNS:762656) [rbcL:AB574624, 
psbA:AB575302]. CHINA: [psbA:JF33778]. MALAYSIA: Mount Kinabalua NP, 
Sabah, N.Wikström & al. 134 (S) [trnL:AJ224603].  
Lycopodium clavatum L.: FINLAND: Muola s.n. [rbcL:DQ026595]. (TNS:762554) 
[rbcL:AB574626, psbA:AB575303]. 
Lycopodium companatum L.: (TNS:765154) [rbcL:AB574627; psbA:AB57304]. 
Lycopodium deuterodensum Herter: NEW CALEDONIA: Mount Mou, N.Wikström  
242 (S) [rbcL:AJ133249, trnL:AJ224597]. 
Lycopodium digitatum Dill. ex A.Braun: (OAC:JAG032) [psbA:EU750650]. 
Lycopodium fastigiatum R.Br.: NEW ZEALAND: Craigburn Forest Park, 
N.Wikström 246 (S) [rbcL:AJ133252, trnL:AJ224595]. 
Lycopodium japonicum Thunb.: [psbA:GQ435342]. 
Lycopodium nikoense Franchet & Savat.: (TNS:766482) [rbcL:AB574633; psb: 
AB575309]. 
Lycopodium magellanicum (P.Beuv.) Sw.: B.Øllgaard 100621 (AAU) 
[trnL:AJ224594]. 
Lycopodium obscurum L.: (TNS: 765137) [rbcL:AB574634, psbA:AB575310]. 
T.Eriksson 666 (GH) [trnL:AJ224598]. (OAC:RS155) [rbcL:EU677116, 
psbA:EU750655]. (OAC:JAG059) [psbA:EU750653]. 
Lycopodium scariosum G.Forst.: MALAYSIA: Mt Kinabalu NP, Sabah, N.Wikström 
& al. 136 (S) [rbcL:AJ133255].  
Lycopodium vestitum Desv. ex Poiret: ECUADOR: Podocarpus NP, Loja, 
N.Wikström 278 (S) [trnL:AJ224602]. 
Lycopodium volubile G.Forst.: MALAYSIA: Mount Kinabalu NP, Sabah, 
N.Wikström & al. 130 (S) [rbcL: AJ133253, trnL:AJ224596]. 
Lycopodium wightianum Wallich ex Grev. & Hook.: MALAYSIA: Mount 
Kinabalua NP, Sabah, N.Wikström & al. 137  (S) [rbcL:AJ133254, trnL:AJ224600]. 
Selaginella longipinna Warb.: Lundberg s.n. [rbcL:AJ295860]. 
Selaginella australiensis Baker: Lundberg s.n. [rbcL:AJ295890]. 
Selaginella pygmaea (Kaulf.) Alston: Esterhysen 3407a [rbcL:AJ295890]. 
Phylloglossum drummondii Kunze: AUSTRALIA: Crane s.n. (S: note no specimen 
in Krypto-S) [rbcL:00Y07939, trnL:AJ224593]. NEW ZEALAND: L.R.Perrie 2822 
(WELT) [rbcL:LRP02822]. 
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Living Collection 
Characters of epiphytic species were sampled from fresh material of mature cultivated 
sporophytes that had been propagated from the vouchers using a layering method and 
cultivated in hanging containers (McAuliffe 2001, Wee 1979). Collection data was 
engraved on metal tags that were fixed to the hangers with a split ring to ensure DNA 
and voucher data complemented living collections. Living vouchers were maintained 
in cultivation in a 5 m tall, 100 m2 shadehouse in Townsville, Queensland Australia. 
The shadehouse covering was black 80% sarlon shadecloth and the shadehouse was 
humidified using a micro-mist system that misted a gravel floor beneath the plants. 
Misting frequency was controlled by a balance-arm automatic-leaf-sensor made by 
Sage Horticultural. Epiphytes were potted in 100 – 150 mm hanging pots or 200 – 400 
mm coir-lined wire hanging baskets in a potting medium of screened 10 – 25 mm 
sterilised composted pine bark nuggets and polystyrene foam that was supplemented 
with Nutricote Hot Aussie Blend slow release fertiliser. Terrestrial species (e.g. 
Lycopodiella and Huperzia australiana) were cultivated in a finer graded medium 
with the addition of screened 2-5 mm decomposed granite gravel. All plants were 
spray-drench irrigated two to three times per week and spray-drench fertigated on 
alternating fortnights with dilute Searls Flourish, Charlie Carp, GF7, Seasol or 
Calcium Nitrate fertilizers. Plants were suspended on wire hangers on a swivel. They 
were turned ~120° once per fortnight and their aisle and hanging position within the 
shade-house was randomised every three months. Plants were repotted into larger 
containers every two years. Plants were slip potted when increasing container size, or 
repotted with old growing material removed when replanted into the same size 
container. 

Minor infestations of Bradysia sp. (Fungus gnats) were treated using controlled 
releases of Steinernema feltiae parasitic nematodes and Hypoaspis predatory mites. 
Major infestations were reduced by spray-drench application of Scotts Crown 
insecticide. Infestations of Pinnaspis aspidistrae (Coconut scale) were reduced by 
application of Disulfoton systematic insecticide granules. Fungal infestations were 
treated with a spray drench of Fongarid and Mancozeb a fortnight apart. Recently 
repotted plants were treated with Banrot fungicidal granules to prevent damping off in 
fresh growing media. 
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DNA extraction, amplification and sequencing 

DNA was extracted from < 0.1 g of fresh lycophylls or from up to 1 g of silica-dried 

lycophylls using a modified QIAGEN DNEasy Plant Mini Kit protocol (QIAGEN 

2006) wherein fresh tissue was ground directly into the buffer. DNA was not obtained 

from herbarium sheets or from dried H. dalhousieana as silica desiccant preservation 

of this species degraded the DNA. DNA concentrations were estimated by comparison 

with known concentrations of Lambda DNA run on 0.8% agarose gels. 

DNA sequences were generated for five chloroplast DNA loci: rbcL, trnL-trnF (C-F 

primers) (Taberlet et al. 1991) trnH-psbA, ycf5 and aCCD (Tables 2.3, 2.4 and 3.2) 

(Kress et al. 2005, Wolf et al. 2005) (Table 2.3 and 3.2). Attempts to amplify rpoC1 

and matK failed. Examination of the chloroplast genome of Huperzia lucidula 

(Michx.) Trevis. published by Wolf et al. (2005) reveals that the locus matK is 

inverted with inversions in the priming region and that rpoC1 has an intron in the 

priming region for Huperzia (Wolf et al. 2005). 

Table 2.3 Primers used in PCR to amplify the DNA loci used for phylogenetic 
analysis of the Lycopodiaceae.  

Locus Direction Primer sequence 5’ – 3’  

rbcL a_f ATGTCACCACAAACAGAGACTAAAGC 

 a_r CTTCTGCTACAAATAAGAATCGATCTC 

trnL (C-F) C CGAAATCGGTAGACGCTACG 

 F ATTTGAACTGGTGACACGAG 

trnH-psbA f ACTGCCTTGATCCACTTGGC 

 r CGAAGCTCCATCTACAAATGG 

PCR reactions (total volume of 25 µl) contained 16.9 µl of molecular grade H2O, 2.5 

µl of Bioline 10 X Buffer, 2 µl of 25 mM MgCl2, 0.4 µl of 10 mM dNTPs, 1 µl of 

each 10 mM primer, 0.2 µl of 5 unit per µl Bioline Taq Polymerase and 1 µl of 

standardised DNA. PCR was performed in an MJ Research DNA Engine Tetrad 2 

Peltier Thermal Cycler as follows: trnL (C-F)—94°C 5 min., 35 x 94°C 1 min, 50°C 

30 sec., 72°C 1 min., 1 x 72°C 10 min. All remaining loci—94°C 5 min., 30 x 94°C 1 

min, 55°C 30 sec., 72°C 1 min., 1 x 72°C 10 min. The primers for the loci used are 

shown in Table 2.4. 
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PCR of the trnL (C-F) locus always produced multiple bands and ‘primer dimer’. To 

obtain a single fragment length, the total trnL (C-F) PCR products for each collection 

were electrophoretically separated on a 1.8% agarose gel and the DNA band of 

appropriate length identified under fluorescence and excised using a scalpel. PCR 

products were extracted from the excised agarose gel fragment using a standard 

QIAGEN MinElute Kit protocol (QIAGEN 2006). 

Separate forward and reverse sequencing reactions (total volume of 10 µl) contained 4 

µl of Dyenamic ET terminator DNA sequencing chemistry (GE Biosciences) and 15-

20 ng of purified PCR product diluted in molecular grade H2O. Sequencing reactions 

were run on an MJ Research DNA Engine Tetrad 2 Peltier Thermal Cycler following 

manufacturers instructions. Sequencing reactions were purified to remove 

unincorporated nucleotides, primers and salts by centrifugation through handmade 

Sephadex G-50 columns loaded into Whatman 350 filter plates. DNA fragment 

analysis following DNA sequencing reactions was carried out on a MegaBACE 1000 

(GE Biosciences) at the James Cook University Genetic Analysis Facility, Townsville 

Queensland Australia. 

Chromatograms were visualised in Sequencher 3.1 (GeneCodes Corporation) and 

trimmed to include only clean, unambiguous results. Trimmed forward and reverse 

sequences for each individual were aligned to form a contig and ambiguities in the 

automatic base calls were inspected visually and resolved. A consensus sequence was 

generated for each individual and each locus from the aligned edited contigs. Final 

edited sequences were manually aligned in Bioedit (Hall 1999). Five replicates were 

examined for each Australian taxon. Where within-taxon sequence variation was 

absent only one was included in the final alignment. Sequences not generated by this 

study were obtained from Genbank and are identified by their Genbank accession 

numbers (Table 2.2). New DNA sequences will be submitted to Genbank when 

submitted for publication.  

The alignment of sequences generated for both trnL (C-F) and trnH-psbA loci required 

the incorporation of many significant gaps as the result of insertions and deletions 

(indels) in the DNA sequences. Indels were coded using methods modified from 

simple-indel coding of Simmons and Ochoterena (2000) and complex indel-coding of 

Müller (2005) using the indel-coding feature of the program SeqState (Müller 2005, 
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2006, SImmons et al. 2007). In summary, indels were ignored if they were a single 

base represented in a single collection (single base autapomorphies) or if they 

appeared at the end of long A/T strings (Simmons and Ochoterena 2000). Indels were 

considered informative, and therefore coded, if they consisted of multiple bases in a 

single collection or single/multiple bases in multiple collections. In total, 45 indels 

were coded for trnL (C-F) Lycopodiaceae alignment, 61 indels for the trnH-psbA 

Lycopodiaceae alignment, 16 indels for trnH-psbA Huperzioideae alignment (Table 

2.4). 

Scoring of non-DNA characters 

Thirty-five non-DNA-sequence characters were scored for analysis. Characters were 

chosen based on the comprehensive review of Øllgaard (1987), the cladistic study of 

Wagner & Beitel (1992) and examination of 884 herbarium specimens, 120 cultivated 

specimens and 804 plants growing in their natural environment. Many characters were 

explored for this study but could not be scored because they were either 

phenotypically plastic or because their states had been poorly defined in previous 

studies. Additional characters have been included where new or revised reports or 

interpretations of traditional characters have become available e.g. for Phylloglossum 

drummondii. 

Gametophyte characters 

The gametophytes of Lycopodiaceae have provided several useful characters for 

systematic investigation of the family (Boivin 1950, Bruce 1976b, Rothmaler 1944, 

Whittier 1998). In this study, gametophyte characteristics were scored from light 

microscope examination of cultured or field-collected gametophytes and from 

published reports (Bruce 1976b, Wagner and Beitel 1992, Whittier 1998, 2006, 

Whittier and Braggins 1992, 2000, Whittier and Storchova 2007). 

Character 1: gametophyte type 

Both autotrophic and holomycoheterotrophic gametophytes have been reported for the 

Lycopodiaceae. Early reports indicated that gametophyte nutrition was phenotpyically 

plastic (Freeberg and Wetmore 1957) but it has subsequently been shown to be 

invariant within taxa when gametophytes are mature (Whittier 1998, 2006, Whittier 

and Braggins 1992, Whittier and Storchova 2007) and gametophyte nutrition was an 
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important characteristic for the segregation of Lycopodiaceae in the classifications of 

Øllgaard (1992) and Wagner & Beitel (1992). Gametophyte nutrition was used as a 

character (38) in Wagner & Beitel (1992) with the alternate states being 

'holomycotrophic' and 'hemimycotrophic'. More recent reports indicate that some 

hemimycotrophic gametophytes initially appear mycoheterotrophic, but can be 

distinguished at maturity by the presence of photosynthetic lobes on their upper 

surfaces (Whittier and Braggins 2000). In contrast, the sister families to 

Lycopodiaceae are endosporic and are nourished by the parent plant as found in seed-

plants. This character is discrete and qualitative with three states defined as follows: 

(0) gametophytes free living without photosynthetic lobes on upper surface; (1) 

gametophytes free living with photosynthetic lobes on upper surface; (2) 

gametophytes endosporic. 

Character 2: spore/gametophyte germination position 

The surface or subterranean position of Lycopodiaceae gametophytes was used as a 

character (39) by Wagner & Beitel (1992) and has been discussed in several 

taxonomic investigations of the family (Boivin 1950, Bruce 1976b). Studies of 

germination requirements of Lycopodiaceae gametophytes by Whittier et al. have 

shown that the gametophyte germination position is linked to spore germinate in the 

light or dark (Bruce 1976b, Wagner and Beitel 1992, Whittier 1998, 2006, Whittier 

and Braggins 1992, 2000, Whittier and Storchova 2007). The genera Huperzia s.l. and 

Phylloglossum and Lycopodium germinate only when subject to a dark pre-treatment 

and their gametophytes are subterranean, whereas Lycopodiella germinates only when 

exposed to light and its gametophytes develop on the surface of the substrate. This 

character has been scored separately from Char. 1 because the states are independent 

in Phylloglossum drummondii which exhibits dark + subterranean germination but 

develops photosynthetic lobes upon emergence at the substrate surface (Whittier and 

Braggins 1992, 2000). This character is discrete and qualitative with two states 

defined as follows: (0) spore germinating following a period of dark and gametophyte 

subterranean; (1) spore germinating in the light and gametophyte wholly surface-

living. 

Character 3: gametophyte growth axis orientation 
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The growth axis and shape in cross section of gametophytes was determined from 

microscopical examination of field-collected gametophytes for Australian 

Lycopodiaceae or from literature reports (Bruce 1976b, Whittier 1998, 2006, Whittier 

and Braggins 1992, Whittier and Storchova 2007). This character which appears has 

been scored separately from Char. 1 & 2 because the states are independent in 

Phylloglossum, Lycopodium and Lycopodiella. This character is discrete and 

qualitative with two states defined as follows: (0) gametophyte growth axis horizontal 

with a dorsiventral cross section; (1) gametophyte growth axis vertical with a radial 

cross section. 

Character 4: gametophyte ramification 

The presence or absence of branching in the gametophyte was used (Char. 43) to 

distinguish Phlegmariurus from other Lycopodiaceae by Wagner & Beitel (1992). 

This character is discrete and qualitative with two states defined as follows: (0) 

gametophyte unbranched at maturity; (1) gametophyte branched at maturity. 

Character 5: gametophyte paraphyses 

The presence or absence of paraphyses in between the gametangia on the dorsal 

surface of the gametophyte has been considered an important character that 

distinguishes between Huperzia sensu Øllgaard (1987), reported to have paraphyses, 

and all other Lycopodiaceae reported to lack paraphyses. Whittier & Braggins (2000) 

have shown that paraphyses are present in Phylloglossum drummondii, in contrast to a 

previous report (Holloway 1935, Whittier and Braggins 2000). This character is 

discrete and qualitative with two states defined as follows: (0) paraphyses present; (1) 

paraphyses absent. 

Spore characters 

The spores of Lycopodiaceae have been examined by a number of authors who have 

defined segregates within the Lycopodiaceae based upon spore shape and surface 

sculpture (Boivin 1950, Breckon and Falk 1974, Freeberg 1957, Øllgaard 1987, 

Wagner and Beitel 1992, Wilce 1972). Spore shape and surface sculpture characters 

are particularly useful because spores do not appear to be phenotypically plastic and 

can be obtained from fertile dried herbarium material. Indeed, fossil spores may prove 
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to be particularly useful calibration points for future estimation of divergence times for 

Lycopodiaceae. The spores of all Lycopodiaceae are trilete tetrahedral with 

recognisable proximal and distal surfaces. The proximal surface bears a trilete scar 

because it is the surface that faced the other three spore cells descendant from the 

spore mother cell. The distal surface is roughly hemispherical and corresponds to the 

outer surface of the spore mother cell and faced outwards when the spores were 

arranged in a tetrad. Four spore characters were used in this study corresponding to 

those discussed in previous studies (Breckon and Falk 1974, Øllgaard 1987, Wagner 

and Beitel 1992, Wilce 1972). The shape and surface ornamentation of spores was 

examined using a light microscope and a JEOL JSM-5410LV scanning electron 

microscope in the Advanced Analytical Centre at James Cook University. Spores were 

sampled from indehiscent sporangia of fresh collections where possible or from 

herbarium specimens where no fresh material was available. 

Character 6: spore distal surface sculpture 

The sculpture of the distal surface of Lycopodiaceae spores was surveyed by Wilce 

(1972) who recognised five types of ornamentation that correspond with the genera 

later adopted by Øllgaard (1987). This character is discrete and qualitative with four 

states defined as follows: (0) distal surface sculpture foveolate fossulate; (1) scabrate; 

(2) rugate; (3) bacculate; (4) reticulate. 

Character 7: spore proximal surface sculpture 

The presence of surface sculpture on the proximal surface of spores has previously 

been inferred to be synapomorphic for the Huperzia selago group sensu Øllgaard 

(1987). This character has been scored in previous studies as a separate character from 

spore lateral margins (Breckon and Falk 1974, Øllgaard 1987, Wagner and Beitel 

1992, Wilce 1972) and this approach has been followed here. However, it is noted that 

the presence of surface sculpture on the proximal surface of the spore is only present 

in taxa with concave spore lateral margins and the potential of a developmental link 

between these two characters may require investigation. This character is discrete and 

qualitative with two states defined as follows: (0) spore proximal surface sculpture 

present; (1) spore proximal surface sculpture absent. 

Character 8: lateral margins of spores 
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The majority of Lycopodiaceae and its sister families Selaginellaceae and Isoetaceae 

have spores with convex lateral margins when observed in polar view (Breckon and 

Falk 1974, Øllgaard 1987, Wagner and Beitel 1992, Wilce 1972). The presence of 

concave lateral margins has previously only been recorded for the Huperzia selago 

group sensu Øllgaard (1987). This character is discrete and qualitative with two states 

defined as follows: (0) lateral spore margins convex to straight; (1) lateral spore 

margins concave. 

Character 9: spore corners 

The corners of Lycopodiaceae spores may be acute to obtuse when observed in polar 

view or may bear truncated terminals. This character is used in this study following 

Wagner & Beitel (1992) and Øllgaard (1987) but it should be noted that the ontogenic 

link between Characters 9, 10 and 11 requires investigation. This character is discrete 

and qualitative with two states defined as follows: (0) spore corners not truncate; (1) 

spore corners truncate. 

Sporophyte characters 

Multiple genera and subfamilies have been recognised based upon sporophyte 

characteristics, with habit, branching pattern and anatomy and morphology of 

lycophylls and sporophylls playing key roles in previous and current classifications of 

the Lycopodiaceae (Herter 1949a, 1949b, 1950, Holub 1964, 1975, 1983, 1985, Holub 

1991, Øllgaard 1975, 1979, 1987, 1992, Wagner and Beitel 1992).  Macro-

morphological characters were examined from field collected, live cultivated and 

herbarium vouchers without magnification or using a low power stereo-microscope. 

Microscopic characters such as the stem stele and root emergence were examined 

using hand cut sections of fresh or alcohol preserved stems examined with a 

compound light microscope. 

Character 10: sporophyte habit 

The habit of mature sporophytes of Lycopodiaceae was determined from personal 

observation of field growing plants and from herbarium labels. This character was 

discrete and qualitative with two states defined as follows: (0) terrestrial; (1) epiphytic. 

Character 11: shoot elongation 
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Lycopodiophytes generally have elongate shoots with subwhorls of ranked lycophylls 

spaced along an elongate stem. Two exceptions have been reported, all members of 

the family Isoetaceae and the monospecific Phylloglossum in the Lycopodiaceae, both 

of which have clustered lycophylls on a short shoot. This shoot form has been 

traditionally interpreted as reduced (Bower 1885, Hackney 1950, Kenrick and Crane 

1997, Wikström and Kenrick 1997). This discrete and qualitative character was 

defined as follows: (0) lycophylls borne on an elongate shoot (space visible between 

alternating lycophyll subwhorls); (1) lycophylls borne on reduced shoot (no space 

visible between subwhorls of lycophylls). 

Character 12: shoot branching pattern 

The branching pattern, in particular the symmetry of branching, has been explored for 

a broad spectrum of Lycopodiaceae species and has been defined as a key character in 

the recognition of genera (Øllgaard 1979, 1987). Three major branching patterns have 

been described, branching absent, isotomous branching, and anisotomous branching. 

Isotomous shoots form following equal branching of shoot apical meristems, whereas 

anisotomous shoots form as a result branching of shoot apical mersitems where the 

subsequent meristems are unequal in size (Imaichi 2008, Imaichi and Hiratsuka 2007, 

Troll 1937). Homology between these states has been inferred in all studies of the 

Lycopodiaceae and is consistent with their ontogenic origin. Anisotomous branching 

has been described as including two subtypes, anistomous with an inclinate orientation 

and anisotomous with flabellate horizontal branching and inclinate branches arising 

dorsally from horizontal shoots (Øllgaard 1979, 1987). Difficulty was encountered in 

differentiating between these subtypes so they were grouped into a single state for 

anisotomy. This character was defined as discrete and qualitative with three states as 

follows: (0) shoots unbranched, (1) shoots isotomously branched; (2) shoots 

anisotomously branched. 

Character 13: auxiliary branches 

The point of origin of new auxiliary branches has received relatively little attention in 

taxonomic investigation of the Lycopodiaceae. Observation of cultivated material 

suggested the presence of two non-plastic types of new shoot emergence, new shoots 

arising solely from the axils of basal lycophylls to form a locally tufted plant, and new 
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shoots arising from the axils of sporophylls along modified lateral shoots to form a 

spreading non-tufted plant. A third type of shoot origin is described for Phylloglossum 

which has solitary shoots that arise from an underground tuber (Bower 1885, Breckon 

and Falk 1974, Chinnock 1998, Hackney 1950). This character was defined as discrete 

and qualitative with three states follows: (0) new shoots arising from an underground 

tuber like stem; (1) new shoots arising from the axils of stem base lycophylls thereby 

forming a tuft of shoots; (2) new shoots arising from the axils of lateral stem 

lycophylls thereby forming a laterally spreading colony. 

Character 14: sterile shoot habit 

Pendulous shoots are the predominant habit found among epiphytic Lycopodiaceae. 

This character was used by Wagner & Beitel (1992) as 'erect' and 'pendent' (Char 5) 

but it is re-circumscribed here as presence or absence of pendulous shoots because not 

all of the non-pendant species can be described as having erect shoots. It is scored 

separately from habit (sensu Wagner & Beitel 1992) because several epiphytic 

Lycopodiaceae do not exhibit pendulous shoots and from strobilus habit (Char 23) 

because several species that do not have pendulous sterile shoots have pendulous 

strobili. This character was defined as discrete and qualitative with two states as 

follows: (0) shoots not pendulous at maturity; (1) shoots pendulous at maturity. 

Character 15: shoots deciduous 

Shoot persistence was determined from personal observation of field and cultivated 

plants and from herbarium records. This character is discrete and qualitative with two 

states defined as follows: (0) shoots evergreen/persistent; (1) shoots 

deciduous/ephemeral. 

Character 16: lycophylls flat or terete 

The lycophylls of Lycopodiophytes are generally flat in cross section as found in 

Selaginella and the majority of Lycopodiaceae. Terete lycophylls have been recorded 

for a number of Lycopodiophytes including Isoetes and Phylloglossum but their 

frequency among other Lycopodiophytes has been poorly recorded (Bower 1885). The 

presence or absence of terete lycophylls in Lycopodiaceae was determined from 

microscopical examination of unstained transverse sections of fresh living material, 
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with the exception of Phylloglossum, which was examined from a specimen preserved 

in alcohol. This character was defined as discrete and qualitative with two states as 

follows: (0) lycophylls not terete; (1) lycophylls terete. 

Character 17: homophylly and heterophylly 

Homophylly is defined as present when lycophylls and sporophylls along a branch are 

equal in size and shape and heterophylly as present when lycophylls and sporophylls 

along a branch differ in size or shape, with sporophylls usually reduced. Homophylly 

and heterophylly was the primary character used to segregate of genera of Spring 

(1842), Nessel (1939) and Herter (1949 & 1950). Øllgaard (1987) placed a lesser 

importance on this character than previous studies and it was not scored by Wagner & 

Beitel (1992). This character was defined as having two discrete and qualitative states 

as follows: (0) homophyllous; (1) weakly to strongly heterophyllous.  

Character 18: isophylly / anisophylly 

Isophylly and homophylly were defined as separate characters by Øllgaard (1987). 

Isophylly occurs when all of the lycophylls attached at one point are equal and 

anisophylly when the lycophylls attached at one point are not equal. Isophylly has 

traditionally being considered to be the plesiomorphic state for Lycopodiaceae 

(Øllgaard 1987) but it should be noted that Selaginellaceae, one of the sisters to the 

Lycopodiaceae, is anisophyllous. Øllgaard (1987) considered five different states of 

anisophylly were present in the Lycopdiaceae. In the study of Wagner & Beitel (1992) 

the independent forms of anisophylly were grouped into one homoplasious character. 

Following Øllgaard (1987), six discrete qualitative character states were scored for 

this study: (0) isophyllous; (1) weakly to strongly anisophyllous but lycophylls not 

ordered into specialised ranks; (2) trimorphic lycophylls with one dorsal and one 

ventral rank of narrow lycophylls and two lateral ranks of broad lycophylls; (3) 

dimorphic lycophylls with broad dorsal lycophylls in 2 ranks and narrow ventral 

lycophylls in 2-3 ranks  (Lycopodium sect. Diphasium (Presl ex Rothm.) B. Øllg.); (4) 

flattened isophyllous shoots achieved via broad compressed lateral leaf bases 

(Lycopodium sect. Lycopodiastrum (Holub) B. Øllg.); (5) trimorphic lycophylls with 

1-2 dorsal ranks and one ventral rank of narrow lycophylls and 2 lateral ranks of broad 
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compressed subopposite lycophylls (Lycopodium sect. Pseudodiphasium (Holub) B. 

Øllg.). 

Character 19: strobilus peduncle 

The presence or absence of a peduncle at the base of the strobilus was used to define 

genera in the classification of Øllgaard (1987) and was used as a character by Wagner 

& Beitel (1992) who recognised two states, 'stalked' and 'unstalked'. It has generally 

been presumed that the sessile strobilus is the plesimorphic state (Wagner and Beitel 

1992) being present in Selaginellaceae, Isoetaceae and most fossil Lycopodiophytes 

(Kenrick and Davis 2004). There are two anatomical origins for the strobilus peduncle 

observed in the Lycopodiaceae, the strobilus peduncle form present in Phylloglossum 

occurs as a result of elongation of sterile section of the stem without lycophylls or 

sporophylls (Bower 1885, Hackney 1950, Øllgaard 1987) whereas the strobilus 

present in Lycopodium sensu Øllgaard (1987) occurs as a result of reduction of the 

lycophylls along the pedunculate section of the stem (Øllgaard 1987). This character 

included three discrete qualitative states defined as follows: (0) peduncle absent; (1) 

leafless strobili peduncle present; (2) leafy strobilus peduncle present. 

Character 20: strobilus habit 

The habit, or inclination angle, of the strobilus was a diagnostic feature of genera in 

the classifications of Øllgaard (1987) and Holub (1964) and in the study of Wagner & 

Beitel (1992) (Char 24). This character includes two qualitative states defined as 

follows: (0) strobili vertical; (1) strobili pendant. 

Character 21: strobili bulbils 

The presence or absence of bulbils has been used in taxonomic delineation in several 

classifications of the Lycopodiaceae. Strobilus bulbils are small bilaterally-shaped 

axillary side branchlets with an abscission layer at their base that can detach and form 

new roots and establish as independent plants (Gola 2008, Holloway 1917, Xiao-

Qiang Ma 1998). Their presence, symmetry and the presence of an abscission layer 

were scored as separate characters by Wagner & Beitel (1992) but they are dependent 

and are here considered to be developments relating to a single character. The 

presence or absence of bulbils in the axils of sporophylls was determined from 
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examination sporophytes in the field or herbarium specimens. This character was 

defined as having two discrete qualitative states as follows: (0) strobili not 

bulbiferous; (1) strobili bulbiferous 

Character 22: sporophyll type attachment 

The attachment type of the sporophyll was used as a character to define both genera 

and subgenera in the classification of Øllgaard (1987) who recognised two states, 

paleate and peltate. The states were redefined by Wanger & Beitel (1992) as 'basal' 

and 'pseudopeltate-peltate' (Char 22). This character was defined as having two 

discrete qualitative states as follows: (0) sporophylls paleate (basally attached and not 

peltate); (1) sporophylls peltate. 

Character 23: sporophyll type persistence 

The persistence of sporophylls following maturation and dehiscence of sporangia has 

previously been considered a synapomorphy of Lycopodium and Lycopodiella sensu 

Øllgaard (1987). Two discrete qualitative states are included in this character defined 

as follows: (0) evergreen persistent following dehiscence of sporangia; (1) deciduous 

ephemeral, senescing following dehiscence of sporangia. 

Character 24: mucilage duct in sporophyll base (see Bruce 1976) 

The presence or absence of mucilage ducts in the sporophyll base at the junction of the 

stem was investigated by Bruce (1976) and used as a character by Wagner & Beitel 

(1992) (Bruce, 1976, Øllgaard 1987 and Wagner & Beitel 1992). The distribution of 

this character among genera was scored from Bruce (1976) and Wagner & Beitel 

(1992) for Lycopodium and Lycopodiella and from live cultivated material for 

Huperzia s.l.. This character was defined with two discrete states: (0) mucilage duct in 

sporophyll based absent; (1) mucilage duct in sporophyll based present. 

Character 25: sporangial valve wall cell lignification 

The thickness and lignification of cell walls in sporangial valve cells was investigated 

by Øllgaard (1975) who considered there were two major types of cell walls, with 

thick and lignified sporangial valve cell walls present in Huperzia s.l. and 

Phylloglossum and thin non-lignified cell walls present in Lycopodium and 
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Lycopodiella. This character was scored sensu Øllgaard (1975) and Øllgaard (1987) 

with two qualitative states as follows: (0) sporangial valve walls thick and lignified; 

(1) sporangial valve walls thin and unlignified. 

Character 26: sporangial valve wall cell shape 

The shape of the cell walls in the sporangial valves was investigated by Øllgaard 

(1975) who considered there were differences in the wall shapes with Huperzia s.l., 

Phylloglossum and Lycopodium exhibiting sinuate cell walls whereas Lycopodiella 

exhibited straight cell walls. This character was scored sensu Øllgaard (1975) and 

Øllgaard (1987) with two discrete qualitative states as follows: (0) sporangial cell 

walls sinuate; (1) sporangial cell walls non-sinuate. 

Character 27: sporangium shape 

The shape of the sporangium in Lycopodiophyta is generally reniform with roughly 

equal valve halves, but differs in some Lycopodiaceae in which ovoid sporangia with 

unequal valves have been reported (Holub 1983, Kenrick and Crane 1997, Øllgaard 

1987). The shape of sporangia was determined from fresh material where possible or 

from herbarium material examined under low power magnification. This character was 

defined with two qualitative states as follows: (0) sporandgia reniform (kidney 

shaped); (1) sporangia ovoid (rounded or egg-shaped). 

Character 28: sporangial stalk 

The presence of a sporangial stalk has been interpreted as a synapomorphy of 

Lycopodiella sensu Øllgaard (1987). This character was defined with two qualitative 

states as follows: (0) sporangial stalk absent; (1) sporangial stalk present. 

Character 29: root emergence 

Corticular emergence of roots in Lycopodiaceae was first described by Brogniart 

(1838) and its incidence within the family was reviewed by Stokey (1907) who 

considered that it was present in species now classified in Huperzia sensu Øllgaard 

(1987) but was absent from other Lycopodiaceae (Brongniart 1838, Stokey 1907). 

Corticular emergence of roots occurs when new roots emerge directly from the stem 

stele at a point along the stem and then travel down through the cortex inside the stem 
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to emerge in a tuft at the base of the stem. It is readily observed in unstained sagital 

sections of freshly collected or alcohol-preserved stems of some species. Root 

emergence was a key feature in the classification of Øllgaard (1987) and was 

Character 7 in Wagner & Beitel (1992). The type of root emergence was determined 

by light microscope examination of hand cut phloroglucinol-HCl stained transverse 

sections of stems harvested from the base of the first stem module of mature cultivated 

or field collected sporophytes. This character included two discrete qualitative states 

defined as follows: (0) corticular root emergence absent (root emergence direct); (1) 

corticular root emergence present. 

Character 30: root branching 

The presence and symmetry of root branching has received relatively little attention in 

taxonomic studies of Lycopodiaceae but was a character in Wagner & Beitel (1992) 

who recognised two states, isotomously branched and anisotomously branched. 

Examination of herbarium material revealed that unbranched roots are present in 

Phylloglossum and these were therefore circumscribed as belonging to a third state 

because they could not be placed into either of the states present in Wagner & Beitel 

(1992). This character included three discrete qualitative states defined as follows: (0) 

roots unbranched; (1) roots isotomously branched; (2) roots anisotomously branched. 

Character 31: shoot stele type 

The stele type present in Lycopodiophyte stems is called a protostele and has xylem 

more or less confined to the central core of the stem with phloem arranged around it. 

The Lycopodiophyte protostele lacks the pith core and the cylindrical xylem and 

phloem arrangement found in the advanced Siphonosteles of Monilophytes and 

Spermatophytes. Two general patterns have been reported for the stele present in 

vegetative stems of the Lycopodiaceae, actinosteles, which appear as radial masses 

when viewed in cross section, and plectosteles, which appear as multiple parallel 

bands when viewed in cross section (Jones 1905, Ogura 1972, Øllgaard 1987). The 

type of stele present in the basal module of the vegetative stem was determined by 

light microscope examination of hand cut phloroglucinol-HCl stained transverse 

sections of stems harvested from the first stem module of mature cultivated or field 

collected sporophytes. This character included two qualitative discrete states defined 
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as follows: (0) basal module of stem bearing an actinostelic protostele; (1) basal 

module of stem bearing a plectistelic protostele. 

Character 32: shoot stele diameter 

In addition to stele type, previous authors have described categorical differences in the 

diameter of the stele with respect to stem size, with two non-intergrading categories 

reported (Herter 1949a, Hill 1914, Øllgaard 1979, 1987, Stokey 1907). A ratio 

between stem stele diameter and overall stem diameter was used because absolute 

diameters were not comparable between plants at different scales. This character was 

defined as discrete with two qualitative states as follows: (0) stele 1/4 to 1/20 of stem 

diameter; (1) stele 1/2 to 1/3 of stem diameter. 

Character 33: presence or absence of a ligule 

A ligule is the term given to a small apendage visible in microscopically examined 

sections of the strobilus of some Lycopods in the adaxial axil of the sporophyll 

adjancent the point of emergence of the sporangium (see Chapter 1). The presence of a 

ligule is considered to be a synapomorphy of the Isoetaceae and Selaginellaceae and 

conversely its absence is considered a synapomorphy of Lycopodiaceae. This characer 

was defines as discrete with two qualitative states defined as follows: (0) ligule absent; 

(1) ligule present. 

Character 34: presence or absence of homospory or heterospory 

The presence or absence of homosporous or heterosporous life cycle is considered a 

synapomorphy of the families of Lycopods. This character was determined by the 

presence or absence of micro and mega sporangia (and micro and mega spores) in the 

axils of sporophylls of the strobilus. This character has two discrete and qualitative 

states defined as follows: (0) plants homosporous; (1) plants heterosporous. 

Phytochemical characters 

Character 35: huperzine   

Braekman (1980) conducted a chemotaxonomic survey of Lycopodiaceae and reported 

on the distribution of the Lycopodium alkaloid huperzine (Braekman et al. 1980). 
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Huperzine has received considerable attention since this time and numerous reports on 

its distribution are now available (Braekman et al. 1980, Lim et al. 2010, Liu et al. 

1986, Ma and Gang 2004, Ma et al. 1998). The presence or absence of huperzines was 

determined using the methods outlined in Goodger et al. 2008, a survey of huperzine 

which was based on the same collection set established for the present study (Goodger 

et al. 2008, Lim et al. 2009, 2010). This character is discrete with two qualitative 

states defined as follows: (0) huperzine  absent; (1) huperzine present. 

Character 36: biogeography 

The distribution of type localities Huperzia s.l. from Øllgaard (1989) and the Checklist 

of World Ferns (Hassler and Swale 2003) of taxa were post-hoc mapped into broad 

geographic zones for a general investigation of biogeography of the genera. For this 

study, the Laurasian zone (0) was defined as continental landmasses derived from 

Laurasia and included North America, Asia, Europe and islands in the north Pacific 

and north Atlantic. The Palaeotropic/Asian overlap zone (2) was defined as 

landmasses southeast of the Isthmus of Kra and northeast of Papua New Guinea and 

Australia (mostly Malesia). This included southern Thailand, Penninsula and Insular 

Malaysia, Indonesia and the Philippines. The Gondwanan zone (3) was defined as 

continental landmasses derived from Gondwana and included Africa, South America, 

Australia, Papua New Guinea, India and New Zealand and islands in the South Pacific 

and southern Indian Ocean. The Neotropic/American overlap zone (4) was defined as 

Central American landmasses on the Caribbean Plate. This included Honduras, 

Nicaragua, Costa Rica, Panama and islands on the Carribean Plate. 

Phylogenetic analyses 

Phylogenetic analyses were performed using the Maximum Likelihood Bayesian 

inference method as it enabled the implementation of different models of character 

mutation to different data partitions (Huelsenbeck and Ronquist 2001, Lewis 2001b). 

The data partitions analysed are presented in Table 2.4. Models of character evolution 

for each locus were chosen based on the hierarchical likelihood ratio test of alternative 

models of DNA base substitution performed using MrMODELTEST 1.0 (Nylander 

2002). A simple F81-like model (restriction site binary model) was implemented for 

phylogenetic analysis of gap-coding data partitions (Huelsenbeck and Ronquist 2001) 
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and a simple JC-like model (standard discrete morphology model) was implemented 

for phylogenetic analysis of non-DNA sequence data (Huelsenbeck and Ronquist 

2001, Lewis 2001a). For analysis of non-DNA all characters were treated as having 

un-ordered states irrespective of the numeral used in scoring and the coding option 

'informative' was chosen because no invariant characters were included in the analyses 

(Ronquist and Huelsenbeck 2003). Putative autapomorphic characters were included 

in the analysis because although they would not by informative of relationships they 

would be informative in defining taxa.  

Bayesian phylogenetic analyses were performed using Mr Bayes 3.1.2 (Huelsenbeck 

and Ronquist 2001). A Metropolis-coupled Markov Chain Monte Carlo was 

performed running four simultaneous chains (three heated and one cool) for 2 million 

generations sampling every 100th generation. The convergence of the chains was 

accepted if the standard deviation of split frequencies had fallen below 0.01. The first 

25% of the trees (5000 trees) were discarded as a ‘burn-in’ based on examination of 

the chains using Tracer. A fifty-percent majority rule consensus tree was generated 

from the 15,000 trees retained. Trees were visualised using TREEVIEW (Page 1996) 

and transferred into MEGA 4.0 (Tamura et al. 2007) to select the root and visualise 

taxon names. Graphics output files were transferred into Adobe Illustrator to add 

annotations.  

Five analyses were performed for Chapter 2. Analysis of monophyly of the 

Lycopodiaceae and its subfamilies was performed using an alignment of the coding 

region rbcL as it was possible to align sequences of species of Lycopodiaceae with 

species from the sister families Selaginellaceae and Isoetaceae which were used as 

outgroups. For the non-coding loci trnL(C-F) and trnH-psbA, attempts to align DNA 

sequences between species of Selaginellaceae, Isoetaceae and Lycopodiaceae were 

unsuccessfull and produced a significant number of unresolved indels. This made 

them relatively unsuitable for analysis of monophyly of the Lycopodiaceae and they 

were used to investigate the monophyly of the subfamiliy Huperzioideae and its 

genera using members of the sister subfamily Lycopodioideae as the outgroup. 

Analyses were repeated a minimum of five times, both with and without indel-coding 

matrices to check for consistency.  
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Table 2.4 Summary statistics for the four data alignments used to investigate the 
phylogeny of Huperzioid Lycopodiaceae.  

Matrix Matrix 
Length 

Variable 
positions 

Substitution 
model 

Gap-coding 
matrix 

rbcL 1203 610 GTR+G - 
trnL (C-F) 1944 1687 HKY+G - 
Non-DNA 35 35 JC - 

Mapping of non-DNA characters 

Non-molecular characters were mapped post-hoc onto the phylogenetic tree resulting 

from the combined analysis of molecular and non-molecular datamatrices using the 

software MacClade v. 4.08 following protocols detailed in the MacClade manual 

(Maddison and Maddison 2008). 



 

55 

Results  

The monophyly of the family Lycopodiaceae is supported by Bayesian inference 

phylogenetic analyses of the rbcL locus using a selection of Selaginellaceae and 

Isoetaceae species as outgroups (Figure 2.1 clade A) (Figure 2.1). Within the 

Lycopodiaceae clade are two well-supported subclades forming a sister relationship, 

these clades directly correspond to the subfamilies Lycopodioideae (Figure 2.1 clade 

B) and Huperzioideae (Figure 2.1 clade C) sensu Wagner and Beitel (1992). In the 

rbcL analysis, and in all subsequent analyses, the Lycopodioid clade includes the 

genera Lycopodium and Lycopodiella and the Huperzioid clade includes the genera 

Huperzia sensu Øllgaard (1987) and Phylloglossum (Figure 2.1, 2.2, 2.3, 2.4 & 2.5). 

Subsequent investigations focus on the Huperzioid genera with the Lycopoid clade as 

an outgroup. 

Three clades of Huperzioid species were recovered: Phylloglossum (Figure 2.1 & 2.2 

D), Huperzia s.s. (Figure 2.1 & 2.2, clade E) and a clade of Huperzia that correspond 

with the genus Phlegmariurus Holub sensu Wagner & Beitel (1992) (Figure 2.1 & 2.2 

clade F). The insertion position of Phylloglossum is equivocal as it varied between the 

datasets analysed (Figure 2.1, 2.2, 2.3 & 2.4). The genus Huperzia sensu Øllgaard 

(1987) is unresolved or paraphyletic in rbcL analyses (Figure 2.1) or forms a clade 

sister to Phylloglossum with moderate to poor Bayesian posterior probability support 

in analysis of the trnL(C-F) locus (Figure 2.2). In analyses including non-DNA data 

and combining rbcL and trnL(C-F) data, Phylloglossum was consistently recovered as 

sister to a clade containing the other two subclades, i.e. Huperzia sensu Øllgaard 

(1987) was monophyletic, reflecting the topology present in the trnL (C-F) analyses. 

In all datasets Phylloglossum exhibited a large proportion of autapomorphies and few 

synapomorphies with any of its putative sisters. The species rich Phlegmariurus clade 

of Huperzia was consistently recovered with high Bayesian posterior probabilities in 

all analyses of all datasets performed (Figure 2.1, 2.2, 2.3, 2.4 & 2.5). 
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Figure 2.1 Fifty percent majority rule cladogram from the MrBayes analysis of the 
rbcL dataset for 61 collections. Bayesian posterior probabilities are 
shown adjacent to branches and the scale bar represents expected 
changes per site. Tree rooted with Isoetes and Selaginella spp. 
Lycopodiaceae (A) and its subfamilies Lycopodioideae (B) and 
Huperzioideae (C) sensu Wagner & Beitel (1992) are monophyletic. 
Huperzia sensu Øllgaard (1987) is paraphyletic in this analysis. 
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Figure 2.2 Fifty percent majority rule cladogram from the MrBayes analysis of the 
trnL dataset for 103 collections. Bayesian posterior probabilities are 
shown adjacent to branches. Tree rooted with the Lycopodioid clade 
recovered in Figure 2.1. 
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Figure 2.3 Fifty percent majority rule cladogram from the combined analysis of 
the rbcL, trnL(C-F) and non-molecular datasets. Bayesian posterior 
probabilities are shown adjacent to branches. Tree rooted with the 
Lycopodioid clade recovered in Figure 2.1. The proposed revised 
classification of the Lycopodiaceae is shown at the right. 
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Figure 2.4 Fifty percent majority rule cladogram from the MrBayes analysis of the  
non-DNA dataset for 28 taxa including all of the Lycopodiaceae 
species from Australia and the type species of each genus. Bayesian 
posterior probabilities are shown adjacent branches. Tree rooted with 
the Lycopodioid clade recovered in Figure 2. The proposed revised 
classification of the Lycopodiaceae is shown at the right. 
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Figure 2.5 MacClade mapping of non-DNA characters onto a cladogram from the 
MrBayes analysis of the combined rbcL and non-DNA datasets 
(species clades not shown). State changes are shown as crossbars with 
the character number (e.g. 12:) and state changes (e.g. 0 ->2) annotated 
to the right. Characters that are strict synapomorphies (i.e. no 
reversions above and no occurances elsewhere in the tree) are shown in 
bold. 
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Non-DNA synapomorphies of the Lycopodioid clade are anisotomous shoots, the 

presence of lateral branches, a stele occupying more than half of the stem, direct 

emergence of roots from the stele, spores with strongly ornamented sulcpture (non 

foveolate-fossulate), erect gametophytes and the absence of paraphyses among 

gametangia (Figure 2. 1 & 2.5). Non-DNA characters that differ between the 

Lycopodioid subclades are the presence of leafy pedunculate strobili, which is a 

synapomorphy of the genus Lycopodium, and the presence of gametophytes with 

photosynthetic upper lobes, which is synapomorphy of the genus Lycopodiella (Figure 

2.1 & 2.5). 

Non-DNA synapomorphies of the Huperzioid clade include foveolate-fossulate spores, 

dorsiventral gametophytes, gametophytes with a hortizontal growth axis and the 

presence of paraphyses among the gametangia (Figure 2.1 & 2.5). Within the 

Huperzioid clade, Phylloglossum is unique in having a leafless pedunculate strobilus, 

underground tuber and unbranched habit (Figure 2.1 & 2.5). The remaining clades 

have an isodichotomous branch habit, branches arranged in basal tufts, sessile strobili, 

a stem stele occupying less than ¼ of the stem diameter and corticular emergence of 

roots (Figure 2.1 & 2.5). The Huperzia s.s. subclade is unique in bearing reproductive 

bulbils, having spores with ornamentation on both surfaces and spores with concave 

lateral margins and truncate corners (Figure 2.1 & 2.5). The Phlegmariurus clade is 

the only Huperzioid clade to include members that occupy the epiphytic habit and 

have wholly pendant branches. Otherwise it differs from the other clades by the 

absence of their synapomorpies i.e. by lacking bulbils and by having spores lacing the 

character combination described above (Figure 2.1 & 2.5). Based on these characters it 

is evident that the Huperzia s.s. clade directly corresponds with the Huperzia selago 

group (Øllgaard 1987), Huperzia subgenus Huperzia (Holub 1990) and Huperzia s.s. 

(Wagner & Beitel 1992) whereas the Phlegmariurus clade corresponds with all other 

Huperzia groups (Øllgaard 1987), the subgenus Subselago Holub (Holub 1991) or the 

genus Phlegmariurus Holub (sensu Wagner & Beitel 1992). The Huperzia s.s. clade 

and the Phlegmariurus clade exhibit a generalised biogeographic tendency for 

Huperzia s.s. to occur in the temperate northern hemisphere and for species inferred to 

belong to the Phlegmariurus clade to occur in the tropics and southern hemisphere 

(Figure 2.6). The Australian species Huperzia australiana and H. serrata are are 

southern outliers belonging to the Huperzia s.s. clade. 
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Figure 2.6 Number of species of Huperzia s.s. and Phlegmariurus typified in 
landmasses derived from Laurasia (yellow), from Gondwana (green) 
and from the Neotropical overlap zone (blue) and the Palaeotropical 
overlap zone (red). This suggests that Huperzia s.s. has a diversity bias 
towards temperate northern hemisphere floras whereas Phlegmariurus 
has a diversity bias towards tropical and southern hemisphere floras.  
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Discussion  

This study presents an expanded phylogenetic hypothesis in which molecular and 

morphology-based phylogenetic trees exhibit greater congruence than has been 

reported previously (Ji et al. 2008, Wikström and Kenrick 1997, Wikström and 

Kenrick 2001, Yatsentyuk et al. 2001). Although differences in the analytical 

approaches used mean that the clade support values cannot be directly compared 

(Douady et al. 2003, Suzuki et al. 2002), the two major clades in the Lycopodiaceae 

and the three subclades in the Huperzioid Lycopodiaceae have been consistently 

recovered and are well supported in all studies presented to date (Ji et al. 2008, 

Wikström and Kenrick 1997, Wikström and Kenrick 2001, Yatsentyuk et al. 2001). I 

consider this hypothesis has sufficient resolution to review the subfamily classification 

of the Lycopodiaceae and the generic placement of the tassel-ferns. 

The phylogenies presented in this chapter confirm the relationship first proposed by 

Wagner and Beitel (1992) who presented the Lycopodiaceae in two clades based on 

analyses of non-DNA characters. These two major clades correspond directly with the 

families Lycopodiaceae and Huperziaceae proposed by Rothmaler (1962) and with the 

subfamilies Lycopodioideae and Huperzioideae presented by Wagner and Beitel 

(1992). Although the decision of taxonomic rank can be an arbitrary one, I consider 

that recognition of these clades at subfamily rank sensu Wagner and Beitel (1992) and 

retention of the family Lycopodiaceae sensu Øllgaard (1987) is a more practical and 

stable approach. Families are one of the ranks of prime importance for field botanists 

(Øllgaard 1987) and the family Lycopodiaceae s.l. is easily defined in the field and is 

already universally accepted. The monophyly of the Lycopodiaceae has been tested in 

several previous studies and is again supported by Bayesian-inference phylogenetic 

analysis of rbcL DNA sequences here. Taxonomic descriptions and keys to the 

subfamilies Lycopodioideae and Huperzioideae based on the evidence presented in 

this chapter are presented in Chapter 4. 

The phylogenetic hypothesis presented confirms the remarkable placement of 

Phylloglossum first recovered by Wikström and Kenrick (1997) who showed that this 

morphologically divergent species was either sister to, or inserted within the Huperzia 

s.l. clade. The relationship between Phylloglossum and Huperzia is taxonomically 

problematic because Huperzia s.l. is rendered paraphyletic in some phylogenetic trees, 
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depending on which datasets and which outgroup taxa are analysed. Further sampling 

of DNA loci, particularly from the nuclear genome, is needed to better resolve the 

insertion position of Phylloglossum. Based on the presently equivocal insertion 

position of Phylloglossum, I consider two approaches for classification: to synonymise 

Phylloglossum within Huperzia s.l.; or to recognise three genera, Huperzia s.s., 

Phylloglossum and Phlegmariurus. I consider the first approach unfavourable because 

the resulting Huperzia would be morphologically very heterogeneous. This approach 

does not recognise the distinct morphological divergences between the three 

Huperzioid clades and it creates a polymorphic genus that is defined by the taxa 

placed into it and not by synapormorphies that can be recognised in the field. Overall I 

prefer a three genus classification of the subfamily Huperzioideae because it 

recognises clades that are recovered in all studies presented to date, it reflects the deep 

divergence times presented previously (Wikström & Kenrick 2001), it reflects the 

divergent life-history strategies present among the genera and it is corroborated by 

several synapomorphies that are clearly identifiable in the field (Ji et al. 2008, 

Wikström and Kenrick 1997, Wikström and Kenrick 2001, Yatsentyuk et al. 2001). 

The genus Phlegmariurus Holub is the only genus that has ever been typified by a 

member of the Huperzia (tassel-fern) clade (Holub 1962). This name was originally 

introduced for a morphological extreme of the epiphytic tassel-ferns with slender 

multibranched strobili. Nonetheless this generic epithet has priority at generic rank for 

the whole tassel-fern clade even though it was originally recognised more narrowly 

(Holub 1962). The name Phlegmariurus is used henceforth in this thesis when 

discussing the tassel-fern clade and the taxonomy of Phlegmariurus. The 

nomenclature of Phlegmariurus and the combinations for this classification are 

presented in Chapter 4 and Appendix 2. A summary of the proposed generic 

definitions is presented below: 

Phylloglossum Kunze – a single terrestrial species with a basal tuber and an 

erect aerial strobilus born on a leafless peduncle, bearing spores with straight 

to convex margins and pointed corners and having gametophytes that are 

initially mycoheterotophic but with a photosynthetic upper surface at maturity;  

Huperzia Bernh sensu stricto – a small genus of temperate terrestrial species 

with erect sessile, strictly homophyllous, bearing detachable bulbils in the axils 
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of sporophylls and bearing spores with concave lateral margins and truncate 

corners and foveolate-fossulate surface ornamentation on both the proximal 

and distal surfaces;  

Phlegmariurus Holub – a large and diverse genus of predominantly tropical 

pendant epiphytic species with spreading or adpressed sporophylls that do not 

bear bulbils and bear spores with straight to convex lateral margins and 

rounded to pointed corners that lack foveolate ornamentation on their proximal 

surfaces. The unique secondarily terrestrial Andean plants still conform to the 

genus Phlegmariurus because they have the spore types of this clade and lack 

bulbils in the strobili. 

Several interesting differences in the biology and life-history strategies are found 

between the Lycopodioid and Huperzioid clades and between the proposed Huperzioid 

genera. All of the Lycopodioid species sampled bear lateral shoots by which they 

spread along the ground to form a genet and by this strategy colonies of Lycopodium 

and Lycopodiella can cover a wide area and persist for a long time. For example, 

colonies of Lycopodiella cernua can be observed in wet tropical Australia established 

over areas of roadside swales covering many hundreds of meters. The ability of roots 

to emerge directly from the stele wherever the stem touches the ground would 

undoubtedly promote the ability of these plants to spread laterally and colonise a broad 

area.  

This character combintion is absent in Huperzioid species, which generally do not bear 

lateral shoots (although their branches can lay along the ground and are weakly 

heteroblastic in some Andean species) and instead retain a tufted habit relatively close 

to their point of initial establishment. Their roots emerge from the stele at a number of 

points but travel down the stem via the broad cortex and emerge at the base of the 

stem where it touches the ground. Thus, their ability to colonise the ground laterally is 

likely to be more limited than for members of the Lycopodioid clade. In the absence of 

the ability to spread from lateral shoots the Huperzioid species have evolved different 

mechanisms of vegetative dispersal more suited to their habitat. Huperzia s.s. have 

specialised anisotomous branchlets called bulbils that abscise to form detached genets 

that can be dispersed to establish new colonies (Gola 2008) and Phlegmariurus can 

layer upon nearby branches from the tips of strobilate branches (Wee 1979). Little is 
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known about the vegetative dispersal, if any, of Phylloglossum, the only Huperzioid 

species that is deciduous and regenerates from an underground organ. A study into the 

respective population genetic dynamics of clonal and non-clonal Huperzioid species 

may yield further information on the dispersal capability, long-term survivorship and 

rate of adaptive change among Lycopodiaceae species. 

The majority of species within the Phlegmariurus clade are epiphytes with long 

pendulous branches and are thereby distinct from members of the Huperzia s.s. clade. 

The exceptions are a small number of Neotropical species that are considered to have 

become terrestrial secondarily (Wikström et al. 1999). This reversion is estimated to 

have occurred approximately 15 million years ago coinciding with the formation of 

alpine habitats during the development of the Andes (Wikström et al. 1999). These 

plants lack pendant shoots but retain the typical spore type of the Phlegmariurus and 

do not develop the bulbils present in Huperzia s.s. Intergrading forms between alpine 

terrestrials and forest-dwelling epiphytes can be observed in the temperate tassel-fern 

Huperzia varia from southern Australia and New Zealand. Based on the habit changes 

observed in this study it is apparent that changes from the epiphytic to the terrestrial 

habit and vice versa are more common at high altitude and in temperate climates than 

in the low atltidude forested tropics. 

The differences between the asexual reproductive strategies of the terrestrial Huperzia 

s.s. and the epiphytic Phlegmariurus appear to reflect to their habit. The bulbils of 

terrestrial Huperzia s.s. are heavy and are dislodged or dropped off and dispersed to 

form new colonies on the ground nearby (Gola 2008). This character would be of little 

apparent benefit to an epiphytic plant with free-hanging pendulous branches because 

the heavy bulbils would be dropped to the forest floor and lost from the population. By 

comparison, the layering of the tips of attached shoots in where they come into contact 

with the host tree is more likely to result in the establishment of a new epiphyte. This 

character is common in epiphytic Phlegmariurus and results in localised colonies on 

tree branches. 

Most epiphytic plants reproduce by releasing a large quantity of tiny wind-dispersed 

propagules such as the minute seeds of orchids and bromeliads or the spores of 

epiphytic ferns (Benzing 1990). The large quantity of minute spores produced by 

epiphytic Phlegmariurus is consistent with this life-history syndrome. Many of the 
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epiphytic Phlegmariurus have large indeterminate multi-branched pendant strobili that 

produce many more sporangia than do their terrestrial counterparts. It is postulated 

that the large size and increased ramification of strobili in this group (compared to all 

other Lycopodiaceae) is an adaptation to the epiphytic habit. Another interesting 

observation relating to spores is the greater degree of complexity in spore surface 

ornamentation among the terrestrial clades compared with the predomoninantly 

epiphytic clade. Little is known about the adaptive or evolutionary implications of 

spore shape and surface ornamentation (if any) in the Lycopodiaceae.  

The Huperzia s.s. and Phlegmariurus clades exhibit a general biogeographic tendency 

for Huperzia s.s to be found in temperate northern hemisphere floras, most of which 

are derived from Laurasia and for species from the Phlegmariurus clade to occur in 

tropical or southern hemisphere floras, most of which are derived from Gondwana. 

Only one Huperzia s.s. species, H. australiana is found in temperate latitudes of the 

southern hemisphere in the Old World (note the unsampled H. hildebrandtii (Herter) 

Tard. from southern Madgascar may also belong to this clade), only a few in 

temperate latitudes of the New World and only one Phlegmariurus clade species, H. 

taxifolia, is found in the temperate latitudes of the New World. The 200 mya 

divergence time for the Huperzia and Phlegmariurus clades estimated by Wikström & 

Kenrick (2001) is not inconsistent with a hypothesis that Huperzia s.s. radiated on 

Laurasia and Phlegmariurus on Gondwana. This biogeographic trend is not as 

apparent in Asia where both Huperzia s.s. and Phlegmariurus species diversity is high. 

Assuming a Gondwanan origin for Phlegmariurus, the ancestors of Asian species 

could have arrived on the raft of India, via Australasia and  or via long-distance trans-

oceanic dispersal. The apparent distributional trends in Huperzia s.s. and 

Phlegmariurus may also be explained by the relative availability of wet temperate 

forest and wet tropical forest habitats which are not evenly distributed in the northern 

and southern hemispheres. 
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Chapter 3 

Phylogenetic analysis of the tassel-ferns and origins of the Australian species 

 
ABOVE: Two epiphytic tassel-fern species, Huperzia phlegmaria s.l. and H. 
squarrosa growing side by side in a mixed-species colony as epiphytes on a horizontal 
branch of a riparian Xanthostemon chrysanthus in Mossman Gorge, Daintree National 
Park, Queensland, Australia.  
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Chapter 3: Phylogenetic analysis of the tassel-ferns and origins of the Australian 

species 

Introduction 

Tassel-ferns are a species-rich clade of predominantly epiphytic plants that are placed 

in the Huperzioid subfamily of the ancient family Lycopodiaceae (Chapter 2). In 

chapter 2 it was proposed that they belong to the genus Phlegmariurus Holub (Chapter 

2), but they are retianed in Huperzia s.l. in this chapter as it precedes the 

nomenclatural review and taxonomic combinations presented in Chapter 4. 

Approximately one quarter of the global taxonomic diversity of tassel-ferns have been 

included in phylogenetic analyses (Ji et al. 2008, Wikström 2001, Wikström and 

Kenrick 1997, Wikström and Kenrick 2000, 2001, Wikström et al. 1999, Yatsentyuk 

et al. 2001). However, sampling from the Australian region has been limited and little 

is known about the phylogenetic origins and diversity of the Australian tassel-ferns. 

The first published molecular phylogenetic study that examined tassel-ferns included 

five Neotropical tassel-ferns, Huperzia campiana, H. cummingii, H. hippuridea, H. 

linifolia and H. wilsoni in a maximum parsimony analysis study of the rbcL DNA 

sequences from 12 Lycopodiaceae (Wikström and Kenrick 1997). This study provided 

the first insight into species diversity of the epiphytic tassel-ferns and supported a 

view that Neotropical tassel-fern species diversification may be relatively recent 

(Wikström and Kenrick 1997). Examination of the tree topology presented suggests 

that the relationship between terrestrial and epiphytic species was not resolved 

(Wikström and Kenrick 1997). Subsequent phylogenetic analyses were more 

comprehensive, including a broader sampling of 44 tassel-fern species from the 

Palaeotropical and Neotropical regions in a maximum parsimony analysis of trnL (C-

F) DNA sequences (Wikström and Kenrick 2000, Wikström et al. 1999). This study 

provided evidence that was used to infer a single and ancient origin of epiphytism in 

tassel-ferns (Wikström and Kenrick 2000, Wikström et al. 1999), and provided the 

first evidence that revealed divergent Neotropical and Palaeotropical species-rich 

clades (Wikström and Kenrick 2000, Wikström et al. 1999). A significant discovery of 

these studies was that presence of secondary terrestrialisation of Andean tassel-ferns, 

the re-derived habit of which had confounded previous attempts to understand generic 

diversity and the origins of epiphytism among tassel-ferns (Wikström and Kenrick 
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2000, Wikström et al. 1999).  A critical examination of the phylogeny presented by 

Wikström and co-workers suggests that homoplasy was common among the shoot 

types of tassel-ferns they sampled (Wikström et al. 1999). The trnL-based 

phylogenetic hypotheses were later corroborated by phylogenetic analysis of 

chloroplast DNA sequences from the loci 23S, ITS and subregions and trnH-psbA for 

smaller subsets of tassel-fern species (Ji et al. 2008, Wikström and Kenrick 2000, 

Yatsentyuk et al. 2001). Only one Australian sample has been included in the DNA 

sequence-based phylogenetic investigations published to date. As a result, little can be 

inferred about the phylogenetic origin or species diversity of tassel-ferns in Australia. 

Australian tassel-ferns have been hypothesised to be autochthonous and considered a 

link to prehistoric rainforests of Gondwana (White 1986). This hypothesis was based 

upon the similarity in homophyllous plant form between the 420 million year old 

fossil Baragwanathia longifolia and the living H. squarrosa (White 1986). The view 

that Australian tassel-ferns are autochthonous and evolutionarily significant was 

adopted without testing in the argument for the selection of the Wet Tropics Bioregion 

for World Heritage listing (Anon. 1987, Goosem 2002). The view that Australian 

tassel-ferns are autochthonous and ancient contrasts explicitly with Wikström 

hypotheses for Australian tassel-ferns which, based on the sampling of one species, 

considers the tassel-ferns of the Australian region to be recent colonists from south-

east Asia (Wikström and Kenrick 2000, Wikström et al. 1999). The ancient and 

endemic hypothesis is not supported by the current distributions of known tassel-fern 

taxa, 30% of which are endemic to Australia and 70% of which are shared with 

overseas floras (Chinnock 1998, Field and Bostock 2008). Phylogenetic investigation 

of the biogeographic relationships among Australian and global tassel-ferns would 

enable an evidence-based determination to be made on these contrasting views on the 

origin of Australian tassel-ferns.  

Nine tassel-fern species, H. carinata, H. dalhousieana, H. filiformis, H. lockyeri, H. 

marsupiiformis, H. phlegmaria, H. phlegmarioides, H. squarrosa and H. 

tetrastichoides (previously H. prolifera) are recognised in the Australian region 

(Andrews 1990, Chinnock 1998, Field and Bostock 2008, Jones and Gray 1985, 

Øllgaard 1987). One taxon is considered Rare, four are considered Vulnerable and 

four are considered Endangered (Briggs and Leigh 1992, Chinnock 1998). The species 
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concepts and monophyly of these taxa has never been assessed using phylogenetic 

evidence. 

Huperzia phlegmaria is considered to be the most common tassel-fern taxon in 

Australia (Briggs and Leigh 1992, Chinnock 1998). It is also the most commonly 

represented tassel-fern taxon in Palaeotropical flora treatments (Brownlie 1977, 

Chinnock 1998, Herter 1923b, 1923c, Holub 1985, Nessel 1939, Øllgaard 1987). 

Species boundaries have been controversial for this taxon, with authors from different 

regions applying incompatible broad-sense and narrow-sense species concepts to the 

same group of plants. When treated in the broadest sense, H. phlegmaria s.l. is 

widespread and common, ranging from Fiji to Africa and it is ranked as the least rare 

tassel-fern in Australia (Anon. 1992, 1999, Briggs and Leigh 1992, Chinnock 1998) 

When treated in a restricted sense, H. phlegmaria s.s. is a species from Asia with more 

than twenty other related species occuring throughout the Palaeotropics including 

several that are rare or localised endemics (Brownlie 1977, Nessel 1939, Tardieu-Blot 

1970).  

Three morphotypes of H. phlegmaria s.l. occur in Australia, the gold-tip tassel-fern, 

the black-stem tassel-fern and the common-coarse tassel-fern and early reviews of the 

tassel-ferns of Australia considered them separate taxa (Domin 1915, Nessel 1939). 

Preliminary DNA sequence phylogenetic evidence indicated that the H. phlegmaria 

s.l. morphology was homoplasious (Wikström et al. 1999). Phylogenetic relationships 

among the three Australian morphotypes of H. phlegmaria s.l. should be investigated 

to determine if their current taxonomic circumscription is appropriate. If Australian H. 

phlegmaria s.l. is polyphyletic (or paraphyletic) it is likely that its current conservation 

ranking is inaccurate (Chapter 1). 

The blue-tassel-fern is considered to be the rarest species in Australia. It is a large and 

homophyllous glaucous-blue species belonging to a morphological group of taxa that 

are distinct from all other tassel-ferns (Øllgaard 1987). This species was first recorded 

in Australia as H. clarae F.M. Bailey in the late 1800s (Bailey 1893). It was later 

identified as the Malesian H. dalhousieana and that name has been used more recently 

in Australia (Andrews 1990, Chinnock 1998, Field and Bostock 2008, Jones and Gray 

1985). Five taxonomically related blue-tassel-ferns from the nearby Malesian and 

Melanesian region have now been described (Øllgaard 1987). They all appear to be 
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extremely rare. Another taxonomically unrelated blue-tassel fern, H. goebelii, has 

been discovered in Asia where it is commonly cultivated. The relationships among 

nomenclaturally grouped and ungrouped blue-tassel-ferns are unknown. Phylogenetic 

resolution of these poorly known taxa would enable determination of whether they 

should be considered as one widespread but very scarce species or multiple, more 

localised, extreme rarities. 

Several attempts have been made over the past century to classify tassel-fern species 

diversity based on readily observed morphological traits so that they can be identified 

(Herter 1949b, 1950, Holub 1991, Nessel 1939, Øllgaard 1987, 1989a). The early 

attempts to delineate groups were based largely on the distinction between the size and 

shape of lycophylls (sterile microphylls) and sporophylls (fertile microphylls). Plants 

were termed ‘homophyllous’ if their lycophylls and sporophylls were similar and 

‘heterophyllous’ if they were dissimilar. More recent attempts have used overall 

similarity between shoot morphology to break-up the diversity of tassel-ferns into 22 

groups (Øllgaard 1987, 1989a). DNA-based phylogenetic studies have provided initial 

evidence that these characters and the groups are likely to be homoplasious (Ji et al. 

2008, Wikström et al. 1999). No study has attempted to include the morphological 

characters in phylogenetic analysis or to map them onto a molecular phylogenetic tree 

to assess their applicability in defining monophyletic groups. It is likely that attempts 

to define the diversity of tassel-ferns have been confounded due to a lack of 

understanding about what constitutes the ancestral shoot type and how the shoot 

system of tassel-ferns evolved following their colonisation of the epiphytic habit. 

In this study I investigate phylogenetic relationships among Australian tassel-ferns 

using a molecular and non-molecular phylogenetic approach to test established 

taxonomic and evolutionary hypotheses. Specifically, I investigate monophyly of the 

Australian tassel-fern species with a particular focus on the unusual and very rare 

Queensland blue-tassel-fern and on the morphologically variable common tassel-fern. 

I then utilise the phylogenetic hypotheses generated to discuss origins of the 

Australian species, ancestral character states of tassel-ferns and the appropriateness of 

the Øllgaard (1987) classification. 
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Materials and Methods 

Taxon sampling  

Taxon sampling followed methods described in Chapter 2. Taxon sampling for 

Chapter 3 focused on the Phlegmariurus clade identified in Chapter 2 as the in-group 

and used members of Huperzia s.s. as the out-group. No fresh material was obtained 

of the important taxon Phylloglossum drummondii despite searches at previously 

vouchered locations in Tasmania and SW Western Australia. Sixty-six taxa were 

sampled including 51 identified and 14 unidentified tassel-fern species (Chapter 2, 

Table 2.2). 132 individuals were sampled, including representatives from all known 

Australian tassel-fern populations as well as representatives from all continents and 

major areas of tassel-fern diversity (Chapter 2 Table 2.1). All of the taxonomic groups 

in the classification by Øllgaard (1987) that were relevant to the Australian taxa were 

sampled. Groups not sampled for genetic analysis included the H. macgregorii group 

from highland Papua New Guinea and the monospecific H. pecten group endemic to 

Madagascar. Samples were taken from within putative mixed-species colonies of 

mature gametophytes and juvenile sporophytes to confirm their morphological 

identification using molecular characters. Several species for which sequences have 

been previously published on GenBank were not included because herbarium 

specimens were either not available, or did not match the identification of voucher 

details published. 

Non-molecular characters 

The morphology characters used in phylogenetic analysis and taxonomic descriptions 

are based on a long-term examination of live cultivated tassel-ferns and herbarium 

specimens. Characters were chosen from features that did not appear to be 

phenotypically plastic when tassel-ferns were cultivated under different environmental 

conditions. Homology between states was assumed where no evidence to the contrary 

was encountered. No prior assumptions were made about which character state 

represented the ancestral state unless explicitly stated in character descriptions. Fifteen 

replicates from three plants were measured to determine the appropriate state to be 

scored for continuous metric characters. More than one state was scored where 

observations or measurements spanned the allocated state boundaries. Several 

characters had states that changed ontogenically (e.g. stem colour). To control for 
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ontogenic changes, all characters were scored from comparable modules of mature 

reproductive shoots. A sexually mature stem was defined as a stem producing strobili 

in which the sporophylls carried mature dehiscent sporangia. 

Stem branching characters 

Several variable and diagnostic characters are present in the stem and branching 

pattern of tassel-ferns. Comparison of plants grown in cultivation indicated that 

maximum size, surface ornamentation, color and lignification of tassel-fern stems 

were widely variable, were diagnostic of species. Several of these characters were 

identified to be non-plastic in comparisons made between the mid-section of the basal 

module of full-grown stems. The basal module of the stem was defined as the stem 

section between the roots and the first branching point and was chosen because it was 

a readily identified homologus plant part. The possibility of interelation between stem 

wall lignification and pigmentation requires further investigation as it was observed 

that woody and darkly pigmented states tended to correlate in some species and may 

suggest they have a common adaptive purpose. 

The order and pattern of shoot branching is highly variable among tassel-ferns and 

provides several diagnostic features. The most common pattern is isodichotomous 

branching with ramifications that are comparatively evenly spaced. In some species 

such as H. subtrifoliata the shoots remain undivided in their basal two-thirds and 

become highly ramified in their apical portion. The opposite is found in other species 

such as H. filiformis which tends to be highly ramified in basal portions but 

unbranched distally. Although the rate of dichotomy was diagnostic for some species 

they were phenotypically plastic in other species (e.g. in H. dalhousieana and H. 

varia). Several problems were encountered in attempts to designing states for this 

variable and it was therefore excluded from analysis. The only readily scorable 

character included was the number of dichotomies present in a mature branches. 

Character definitions for stem and branching are as follows: 

Character 1: diameter of mature stem (mid basal module) 

Investigation of the range of stem diameters present among tassel-ferns did not reveal 

any significant gaps for utility as state boundaries. Therefore arbitrary state boundaries 

were enforced. Two states were coded where the diameter of branches spanned state 
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boundaries. The diameter, measured in millimeters, of the basal module of the mature 

stem of a sporophyte branch was measured halfway between the point of emergence 

from the basal tuft and the first dichotomy. This character is continuous and 

quantitative with four states defined as follows: (0) stem base diameter 0 to < 2 mm; 

(1) stem base diameter 2 to < 5 mm; (2) stem base diameter 5 to < 10 mm; (3) stem 

base diameter ≥ 10 mm. 

Character 2: colour of mature stem (mid basal module) 

The immature stem colour of tassel-ferns is a pale whitish-green with the stems of 

some taxa gradually becoming pigmented when exposed to light as the stems mature. 

Observation of plants in cultivation showed that pigmentation becomes stable in the 

basal module of the shoot when the plant reaches sexual maturity, and for this reason 

the mid-point of the basal-module was chosen for scoring. The change from one state 

to the other is continuous. Where an intermediate or ambiguous stem-colour was 

encountered both applicable states were scored. This character has three qualitative 

states defined as follows: (0) stem basal sections whitish-green at maturity (no 

darkening); (1) stem basal sections yellowish-brown at maturity; (2) stem basal 

sections dark purplish-black at maturity. 

Character 3: stem ridges and grooves 

The lycophylls of tassel-ferns are borne in longitudinal lines (see discussion in 

Phyllotaxy and orientation of lycophylls). The longitudinal lines of some species form 

as distinct flat-topped, domed or keeled longitudinal ridges with longitudinal chanels 

between them. I suspect these structures are associated with stem strengthening and 

have a developmental origin associated with elongation of the lycophyll base along the 

stem. This character was non-plastic in mature stems of all species examined and was 

scored in the mid-section of the basal module of full grown sexually mature plants. 

This character is qualitative with four states as follows: (0) longitudinal ridges weak or 

indistinct (Fig. 3.1a); (1) longitudinal ridges and grooves disctint, ridges flat in cross 

section (Fig. 3.1b); (2) longitudinal ridges and groves distinct, ridges domed in cross 

section (Fig. 3.1c); (3) longitudinal ridges and groves distinct, ridges keeled in cross 

section (Fig. 3.1d). 
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Figure 3.1 Stem surface structure (a) longitudinal ridges and grooves indistinct; 
(b) longitudinal ridges flat in cross section; (c) longitudinal ridges 
domed; (d) longitudinal ridges keeled. All examples are shown on a 
stem with eight longituinal rows (four lycopylls per sub-spiral whorl). 

Character 4: lignification of mature stem wall 

The stem and stem wall of tassel-ferns is herbaceous but the outer wall in the basal 

sections of stems matures to become thick and lignified in some species. The 

lignification of the outer wall was observed by light microscope examination of hand 

cut Phloroglucinol-HCl stained transverse sections cut from the mid section of the 

basal module of a mature tassel-fern stem (note the same sections were used as Chap. 

2 Char. 29). This character is continuous between two states defined as follows: (0) 

stem wall firm fleshy (not distinctly lignified compared to cortex); (1) stem wall hard 

and woody (distinctly lignified compared to cortex). Both states were scored where 

ambiguous of intermediate characters were observed. 

Character 5: number of dichotomies in lycophyllous zone 

This character scores the number of dichotomies in the entire non-fertile lycophyllous 

zone of a reproductively mature branch. It has six states defined as follows: (0) 0 

(unbranched); (1) 1; (2) 2; (3) 3; (4) 4; (5) ≥ 5. Where more than one state was present 

among plants scored, both states were scored for analysis. 

Character 6: number of dichotomies in sporophyllous zone 

This character scores the number of dichotomies in the entire fertile sporophyllous 

zone of a reproductively mature branch. It has six states defined as follows: (0) 0 

(unbranched); (1) 1; (2) 2; (3) 3; (4) 4; (5) ≥ 5. Where more than one state was present 

among plants scored, both states were scored for the analysis. 

(a) (b) (c) (d) 
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Phyllotaxy and lycophyll characters 

I consider the phyllotaxy of tassel-ferns to be orthostichous with microphylls borne on 

alternating longitudinal rows that correspond with primordia in the shoot apex. The 

lycophylls emerge in repeated sub-spiral-whorls along the stem and the number of 

lycophylls emerging at any one point equalls half the total number of longitudinal 

rows. The lycophylls do not emerge in strict whorls but in offset sub-spiral-whorls 

which may be closely or widely spaced. In some taxa the sub-spirals are close set and 

the phyllotaxy appears to spiral and in others they are widely spaced appearing as 

discrete whorls with stem visible between them. This arrangement has probably given 

rise to inconsistency in previous of the lycophylls being arranged in both whorled or 

spiraling phyllotaxies (e.g. Jonse & Clemesha 1980, Andrews 1990, Chinnock 1998). 

The base number of longitudinal rows appears to be four, corresponding four 

microphyll primordia in the shoot apex. Four longitudinal rows produces alternating 

sub-spiral-whorls of two microphylls, six longitudinal rows produces sub-whorls of 

three microphylls, eight longitudinal rows produces sub-spiral-whorls of four 

microphylls and so on (Figs. 3.1 and 3.2). 

In plants with low numbers of longitudinal rows (e.g. H. tetrasticha and H. carinata) it 

is relatively easy to interpret the phyllotaxy, but in plants with larger numbers of 

longitudinal rows (e.g. H. squarrosa and H. funiformis) it can be difficult to interpret 

the phyllotaxy without marking and removing the lycophylls systematically. The 

phyllotaxy usually has the highest order of complexity (e.g. Fig. 3.2 '8') in the basal 

modules of shoots with a reduction in the number of parts per sub-spiral-whorl 

occuring at divisions and as the shoot elongates in some species (e.g. within the H. 

phlegmaria s.l. group). Although the phyllotaxy was observed to change from the base 

to the apex of the shoot in some species, the phyllotaxy within the basal modules and 

within the distal modules was usually consistent between replicates examined within 

plants and within species. The basal module between the roots and first dichotomy, 

and the distal modules between the last dichotomy and strobilus can be readily 

identified in incomplete specimens and for this reason they were chosen for 

consistency in coding. 
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Figure 3.2 Six examples of phyllotaxy ranging from the simplest form, two 
alternating sub-spiral whorls of two (2) to two alternating sub-spiral 
whorls or eight (8). 

 

Figure 3.3 Comparison between (a) two alternating sub-spiral whorls of four and 
(b) two alternating sub-spiral whorls of two. 

 

Figure 3.4 Comparison between (a) adze-plane occurs when the adaxial surface of 
the lycophyll faces the stem in the same manner found between the 
head and haft of an adze and (b) an axe-plane occurs when the adaxial 
surface of the lycophyll is perpendicular to the stem in the same 
manner found  the head and haft of an axe. 

 

 

(a) (b) 

(a) (b) 
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Figure 3.5  Lycophyll orientations found among the tassel-ferns sampled: (a) 

 lycophylls sessile borne in an adze plane; (b) lycophylls sessile borne in 

an twised or oblique axe-plane; (c) lycophylls petiolate borne in a 

twisted or oblique axe-plane; (d) lycophylls sessile borne in an adze-

plane, carinate and folded on stem so that the whole shoot is multi-

faceted in cross section; (e) lycophylls sessile borne in four radiating 

axe-planes; (f) lycophylls sessile borne in a two flat planes so that the 

whole shoot is flat in cross section. Additional lycophyll orientations 

occur in tassel-fern taxa that were not sampled (e.g. H. trigona (C.Chr.) 

Tardieu). 

(a) (b) (c) 

(d) (e) (f) 
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Character 7: lycophyll phyllotaxy  

Lycophyll phyllotaxy was scored for the distal module of a reproductively mature 

branch halfway between points of dichotomy. The distal module was chosen because 

it could be readily identified and because it was generally non-plastic. This has six 

discrete quantitative states defined as follows: (0) 2 alternating sub-whorls of 2; (1) 2 

alternating sub-whorls of 3; (2) 2 alternating sub-whorls of 4; (3) 2 alternating sub-

whorls of 5 (bottom left); (4) 2 alternating sub-whorls of 6; (5) 2 alternating sub-

whorls of 7 or more. Where more than one state was present, both were scored. 

Character 8: lycophyll plane 

Six recurring lycophyll planes were present among the tassel-ferns examined (Fig. 

3.5). In general the lycophyll plane was non-plastic throughout the development of the 

branch but for consistency was scored for the mid section of distal modules of a non-

fertile shoots. Six discrete states were scored for this character as follows: (0) 

lycophylls sessile borne in an adze plane (Fig. 3.5a); (1) lycophylls sessile borne in an 

twised oblique axe-plane (Fig. 3.5b); (2) lycophylls petiolate borne in a twisted or 

oblique adze-plane (Fig. 3.5c); (3) lycophylls sessile borne in an adze-plane but folded 

on stem so that the whole shoot is quadrangular in cross section (Fig. 3.5d); (4) 

lycophylls sessile borne in four radiating axe-planes (Fig. 3.5e); (5) lycophylls sessile 

borne in one plane so that the whole shoot is flat in cross section (Fig. 3.5f). 

Additional lycophyll orientations occur in tassel-fern taxa not sampled such as H. 

trigona (C.Chr.) Tardieu which has lycophylls flattened in three axe-planes. 

Character 9: lycophyll divergence angle 

Lycophyll divergence angle was measured for between the stem axis and a line 

between the lycophyll base and apex. Lycophyll divergence angle was measured for 

typical undamaged lycophylls on the mid section of the distal module of a 

reproductively mature branch. This character is continuous and quantitative with four 

states defined as follows: (0) adpressed; (1) acutely divergent (≤ 45o degrees; (2) 

obtusely divergent (>45o to <90o); (3) reflexed (≥ 90o). 

Character 10: lycophyll length width ratio 



82 

The length to width ratio was measured for typical lycophylls in the mid section of the 

basal module of the shoot. This character is discrete and quantitative with four states 

defined as follows: (0) 1:1 to < 2:1; (1) 2:1 to < 4:1; (2) 4:1 to < 7:1; (3) ≥ 7:1. 

Character 11: lycophyll length 

The length of lycophylls was measured for typical lycophylls in the mid section of the 

basal module of a reproductively mature branch. This character is continuous and 

quantitative with seven states defined as follows: (0) 0 to < 5 mm; (1) 5 to < 10 mm; 

(2) 10 to < 15 mm; (3) 15 to < 20 mm; (4) 20 to < 25 mm; (5) ≥ 25 mm. 

Character 12: lycophyll width 

The width of lycophylls was measured for typical lycophylls in the mid section of the 

basal module of a reproductively mature branch. This character is continuous 

quantitative with seven states defined as follows: (0) 0 to < 2 mm; (1) 2 to < 4 mm; (2) 

4 to < 6 mm; (3) 6 to < 8 mm; (4) 8 to < 10 mm; (5) 10 to < 12 mm; (6) ≥ 12 mm. 

Character 13: lycophyll shape and widest point 

The position of the widest point of the lycophyll was used in conjunction with 

lycophyll shape to remove subjective differences between shape names traditionally 

used. The distance along the lycophyll of the widest point was measured in the mid 

section of the basal module of the shoot. This character is discrete and quantitative 

with six states defined as follows: (0) widest point at the base (lingulate, triangular, 

acerose, subulate and ensiform); (1) between base and 1/8th from base (cordato-

lanceolate); (2) 1/8th to 1/3 from base (ovate or lanceolate widest below middle); (3) 

1/3 to 2/3 from base (elliptical or orbicular); (4) above 1/3 from base (obovate or 

oblanceolate). 

Character 14: lycophyll apex  

The shape of the apex of lycophylls is diagnostic for H. marsupiiformis, H. 

nummulariifolia and several other species. The lycophyll apex shape was observed for 

typical lycophylls in the mid section of the second modules of a reproductively mature 

branch. This character is qualitative with three states defined as follows: (0) attenuate; 

(1) acute; (2) obtuse. 
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Character 15: lycophyll and sporophylls margins involute 

The abaxial margins of H. caudifolia, H. clarae, H. dalhousiana and H. magnifica 

lycophylls and sporophylls involute (in-roll) when the shoot becomes desicated and 

were scored following examination with a 10 x lense. This character is qualitative with 

two discrete states defined as follows: (0) lycophyll and sporophyll margins not 

involute; (1) lycophyll and sporophyll margins involute. 

Character 16: Lycophyll margins toothed 

Minute teeth on the margins of lycophylls have been reported for a variety of 

Lycopodiaceae including several species of tassel-ferns. The presence of absence of 

minute teeth on the lycophyll margins was examined using a 10 x lense for typical 

lycophylls in the mid section of the basal modules of a reproductively mature shoots. 

This character is qualitative and discrete with two states defined as follows: (0) 

lycophyll margin teeth absent; (1) lycophyll margin teeth present. 

Character 17: Lycophyll margins thickened 

The abaxial margins of lycophylls of H. billardierei and H. varia appear thickened 

when examined with a 10 x lense. This feature continues down the stem along the 

longitudinal stem ridge and a deep channel is formed between alternating ridges. This 

character was phenotpyically stable and present in all parts of the shoot but was scored 

for the mid section of the basal modules of a reproductively mature shoots. This 

character is qualitative with two discrete states defined as follows: (0) abaxial margins 

of lycophyll not thickened; (1) abaxial margins of lycophylls thickened. 

Character 18: Lycophylls and sporophylls glaucous 

The lycophylls and sporophylls of most tassel-ferns are a glossy green but a number of 

species (e.g. H. dalhousieana, H. goebellii and H. carinata) have a coating of 

epicuticular wax powders that gives them a dull glaucous blue-green appearance. The 

presence or absence of epicuticular wax powders was phenotypically stable among the 

cultivated plants examined and was scored based on macroscopic examination. This 

character is qualitative with two states defined as follows: (0) lycophylls and 

sporophylls not glaucous; (1) lycophylls and sporophylls glaucous. 
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Character 19: stomata 

The position of stomata on lycophylls was determined by the examination of 25 

lycophylls per species using a 40 x stereomicroscope. Lycophylls were marked on the 

abaxial surface prior to removal from the shoot and were then removed from the stem 

and examined in a petri dish or on a microscope slide with a well. The lycophylls were 

submersed in water to reduce the surface reflectance of species with a shiny cuticle or 

the opacity of epicuticular waxes in species with a glaucous cuticle. Three discrete 

states were present among the taxa examined: (0) lycophylls hyperstomatic/ stomata 

on adaxial surface only; (1) lycophylls amphistomatic (stomata on both surfaces even 

if more frequent on one surface than the other); (2) lycophylls hypostomatic 

(lycophylls with stomata on the abaxial surface only). 

Strobilus and sporophyll characters 

Several characters of sporophylls were observed to change independently of those 

scored for lycophylls. These included their phyllotaxy, angle of divergence, plane of 

orientation and their size and shape. For this reason several characters of sporophylls 

were scored separately as follows. Sporophylls were invariantly oriented in an adze-

plane irrespective of the plane present in lycophylls. 

Character 20: sporophyll phyllotaxy 

Sporophyll phyllotaxy was scored using the same character set for lycophyll 

phyllotaxy: (0) alternating sub-whorls of 2 sporophylls; (1) alternating sub-whorls of 3 

sporophylls; (2) alternating sub-whorls of 4 sporophylls; (3) alternating sub-whorls of 

5 or more sporophylls; (4) alternating sub-whorls of 6 sporophylls; (5) alternating sub-

whorls of 7 or more. 

Character 21: sporophyll divergence angle (degrees divergent from stem) 

Sporophyll divergence angle measured for a typical sporophyll sampled from the mid 

section of a distal module of the strobilus. This character is continuous and 

quantitative with four states defined as follows: (0) adpressed; (1) acutely divergent (≤ 

45o degrees; (2) obtusely divergent (>45o to <90o); (3) reflexed (≥ 90o). 

Character 22: sporophylls carinate or not carinate 
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The presence or absence of a keel on the abaxial surface of sporophylls has been used 

to diagnose between tassel-fern species. This character is qualitative with two states 

defined as follows: (0) sporophylls not carinate (no keel present on abaxial sporophyll 

surface); (1) sporophylls carinate (keel present on abaxial sporophyll surface). 

Character 23: sporophyll length to width ratio 

Sporophyll length to width ratio was measured for a typical sporophyll sampled from 

the mid section of a distal module of the strobilus. This character is discrete and 

quantitative with four states defined as follows: (0) 1:1 to < 2:1; (1) 2:1 to < 4:1; (2) 

4:1 to < 7:1; (3) ≥ 7:1. 

Character 24: sporophyll length 

Sporophyll length was measured for a typical sporophyll sampled from the mid 

section of a distal module of the strobilus. This character is continuous and 

quantitative with seven states defined as follows: (0) 0 to < 2 mm; (1) 2 to < 5 mm; (2) 

5 to < 10 mm; (3) 10 to <15 mm; (4) 15 to < 20 mm; (5) ≥ 20 mm. 

Character 25: sporophyll width 

Sporophyll width was measured for a typical sporophyll sampled from the mid section 

of a distal module of the strobilus. This character is continuous and quantitative with 

seven states defined as follows: (0) 0 to < 2 mm; (1) 2 to < 4 mm; (2) 4 to < 6 mm; (3) 

6 to < 8 mm; (4) 8 to <10 mm; (5) 10 to <12 mm; (6) ≥12 mm. 

Character 26: sporophyll apex 

Sporophyll apex shape was observed for a typical sporophyll sampled from the mid 

section of a distal module of the strobilus. This character is qualitative with three 

states defined as follows: (0) attenuate; (1) acute; (2) obtuse. 

Character 27: sporophyll to sporangia length ratio0 

Sporophyll to sporangia length ratio was observed for a typical sporophyll sampled 

from the mid section of a distal module of the strobilus. This character is discrete and 

quantitative with four states defined as follows: (0) 1:1 to < 2:1; (1) 2:1 to < 4:1; (2) 

4:1 to < 7:1; (3) ≥ 7:1. 
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Character 28: habit 

This character has two states observed as follows: (0) habit terrestrial; (1) habit 

epiphytic. 

Character 29: range (post hoc mapping only) 

This character was scored for the origin of the sample and for the geographic range of 

the taxon for two separate post-hoc mapping excercises. This character was mapped 

with eight states defined as follows: (0) Australia; (1) Pacific; (2) Malesia; (3) 

Laurasia; (4) Madagascar; (5) Africa; (6) South America; (7) Central America; (8) 

North America. 

Character 30: Øllgaard groups (post hoc mapping only) 

Øllgaard (1987) grouped the diversity of tassel-ferns into 21 informal groups, 12 of 

which occur in the Palaeotropics. Taxa were scored into their species groups for post 

hoc mapping using the placements of Øllgaard (1987) as follows: (0) hamiltonii 

group; (1) carinata group; (2) gnidioides group; (3) dalhousieana group; (4) varia 

group; (5) verticillata group; (6) hippuris group; (7) cancellata group; (8) phlegmaria 

group; (9) squarrosa group. The Huperzia macgregorii group and Huperzia pecten 

groups also occur in the Palaeotropics but were not sampled. 

DNA extraction, amplification and sequencing 

The laboratory methods for DNA extraction, amplification and sequencing followed 

those described in Chapter 2. Sequences were generated for the four chloroplast loci, 

trnL (C-F), psbA-trnH, aCCD and ycf5 (Table 3.2). Gap-coding data matrices were 

generated for the indels in the trnL (C-F) and psbA-trnH loci using SeqState repeating 

methods described in Chapter 2. Lengths of generated DNA sequence alignments, 

number of variable positions, evolutionary model applied in analyses and the number 

of gap-code characters incorporated into final analyses are presented in Table 3.3 

(complete DNA alignment matrices for each of the analyses are documented in 

Appendix 1).  

Table 3.2 Primers used in PCR to amplify the DNA loci used for phylogenetic 
analysis of the tassel-ferns.  
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Locus Direction Primer sequence 5’ – 3’  
trnL (C-F) C CGAAATCGGTAGACGCTACG 
 F ATTTGAACTGGTGACACGAG 
trnH-psbA f ACTGCCTTGATCCACTTGGC 
 r CGAAGCTCCATCTACAAATGG 
aCCD 1f AGTATGGGATCCGTAGTAGG 
 4r TCTTTTACCCGCAAATGCAAT 
ycf5 1f GGATTATTAGTCACTCGTTGG 
 4r CCCAATACCATCATACTTAC 

Table 3.3 Summary statistics for the five molecular alignments and non-DNA 
character set used for phylogenetic analysis of the tassel-ferns.  

Matrix Alignment 
length 

Variable 
positions 

Substitution 
model 

Gap-coding 
matrix 

trnL (C-F) 714 529 HKY+G 75 
trnH-psbA 338 227 GTR+G 15 
aCCD 246 15 HKY+G 0 
ycf5 202 4 HKY+G 0 
Non-molecular 30 30 JC - 

Phylogenetic analyses 

The methods of phylogenetic analyses of the molecular and non-molecular data 

matrices followed the protocol documented in Chapter 2. Bayesian inference 

phylogenetic analyses were performed for each of the following data matrices: (i) trnL 

(C-F) alignment with gap-coding; (ii) psbA-trnH alignment with gap-coding; (iii) 

aCCD alignment; (iv) ycF5 alignment; (v) trnL (C-F) with gap-coding, psbA-trnH 

with gap-coding and aCCD; (vi) trnL (C-F) with gap-coding, psbA-trnH with gap-

coding and aCCD with non-molecular alignment; (vii) psbA-trnH alignment with gap-

coding for all replicates of H. phlegmaria and related taxa; (viii) non-molecular 

dataset for all living collections of the phlegmarioid clade. All phylogenetic analyses 

were repeated a minimum of three times to confirm consistency of results.  

Mapping of non-molecular characters onto phylogeny 

Non-molecular characters were mapped post-hoc onto the phylogenetic tree resulting 

from the combined analysis of the trnL (C-F), trnH-psbA, aCCD and non-molecular 

data matrices using the software MacClade v. 4.08 following protocols detailed in the 

MacClade manual (Maddison and Maddison 2008). 
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Results 

Phylogenetic analyses 

Bayesian inference phylogenetic analysis of the combined three-locus trnL (C-F), 

psbA-trnH and aCCD and non-molecular data matrices (Figure 3.6) was compared 

with analyses excluding the non-molecular data matrix (Figure 3.7).  The inclusion of 

non-molecular data did not significantly alter the overall tree topology and the same 

major clades and support values were recovered in both analyses. The Phlegmariurus 

clade includes sister Neotropical and Palaeotropical clades, both of which exhibit 

strong posterior probability support (Figure 3.6 & 3.7 clades A & B). All Australian 

taxa were inserted in the Palaeotropical clade (Figure 3.6 & 3.7 clade B). Three 

Australian taxa, H. dalhousieana, H. filiformis and H. varia were borne on long 

branches that are inserted in a moderately supported clade sister to the remainder of 

the Palaeotropical species (Figure 3.6 & 3.7, clade C). Four Australian taxa, H. 

lockyeri, H. marsupiiformis, H. squarrosa and H. tetrastichoides are inserted in a 

clade of squarrosoid species interspersed with exotic taxa (Figure 3.6 & 3.7, clade E). 

This clade is well supported but its internal branch lengths are short and the positions 

of several taxa are not resolved in DNA-only analyses (Figure 3.6 & clade E). In 

analyses containing morphological data a subclade containing H. squarrosa and 

related species with terete bottlebush strobili and another containing H. tetrasticha and 

related species with quadrangular strobili are recovered within the squarrosoid clade 

(Figure 3.7 clade E). The sister clade to the squarrosoid clade is the phlegmarioid 

clade (Figure 3.6 & 3.7 clade F). Three Australian taxa, H. carinata, H. phlegmaria 

s.l. and H. phlegmarioides were inserted in this strongly supported clade (Figure 3.6, 

clade F). Internal relationships within this clade are more strongly resolved than for 

the preceding clade and posterior probability support of the nodes are higher. Within 

this clade is a subclade of species related to H. phlegmaria (Figure 3.6, clade G) and 

the species H. phlegmaria s.l. is paraphyletic.  
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Figure 3.6 Fifty percent majority rule phylogram from the MrBayes analysis of the 
combined trnL (C-F), trnH-psbA, aCCD and non-molecular data 
matrices for 34 tassel-ferns and 2 fir-mosses with Lycopodium 
obscurum as the outgroup. Bayesian posterior probabilities are shown 
adjacent branches and the scale bar represents expected changes per 
site.  
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Figure 3.7 Fifty percent majority rule phylogram from the MrBayes analysis of the 
combined trnL(C-F), trnH-psbA, aCCD of 34 taxa with Lycopodium 
obscurum as the outgroup. Bayesian posterior probabilities are shown 
adjacent branches and the scale bar represents expected changes per 
site. Branch lengths annotated // are truncated. 
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Bayesian inference phylogenetic analyses of the trnL (C-F) alignment included greater 

within species replication and a more comprehensive suite of taxa from outside of 

Australia, in particular from the Madagascan, African and Neotropical regions (Figure 

3.8 & 3.9). The overall topology of the main clades in this phylogeny is the same as 

for the preceding analyses with and without indel coding. The taxa are divided into 

Neotropical and Palaeotropical clades (Figure 3.8 & 3.9, clades A & B) and the 

Palaeotropical clade is divided into basal taxa, and a derived clade (Figure 3, clade C 

& D) containing the squarrosoid (Figure 3.8 & 3.9, clade E) and phlegmarioid sister 

clades (Figure 3.8 & 3.9, clade F) described above. The insertion position of Huperzia 

funiformis is anomalous because it is was sampled from the Neotropics but is inserted 

in the Palaeotropical clade, similarly H. ophioglossoides was sampled from the 

Palaeotropics and is inserted in the Neotropical clade.  

The majority of the Australian species are monophyletic in this analysis, the 

exceptions being H. squarrosa and H. phlegmaria s.l. which are both polyphyletic 

(Figure 3.8 & 3.9). In general, H. squarrosa and related species exhibited limited 

degrees of sequence divergence in the trnL (C-F) locus, in contrast to their 

morphological divergence. In particular, lycophyll and sporophyll phylotaxy and size 

distinction between fertile and non-fertile did not appear to be indicative of 

relationships between species. Overall H. phlegmaria s.l. exhibited the greatest DNA-

sequence and morphological variation out of the species sampled. The three Australian 

morphotypes of H. phlegmaria s.l. are inserted in separate strongly supported 

subclades within the phlegmaria clade and are interspersed among exotic H. 

phlegmaria group species (Figure 3.8 & 3.9 clade G). Huperzia dalhousieana is 

positioned on the longest single species branch within the phylogeny but exhibits 

limited within species divergence within the Australian population (no exotic 

collections could be attained for molecular analysis). Two Madagascan taxa, H. 

dacrydioides and H. holstii, form a clade (Figure 3.8 & 3.9 clade E subclade), whereas 

the Madagascan H. megastachya is inserted in the squarrosoid clade among 

Australasian taxa and H. tardieuae in the phlegmarioid clade among Australasian taxa. 

In both instances the Madagascan species represent morphologically robust extremes 

of their clades. The three endemic Australian taxa H. lockyeri, H. marsupiiformis and 

H. tetrastichoides show links with Malesia and do not form an Australian endemic 

clade. 
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Figure 3.8 Fifty percent majority rule phylogram from the MrBayes analysis of the 
trnL (C-F) dataset without indel-coding with Phylloglossum drummondii as outgroup. 
Bayesian posterior probabilities are shown adjacent branches and the scale bar 
represents expected changes per site. 
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Figure 3.9 Fifty percent majority rule phylogram from the MrBayes analysis of the 
trnL (C-F) dataset with indel-coding with Phylloglossum drummondii 
as outgroup. Bayesian posterior probabilities are shown adjacent 
branches and the scale bar represents expected changes per site. 
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Bayesian inference phylogenetic analysis of the psbA-trnH locus corroborates the 

topology and support values of the major clades recovered in the preceding analyses 

(Figure 3.10 & 3.11) but differences are present in the insertion position of long-

branch Palaeotropical species. In this analysis, H. dalhousieana and H. filiformis were 

inserted in unresolved positions (Figure 3.10 & 3.11) and did not belong to a clade as 

in the trnL(C-F) analyses (Figure 3.8 clade C). Topology within the Neotropical and 

Palaeotropical clades was closely comparable to analyses of other loci but internal 

resolution within the Palaeotropical squarrosoid clade (Figure 3.10 & 3.11, clade E) 

was limited to several closely related species pairs, with all other taxa belonging to 

this clade being arranged in a polytomy. Huperzia squarrosa is paraphyletic in this 

analysis, with several morphologically and genetically distinct species being nested 

among plants identified as H. squarrosa (Figure 3.10 & 3.11 clade E). 

The psbA-trnH analysis includes a richer representation of species from the 

phlegmarioid clade (Figure 3.10 & 3.11, clade F). This clade includes two strongly 

supported subclades, the phlegmaria subclade (Figure 3.10 & 3.11, clade G) and the 

phlegmarioides subclade (Figure 3.10 & 3.11, clade H). The phlegmarioides subclade 

includes some of the most morphologically distinct species including H. carinata, H. 

nummulariifolia and H. phlegmarioides (Figure 3.10 & 3.11, clade H). The Asian 

blue-tassel-fern H. goebelii belongs to this derived clade and is not related to the 

Australian blue-tassel-fern H. dalhousieana. Huperzia phlegmaria s.l. is polyphyletic 

in this (and all preceeding) analysis with the three Australian morphotypes being 

interspersed among exotic species such as H. salviniodies, H. trifoliata and H. 

tardieuae (Figure 3.10 & 3.11, clade G). One plant identified as H. phlegmaria s.l. ‘D’ 

from the Philippines and from NE Sabah (Figure 3.10 & 3.11 ARF0709 & ARF0816) 

is not inserted in the phlegmaria clade (Figure 3.10 & 3.11, clade D). This Philippine 

species was putatively re-identified as H. elmeri (Herter) Holub based on a 

comparison with the type of that species. Huperzia phlegmaria s.l. is paraphyletic 

because the phlegmaria clade contains several morphologically distinct species such 

as H. salvinioides that are not included in the H. phlegmaria s.l. concept. The diversity 

associated with H. phlegmaria is divided into weakly supported subclades (Figure 

3.10 & 3.11, clades F, G & H). 
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Figure 3.10 Fifty percent majority rule phylogram from the MrBayes analysis of the 
trnH-psbA dataset without indel-coding. Tree rooted with Huperzia s.s. 
Bayesian posterior probabilities are shown adjacent branches and the 
scale bar represents expected changes per site. 
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Figure 3.11 Fifty percent majority rule phylogram from the MrBayes analysis of the 
trnH-psbA dataset without indel-coding. Tree rooted with Huperzia s.s. 
Bayesian posterior probabilities are shown adjacent branches and the 
scale bar represents expected changes per site. 
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Analysis of the morphological data matrix for the phlegmarioid clade recovers 

topology and subclades comparable to those recovered in analyses of the trnL (C-F) 

locus and the trnH-psbA locus but with lower support values (Figure 3.12). Within the 

phlegmaria subclade are three subclades corresponding with the three morphotypes 

present in Australia. The 'gold-tipped' species form a well supported clade containing 

both Australian and Malesian collections. All specimens of the gold-tip tassel-fern 

(phlegmaria ‘A’) had densely arranged linear lanceolate lycophylls with a twisted base 

and are only very shortly petiolate. The lycophylls of the penultimate divisions are 

arranged in alternating subwhorls of three to five and the sporophylls are in alternating 

subwhorls of two with each sporophyll having a long pointed apex. The stems are 2-7 

mm in diameter and are dark reddish-brown at the base when mature and bear distinct 

interstichal grooves. The immature lycophylls of shoot apices are a yellow-white and 

mature lycophylls a dark green. The 'black-stemmed' species Huperzia salvinioides 

from the Philippines, H. borneensis from Sabah, H. subtrifoliata and H. trifoliata from 

Fiji and H. cf. phlegmaria from Malesia also form a well supported clade. All 

specimens of the black-stem tassel-fern (phlegmaria ‘B’) have shorter and firmer, 

ovate to ovate-lanceolate lycophylls that are distinctly petiolate and lack a twisted and 

oblique base. The lycophylls of the penultimate division of shoots are arranged in 

alternating subwhorls of three and the sporophylls are arranged in alternating 

subwhorls of three. The stems are slender (2-5 mm in diameter), are dark blackish-

brown when mature and have indistinct interstichal grooves. All specimens of the 

coarse tassel-fern (phlegmaria ‘C’) belong to a weakly supported clade. These 

collections are identified by the absense of features present in the other clades - e.g. 

the absence of dark-stems and the absence of bicoloured shoots, and as a result have 

fewer synapomorphies. All Australian and Malesian specimens of the coarse tassel-

fern (phlegmaria ‘C’) have large and sparsely arranged lanceolate lycophylls with an 

oblique base and a distinct petiole. The lycophylls of the apical portions of the shoots 

are commonly arranged in alternating subwhorls of four and the sporophylls are 

sparsely arranged in alternating subwhorls of three. The stems are thick (5-15 mm in 

diameter), the interstichal grooves are deep and distinct and the stems are pale green 

with a soft yellow-brown blush developing at their base in mature branches.  

 

 



98 

 

Figure 3.12 Fifty percent majority rule phylogram from the MrBayes analysis of the 
non-DNA data matrix of 55 living tassel-ferns in cultivation. Tree 
rooted with H. varia. Bayesian posterior probabilities are shown 
adjacent branch nodes; scale bar represents expected changes per site. 
The three Australian morphotypes form weakly to moderately 
supported clades. Branches lengths annotated // are truncated. 
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Character mapping 

The results of mapping of non-molecular characters onto the phylogenetic tree from 

the Bayesian inference phylogenetic analysis of the three locus and morphological 

data matrices are presented in Figures 3.13 to 3.18. Few of the non-DNA characters 

scoped elucidated relationships that were congruent with those recovered by molecular 

analyses. Most of the continuous characters relating to size and shape were highly 

polymorphic within species or were homoplasiois. Congruence between DNA-inferred 

and morphology-inferred relationships were generally absent for the major tassel-fern 

clades and were usually only only present for closely related species groups. 

Based on the sample set analysed, the epiphytic habit is an apomorphy for tassel-ferns 

with the terrestrial habit of a group of Neotropical species being secondarily derived 

(Figure 3.13). This is one of the few characters scoped that defines any of the major 

clades recovered, and even it is not a strict synapomorphy. The Neotropical and 

Palaeotropical range were mostly congruent with the two major Phlegmariurus clades 

in the sample set analysed (Figure 3.14) but there are species that appear to have 

dispersed from one range (e.g. Figures 3.3, 3.4 and 3.14).  

 

Figure 3.13 Plant habit (Char 28 states 0/1) mapped onto the cladogram based on 
the phylogenetic tree presented in Figure 3.6. The epiphytic habit 
appears to be an apomorphy for the tassel-fern clade that has been 
reversed in several Neotropical taxa. 
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Figure 3.14 Neotropical or Palaeotropical origin (Char 29 states 0,1,2,3,4,5/6,7,8) 
mapped onto the cladogram derived from Figure 3.6. All of the 
Neotropical tassel-ferns belong to one clade with the exception of H. 
funiformis, which is inserted in the Palaeotropical clade. 

 

 

Figure 3.15 Geographic distribution (Char 28) mapped onto the cladogram derived 
from Figure 3.6. The Australian region is recovered as the ancestral 
state for the core Palaeotropical clade as an artifact of sampling bias in 
that region. Most of the derived species clades contain species of 
diverse geographic origins. 
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The number of lycophylls per subwhorl appeared to be a poor indicator of relatedness 

among tassel-ferns, with many species exhibiting polymorphisms and with those that 

were non-polymorphic being homoplasious (Figure 3.16). The simplest arrangement 

observed was two alternating whorls of two lycophylls and was usually monomorphic 

within species (Char 7 state 0). This arrangement results in lycophylls or sporophylls 

that are subopposite-decussate and appear four ranked with roughly to sharply 

quadrangular shoots. Plants exhibiting this reduced phyllotaxy were inserted within 

most of the multi-species clades (Figure 3.16). The most complex lycophyll 

arrangement observed was two alternating subwhorls of seven or more microphylls 

(Char 7 state 5). This arrangement results in a shoot that appears like a bottlebrush and 

in which the ranking is difficult to determine. Species with this arrangement were 

inserted in several positions within the phylogeny but were most prevalent in the 

squarrosoid clade (Figure 3.16).  

 

 

Figure 3.16 Phyllotaxy (Char 7) mapped onto the cladogram derived from Figure 
3.6. Phyllotaxy was polymorphic for most species and species clades. 
The simplest phyllotaxy was homoplasious and appears to have been 
derived several times. 

Overall, lycophyll form was less polymorphic and was a more consistent indicator of 

relatedness among tassel-ferns than phyllotaxy (Figures 3.16 & 3.17). The ancestral 
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state for lycophyll attachment and orientation plane appears to be sessile in a non-

twisted adze-plane with the adaxial surface facing the stem (Char 8 state 0) (Figure 

3.17). This state is present in all of the terrestrial Huperzioid species sampled and in 

most terrestrial Lycopodioid Lycopodiaceae. Twisted or axe-plane lycophylls were 

mostly present in clades containing rainforest canopy epiphytes (Figure 3.17). Sessile, 

obliquely twisted lycophylls were present in the majority of species in the squarrosoid 

clade with the exceptions being the species pair H. tetrasticha and H. tetrastichoides 

which have secondarily-derived non-twisted carinate adpressed axe-plane lycophylls 

as their usual state, but juveniles occasionally exhibited the state present for the rest of 

the clade (Char 8 state 3) (Figure 3.17). This secondarily derived state (Char 8 state 3) 

was also present in H. carinata and closely related species inserted in the 

phlegmarioid clade (Figure 3.17). Petiolate, obliquely twisted lycophylls (Char 8 state 

2) were a a synapomorphy for the phlegmarioid clade phlegmaria subclade (Figure 

3.17), but this character is also present in other taxa, including unrelated Neotropical 

species such as H. linifolia. The remaining derived lycophyll-planes (Char 8 states 4 

and 5) were only observed in plants with two alternating subwhorls of two lycophylls 

(Char 7 state 0). Four-planar lycophylls (Char 8 state 4) were present in H. brassii, H. 

kandavuensis and H. phlegmarioides and one-planar lycophylls (Char 8 state 4) were 

present in H. nummulariifolia and H. cf. nummulariifolia lycophylls, both of which are 

in the phlegmarioid clade. Huperzia dalhousieana exhibited the largest number of 

autapomorphic non-molecular characters out of the taxa sampled, consistent with its 

long-branch placement recovered in DNA-sequence only analyses (Figure 3.10 & 

3.11). The glaucous lycophylls and sporophylls shared by H. dalhousieana and H. 

goebelii are analogous (characters 22 state 1 and 41 state 1) as the two species are 

unrelated. 
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Figure 3.17 Lycophylls form (Char 8) mapped onto the cladogram derived from 
Figure 3.6. Sessile, adze-plane lycophylls appear to be the ancestral 
state, petiolate-oblique lycophylls and adpressed-folded lycophylls 
have been derived several times.  

Mapping of the informal species groups of Øllgaard (1987) onto the phylogeny 

showed that the H. gnidioides group, the H. varia group and the H. dalhousieana 

group of Øllgaard (1987) are monophyletic with the latter two possibly being 

monospecific (Figure 3.3, 3.4). The larger more species rich H. phlegmaria and H. 

carinata groups are polyphyletic including species dispersed across both the 

squarrosoid and phlegmarioid clades (Figure 3.3, 3.4 and 3.18). The H. hippuris 

group is paraphyletic and is itself embeded within the H. squarrosa group (Figure 3.3 

& 3.4) in DNA-only analyses. In DNA+morpholgy analyses, the H. squarrosa group 

is monophyletic and is sister to a clade containing members of the polyphyletic H. 

hippuris, H. carinata and H. phlegmaria groups groups in analyses including 

morphological characters (Figure 3.18). 

0: sessile, adze-plane, spreading
1: sessile, twisted oblique plane
2: petiolate, oblique axe-plane
3: sessile, adze-plane, folded on stem
4: sessile, four radiating adze-planes
5: sessile, flattened in one adze-plane
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Figure 3.18 Øllgaard (1987) groups mapped onto the cladogram derived from 
Figure 3.6. The H. phlegmaria group (H12) and the H. carinata group 
(H3) are polyphyletic. The H. squarrosa group (H13) is monophyletic 
in this analysis, but is paraphyletic or unresolved in analyses excluding 
morphological data. 

 

Genotypic identification juvenile tassel-ferns in mixed-species colonies 

DNA-sequences of the trnH-psbA and trnL(C-F) loci provided species level 

discrimination for all Australian tassel-ferns species. The presence of multiple species 

in putative mixed-species colonies of mature gametophytes and juvenile sporophytes 

was confirmed using sequences of these loci as identification bar-codes and by 

growing on juveniles until the expressed their species specific characters. Colonies of 

juvenile tassel-ferns from the McIlwraith Range and Iron Range were confirmed to 

contain H. carinata, H. phlegmarioides and H. cf. phlegmaria C, colonies from Cape 

Tribulation contained H. phlegmarioides and H. cf. phlegmaria C, colonies from 

Mossman Gorge to contain H cf. phlegmaria B., H. cf. phlegmaria C, H. squarrosa 

and H. tetrastichoides and colonies from Mt Lewis to contained H. lockyeri, H. 

marsupiiformis and H. tetrastichoides. Sporelings of H. filiformis and H. varia were 

not recorded in mixed-species colonies at any locations and no sporelings of H. 

dalhousieana were observed during the study. 
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Discussion 

The phylogenetic hypothesis presented is derived from the largest molecular dataset 

generated for tassel-ferns to date and incorporates the first combined molecular and 

non-molecular analyses. The major outcomes of this study are an evidence-based 

understanding of which Australian species are monophyletic; recognition of the 

unique phylogenetic position of the blue-tassel-fern; resolution of endemism in 

Australian tassel-ferns and recognition that the Australian tassel-ferns generally have 

diverse relationships with overseas floras. The combination of morphological evidence 

in phylogenetic analysis has enabled preliminary discussion of hypotheses on shoot 

evolution among tassel-ferns and also a review of the Øllgaard (1987) species group 

classification. In general it highlights that a morphology-only based classification 

would likely produce groups that were not monophyletic. 

Monophyly of Australian tassel-fern species 

The Australian species H. carinata, H. dalhousieana, H. filiformis, H. lockyeri, H. 

marsupiiformis, H. phlegmarioides, H. tetrastichoides and H. varia are monophyletic 

in the analyses undertaken here and no changes are herein recomended to the species 

concepts for these species. Australian samples of H. varia were very similar to a New 

Zealand sample of H. billardierei available from a previous study (Wikström et al. 

1999) and it is recommended that the relationship between these species and the 

potential for synonymy of H. billardierei and H. varia be investigated by future 

studies containing more New Zealand samples. Huperzia squarrosa was paraphyletic 

in a number of analyses, but due to limitiations of the loci used, it is difficult to resolve 

its relationship to these species based on the current dataset. A more detailed 

investigation of the phylogenetic relationships in H. squarrosa and a review of the 

taxonomy and nomenclature of the plants related to H. squarrosa is recommended, but 

an additional more variable genetic marker will be needed to resolve this group 

adequately. At this stage no clearly supported change to the taxonomy of the 

Australian population H. squarrosa is obvious. The presence of close relationships 

between the recently named Australian endemic species H. lockyeri, H. 

marsupiiformis, H. tetrastichoides and tassel-ferns from overseas indicates that it may 

be necessary to examine more species from overseas to test whether they belong to 
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exotic species that have been previously named (Field and Bostock 2008, Jones and 

Gray 1985). Comparison of typological material for these species is discussed in 

Chapter 4. 

The broad-concept Huperzia phlegmaria s.l. was polyphyletic in all analyses and 

included considerable genetic and morphological diversity compared to all other 

species. Three genetically and morphologically differentiated populations of this taxon 

are present in Australia. One option to restore monophyly to the species classification 

of H. phlegmaria s.l. would be to synonymise all of the species taxa belonging to the 

phlegmaria clade and to exclude H. phlegmaria D. The resulting taxon would 

encompass significantly greater morphological and genetic variation than any other 

tassel-fern species globally. It is likely that deciding which of the presently accepted 

taxa should to be synonymised with H. phlegmaria could only be achieved at a 

molecular level. This approach would likely be unsatisfactory to field and herbarium 

botanists and would arbitrarily recognise H. phlegmaria as significantly more common 

and more widespread than any other tassel-fern taxon in the world. The alternative 

(and favoured) option for a classification based on monophyletic species would be to 

recognose species that correspond to identifiable derived clades. Following this 

approach, the gold-tip tassel-fern (phlegmaria ‘A’), the black-stem tassel-fern 

(phlegmaria ‘B’) and the coarse tassel-fern (phlegmaria ‘C’) from Australasia would 

each be recognised at species rank and separated from H. phlegmaria s.s. for which 

the type locality is the Malabar coast of India (Chapter 5). A taxonomic revision of 

this group using this approach is presented in Chapter 4 and a review of the 

conservation ranks of the three resultant taxa is presented in Chapter 5. 

Phylogenetic status of the blue-tassel-fern  

The Queensland blue-tassel-fern, Huperzia dalhousieana, was the most 

phylogenetically distinct species among the Australian taxa. It has accrued a 

significant number of molecular and morphological characters and its morphological 

characters are not found among tassel-ferns outside the H. dalhousieana group. It is 

also one of the most basal tassel-ferns species present in Australia and is possibly an 

ancient relictual species. Interestingly, these results indicated that the Queensland 

blue-tassel-fern is phylogenetically unrelated to the only other blue-tassel-fern 

sampled, H. goebelii. This species was sampled from overseas and is affiliated with 
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members of the phlegmarioid clade. This study was unable to confirm a relationship 

between H. dalhousieana, H. glauca and H. magnifica from Melanesia because no 

DNA samples of the latter two extremely rare taxa could be obtained. Morphological 

comparisons of the types for all H. dalhousieana group taxa suggest that they belong 

to the same very widespread but extremely scarce species. 

Using a conceptual approach in which phylogenetically unique species are considered 

to have higher conservation value (Crozier 1997, Moritz 1995), the Queensland blue-

tassel-fern would be given the highest conservation ranking of the tassel-ferns in 

Australia. This is significant considering that it is also suspected to be the most rare 

and the most threatened tassel-fern species in Australia (Chapter 4). Studies are 

urgently needed to investigate the genetic relationship between the Queensland blue-

tassel-fern and H. dalhousieana group tassel-ferns from Papua New Guinea and Fiji to 

determine degrees of divergence and contemporary rates of genetic exchange between 

these severaly fragmented small populations. 

Biogeographic distinctiveness of Australian tassel-ferns 

The presence of distinct Neotropical and Palaeotropical radiations among tassel-ferns 

has been well supported in all molecular phylogenetic investigations of the group 

undertaken to date (Ji et al. 2008, Wikström 2001, Wikström and Kenrick 1997, 

Wikström and Kenrick 2000, 2001, Wikström et al. 1999, Yatsentyuk et al. 2001). 

The Australian tassel-ferns are all placed within the Palaeotropical clade and the 

Australian flora includes phylogenetically divergent species that do not appear to have 

close relatives as well as species that belong to the pan-paleotropical species-rich 

derived squarrosoid and phlegmarioid clades. The phylogenetic origins of the species 

in Australia, the number of species and the proportions of basal and derived species 

are typical for other floras in the Palaeotropical region. 

A distinct centre of tassel-fern diversity has been reported in the Andes of the 

Neotropics (Øllgaard 1992, Øllgaard 1995, Wikström and Kenrick 2000). In contrast, 

this phylogenetic investigation does not indicate that there is an obvious single centre 

of endemism and diversity in the Palaeotropics. The Madagascan, Malesian, 

Melanesian and Australian regions all have high species diversity but low clade 

endemism. Both basal and divergent species and derived species are shared by each of 

these regions. The only Australian tassel-fern with an obvious Australia/New Zealand 
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origin is H. varia. This species occurs in the temperate high southern latitudes of 

Australia and New Zealand and it is proposed that it is an ancient relict Australian 

species and not a recent colonist from Asia. Its relationship with H. varia group 

species from the south-Pacific could be investigate to further test this hypothesis. The 

remaining tassel-fern species, including the putative endemic species, are all linked to 

floras to the north and especially east of Australia in the Asia-Pacific region. Fine-

scale genetic studies are needed to investigate whether genetic communication 

between the Australian and non-Australian populations of shared species is regular 

and continuing. 

Two hypothetical explanations are proposed for low levels of clade endemism 

observed in this study for Palaeotropical tassel-ferns. Firstly, that the radiation of 

tassel-ferns was a relatively ancient event and occurred before the development of the 

Australian, Asian and African bioregions, and, secondly that cross-flora dispersal of 

tassel-fern species is sporadic and continuing with immigration and emigration of 

species having occurred repeatedly over a very long period. The first hypothesis is 

supported by molecular dating undertaken by previous phylogenetic studies 

(Wikström and Kenrick 2001). The second hypothesis contrasts with the already 

published view that long distance dispersal of tassel-ferns is relatively rare (Wikström 

and Kenrick 2000), but it is well supported by the findings of this study which show 

that closely related species from the most derived clades span the Indian and West 

Pacific Oceans. The observation made here that basal (ancient?) tassel-ferns are found 

in the heart of Gondwanan floras can be explained by both Gondwanan and Asian 

origins of tassel-ferns. Assuming a Gondwanan origin, these species may be relicts 

that were left in southern latitudes as tassel-ferns moved northwards. Alternatively, 

assuming an Asian origin, these may be the result of long-distance dispersal events 

across the Tethys Sea early in the post-Gondwana breakup. In the absence of 

corroborating fossil-evidence, these hypothetical geographic origins Palaeotropical 

Phlegmariurus clade are not robust. 

Shoot evolution in tassel-ferns 

It is proposed that the ancestral epiphytic tassel-fern was a nearly homophyllous plant 

with spreading lycophylls and sporophylls that were sessile, triangular to lanceolate, 

flat and untwisted and borne in an adze-plane with the adaxial surface facing the apex. 
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This character combination is still shared by the living relatives of tassel-ferns, the 

terrestrial fir-mosses (Huperzia s.s.). The best examples in Australia of plants with this 

form are the nearly homophyllous ecotypes of Huperzia varia. This shoot form may 

have several disadvantages for living in the epiphytic habit. The adaxial surface of the 

lycophylls are exposed to sunlight when the shoot is erect but the orientations are 

gradually or suddenly reversed when the shoot becomes pendent. It also has the 

potential for substantial self-shading and the lycophylls are poorly oriented to receive 

reflected light or light entering obliquely through the forest canopy. 

This study shows that many of the derived epiphytic tassel-ferns have separately 

evolved re-orientation of their lycophylls by twisting, folding or petiolation. Future 

research could investigate a hypothesis that such reorientations have occurred to 

increase the photosynthetic surface for epiphytic tassel-ferns that live in shaded ever-

humid forest. This study also shows that a number of derived epiphytic tassel-ferns 

have evolved reduced surface-area adpressed lycophyll shoot systems. The shoot-form 

exhibited by these species appears to be analogous to that found in epiphytic ribbon 

ferns, fork ferns, pencil orchids and some succulent species. Future research could 

investigate a hypothesis that these shoot forms are adaptations that decrease the 

evapotranspiritive surface area of exposed high canopy epiphytes. This study also 

shows that many of the more derived epiphytic taxa have evolved more slender and 

multi-branched strobili. Future research could test the hypothesis that this is an 

adaptation that increases the output of spore for colonisation of the epiphytic habit. 

Review of the Øllgaard (1987) classification 

More than half of the informal species groups in the Øllgaard (1987) were 

polyphyletic or paraphyletic. Of the groups relevant to the Australian flora the H. 

squarrosa group, H. phlegmaria group, H. hippuris group and H. carinata group are 

particularly problematic. Studies have previously suggested that the H. verticillata 

group and H. phlegmaria group are polyphyletic (Wikström et al. 1999). Two groups, 

the H. dalhousieana and H. varia group appear to be monophyletic, but they may just 

represent groups circumscribed for single widespread but poorly examined species. 

Almost half of the taxonomic diversity of tassel-ferns has still not been examined by a 

phylogenetic study and a thorough revision of these groups would be necessary for 

them to be made into a monophyletic classification. A tentative arrangement is 
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described below for groups of importance for the Australian flora, including species 

that have been introduced into cultivation here. Only species for which I have seen 

type material, representative specimens or those included in phylogenetic analyses are 

listed in the groups proposed below. 

1. dalhousieana group – Epiphytic plants that grow from the bases of other 

epiphytes in the rainforests of Malesia, Melanesia and Australia. They have a 

large entirely lax pendulous and glaucous homophyllous shoot system with 

derived broad and long triangular sessile lycophylls and sporophylls that have 

involutable margins. Species names belonging to this group: H. caudifolia 

(Aldwer.) Holub, H. clarae (F.M. Bailey) Holub, H. dalhousieana (Spring) 

Trevis., H. magnifica (Brownlie) Holub, L. glaucum Cesati, L. ingens Gepp ex 

Nessel. Probably all belong to one widespread extremely scarce species. 

2. gnidioides group – Epiphytic and epilithic tassel-ferns from rainforests of 

Madagascar and Africa with species having been introduced into cultivation in 

Australia. They have plesiomorphic homophyllous to heterophyllous shoots. 

Species: H. brachystachya (Baker) Pic.Serm., H. cavifolia (C. Chr.) Tardieu, H. 

dacrydioides (Baker) Pic.Serm., H. holstii (Hieron.) Pic.Serm., H. humbertii-

henrici (Herter) Tardieu. 

3. varia group – Epiphytic or epilithic plants from the southern tropics, 

subtropics and temperate rainforests of Melansia, New Zealand and Australia, 

potentially one very widespread relict species. They have plesiomorphic shoots 

with nearly homophyllous forms with spreading flat lycophylls and sporophylls 

and strongly heterophyllous forms with spreading lycophylls and adpressed 

sporophylls. Species: H. billardierei (Spring) Rothm., H. flagellacea (Kuhn) 

Holub, H. flagellaria, H. melanesica (Brownlie), Holub, H. novae-zelandiae 

(Colenso) Holub,  H. varia (R.Br.) Trevis. Probably all belong to one 

widespread species with polymorphic ecotypes. 

5. verticillata group – Epiphytic plants from mountainous areas throughout the 

Palaeotropics. They have reduced very slender homophyllous or nearly 

heterophyllous shoots with slender lycophylls and narrow triangular adpressed 

sporophylls. Some species placed in this group by Øllgaard (1987) may belong 
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to the following group. Species: H. verticillata (L.f.) Rothm., H. filiformis (Sw.) 

Holub, H. parksii (Copel.) Holub, H. pichiana Tardieu, H. polytrichoides 

(Kaulf.) Trevis.  

6. hippuris group – Epiphytic and epilithic plants from Polynesia, Melanesia, 

Australia, Malesia, Asia and Madagascar. This is the most morphologically 

heterogeneous group described here. Three divergent but occasionally 

intergrading shoot forms are tentatively placed together in this group. They are 

plants with nearly homophyllous terete bottle-brush like shoots of slender 

spreading lycophylls and sporophylls (squarrosa subgroup), plants with 

heterophyllous shoots with broad and elongate spreading lycophylls and 

adpressed elongate sporophylls forming terete or quadrangular strobili (lockyeri 

subgroup), and plants with adpressed or nearly adpressed lycophylls and 

sporophylls forming quadrangular shoots (tetrasticha subgroup). Species: H. 

foliosa (Copel.) Holub, H. gunturensis (Alderw.) Holub, H. hippuris (Poiret) 

Trevisan, H. lauterbachii (E. Pritz.) Holub, H. lockyeri (D.L. Jones & B. Gray 

(Holub), H. marsupiiformis (D.L. Jones & B. Gray (Holub), H. magnusiana 

(Herter) Holub, H. megastachya (Baker) Tardieu, H. merrillii (Herter) Holub, H. 

neocaledonica (Nessel) Holub, H. prolifera (Blume) Trevis., H. rupicola 

(Alderw.) Holub, H. schlecteri (E.Pritzel) Holub, H. squarrosa (G. Forst.) 

Trevis., H. tetrasticha  (Kunze ex Alderw.) Holub, H. tetrastichoides A.R. Field 

& Bostock. 

7. phlegmaria group – Epiphytic or epilithic plants from Polynesia, Melanesia, 

Australia, Malesia, Asia and Madagascar. They have derived heterophyllous 

shoot forms with broad lycophylls twisted on a petiolate base and narrowly 

constricted filiform multibranched strobili. Species: H. australis (Willd.) Holub, 

L. filicaulon Copel., H. horizontalis (Herter ex Nessel) Holub, H. ledermannii 

(Herter) Holub (= H. aff. phlegmaria B), H. phlegmaria (L.) Rothm., L. 

phlegmaria var. brachystachyum Rosenst. (= H. aff. phlegmaria B), L. 

phlegmaria var. longibracteatum Domin (=H. aff. phlegmaria A), H. 

salvinioides (Herter) Holub, H. subtrifoliata (Brownlie) Holub, H.tardieuae 

(Herter) Holub, H. trifoliata (Copel.) Holub. 
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8. phlegmarioides group – Epiphytic plants from Melanesia, Australia and 

Malesia. Two derived shoot forms belong in this group, plants with broad flat 

spreading lycophylls held in an oblique or adze-plane with respect to the stem 

and with constricted terete or quadrangular strobili (phlegmarioides subgroup) 

and plants with adpressed succulent lycophylls and sporophylls (carinata 

subgroup). Species: H. albescens (F.M. Bailey) Holub, H. brassii (Copel) 

Holub, H. carinata (Desv. ex Poir.) Trevis., H. goebelii (Nessel) Holub, H. 

kandavuensis (Nessel) Holub, H. nummulariifolia (Blume) Jermy, H. 

phlegmarioides (Gaudich.) Rothm. 
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Chapter 4 

Taxonomic revision of the Australian tassel-ferns and fir-mosses (Lycopodiaceae : 

Lycopodiophyta) 

  

ABOVE: One of the earliest known illustrations of a tassel-fern as reproduced from 
Rheede et al. (1703) Hortus Indicus Malabaricus XII (p. 27, tab 14). This illustration 
formed the basis of the description by Dillenius (1741) and became the first 
Palaeotropical tassel-fern to be described under the binomial system by Linnaeus 
(1753). 
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Chapter 4: Taxonomic revision of the Australian tassel-ferns and fir-mosses 

(Lycopodiaceae: Lycopodiophyta) 

Introduction 

This chapter presents a revised classification of the family Lycopodiaceae based on 

the phylogeny presented in Chapters 2 and 3. Two subfamilies Lycopodioideae and 

Huperzioideae are recognised and 14 of the Australian species in the subfamily 

Huperzioideae are examined in specific detail. 

This taxonomic revision is based on examination of 884 herbarium specimens, 120 

cultivated specimens and 804 plants growing in the wild. All measurements included 

in the descriptions were based on examination of a minimum of five dried herbarium 

specimens and are based on the characters used in phylogenetic analysis (see Chapter 

3). Distribution, habit and habitat descriptions were based on herbarium records and 

on specimens located during field surveys (see Chapter 5). The descriptions are based 

on the Australian population unless otherwise stated in parentheses. Queensland 

locality names (e.g. COOK, SOUTH KENNEDY) follow the pastoral divisions used 

by the Queensland Herbarium. Author and publication abbreviations are standardised 

according to International Plant Name Index (accessed online 2010) and herbarium 

acronyms follow Index Herbariorum (accessed online 2010). New specimens made 

for this study are in my personal collection housed at JCT (James Cook University 

Herbarium, Townsville) for distribution to BRI (Queensland Herbarium, Brisbane) 

and CNS (Australian Tropical Herbarium, Cairns). Type specimens marked ‘!’ were 

examined or were seen from photographic reproductions. 
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Identification key to the families of the Phylum Lycopodiophyta 

1a. Plants homosporous (only one type of sporangium present in the strobilus, 
gametophytes hermaphroditic).............................................. 1. Lycopodiaceae 

1b. Plants heterosporous (two types of sporangia, microsporangia and 
megasporangia present in the strobilus, gametophytes unisexual) ...................2 

2a. Lycophylls crowded in a tuft on a short upright stem, lycophylls elongate, large 
and succulent, plants of aquatic habitats........................................... Isoetaceae 

2b. Lycophylls 2 ranked along an elongate branching stem, lycophylls not as 
above, plants of terrestrial habitats ...........................................Selaginellaceae 

Identification key to subfamilies of Lycopodiaceae 

1 a Sporophytes with anisotomous shoots spreading laterally and adventitiously; 
spore surfaces with reticulate, rugate, scabrate or baculate sculpture; 
gametophytes holomycoheterotophic or photosynthetic, surficial, growth axis 
vertical, obovoid or amorphous, without pluricellular hairs among the 
gametangia ...........................................................................1. Lycopodioideae 

1 b Sporophytes with isotomous or unbranched shoots arising from a basal tuft; 
spore surfaces with foveolate-fossulate sculpture; gametophytes 
holomycoheterotrophic (or with photosynthetic lobes on upper surface in one 
genus), subterranean, growth axis horizontal, cylindrical, with pluricellular 
hairs among the gametangia...................................................2. Huperzioideae 
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1.  Lycopodiaceae subfamily Lycopodioideae W.H. Wagner & Beitel, Ann. 
Missouri Bot. Gard. 79: 677-686 (1992). 

Type: Lycopodium clavatum L., Sp. Pl. 1101 (1753). 

Description: GAMETOPHYTES mycoheterotrophic and subterranean or 

photosynthetic and surficial, erect and obovate or tuberous, without pluricellular hairs 

among the gametangia; SPOROPHYTES terrestrial with anisotomous branches arising 

adventitiously from other branch bases or branch apices, spreading laterally and not 

forming a basal tuft; Lycophylls equal or unequal, born in alternating subwhorls, 

multifarious or orthostichous adpressed in continuous ranks (not in Australia); Strobili 

sessile or terminating a leafy peduncle, pendent or erect, unbranched or anisotomously 

branched; Sporangia isovalvate to strongly ansiovalvate; SPORES tetrahedral with 

distinct reticulate, rugate, scabrate or baculate sculpture on the distal surface. 

Discussion: The Lycopodioideae is a global subfamily with two genera Lycopodium 

L. and Lycopodiella Holub occuring in Australia. There are nine species reported from 

Australia, Lycopodiella diffusa, La. lateralis, La. cernua, La. limosa and La. 

serpentina and Lycopodium deuterodensum, L. fastigiatum, L. scariosum and L. 

volubile. The subfamily Lycopodioideae is not examined in this chapter and a review 

of the Australian taxa can be found in Chinnock (1998). 
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2.  Lycopodiaceae subfamily Huperzioideae W. H. Wagner & Beitel, Ann. 
Missouri Bot. Gard. 79: 677-686 (1992). 

Type:  Huperzia selago (L.) Bernh. ex Schrank & Mart. Hort. Reg. Monac. 3 (1829).  

Description: GAMETOPHYTES mycoheterotrophic and subterranean, cylindrical 

(Huperzia and Phlegmariurus) or initially mycoheterotrophic but becoming 

photosynthetic when they emerge at the substrate surface (Phylloglossum), all with 

pluricellular uniseriate hairs among the gametangia; SPOROPHYTES terrestrial or 

epiphytic, 2 – 200 cm in length, with unbranched or isotomous branches either solitary 

or arising from a basal tuft, roots arising from the stem stele and descending though 

the cortex to the stem base where they emerge in a basal tuft; Lycophylls equal, 

multifarious (sometimes appearing orthostichous), borne in alternating subwhorls; 

Strobili sessile or with a short leafless peduncle; Sporangia isovalvate throughout; 

SPORES tetrahedral with foveolate-fossulate sculpture on the distal surfaces (also on 

the proximal surface in some species). 

Discussion: A large and global subfamily containing three genera, Huperzia Bernh., 

Phylloglossum Kunze and Phlegmariurus Holub, all of which occur in Australia. This 

subfamily represents a strongly supported clade within the family Lycopodiaceae 

(Chapter 2). 

Identification key to genera of Lycopodiaceae subfamily Huperzioideae 

1 a Plants with pedunculate strobili ............................................. 3. Phylloglossum 

1 b Plants with sessile strobili .................................................................................2 

2a Plants with erect strobili bearing bulbils in the axils of sporophylls, spores 
triangular in polar view with truncate corners and concave lateral edges, 
proximal faces deeply pitted ........................................................... 1. Huperzia  

2b Plants with pendent to erect strobili never bearing bulbils, spores rounded in 
polar view with acute to rounded corners and convex lateral edges, proximal 
faces nearly smooth ..............................................................  2. Phlegmariurus  
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1.  Huperzia Bernh.,  J. Bot. (Schrader) 1800 (2):126 (1801). 

Type:  Huperzia selago (L.) Bernh. ex Schrank & Mart. Hort. Reg. Monac. 3 (1829). 

Description: GAMETOPHYTES non-photosynthetic, mycoheterotrophic in soil; 

SPOROPHYTES terrestrial; SHOOTS tufted, erect throughout; isotomous, 

homophyllous with bulbils present in sporophyll axils; SPORES tetrahedral, corners 

broad and truncate, lateral edges concave, proximal faces deeply pitted; Fir-mosses. 

Distribution: Pan-temperate across the northern hemisphere with few species ranging 

southwards into the tropics and the temperate zone of the southern hemisphere. Two 

species reported from Australia, only one known to be living. 

Discussion: The genus Huperzia is recognised here in a more restricted sense than in 

Øllgaard (1987), the classification adopted by Chinnock (1998) for the Flora of 

Australia. The Huperzia s.s. clade is sister to the rest of the species hitherto included 

within the genus Huperzia s.l. All epiphytic species and terrestrial species belonging 

to the tassel-fern or ‘Phlegmariurus’ clade are excluded from Huperzia s.s. in this 

revision, irrespective of whether they are homophyllous or heterophyllous. Huperzia 

sensu strictu is equivalent to the H1 or Huperzia ‘selago group’ of the Øllgaard (1987) 

classification of the Lycopodiaceae. 

Key to species of Huperzia s.s. reported for Australia 

1 a Lycophyll margins entire, widest at base ..............................  1. H. australiana 

1 b Lycophylls margins serrate, widest above base............................. 2. H. serrata 
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1.  Huperzia australiana (Herter) Holub, Folia Geobot. Phytotax. 20(1): 70 (1985). 

Basionym: Lycopodium australianum Herter, Bot. Jahrb 43, Beibl. 98 (1909);  

  Urostachys australianus (Herter) Herter ex Nessel, Bärlappgewächse 

49   (1939); Type: multiple collections cited in protologue: Borneo, 

Haveland   1411 n.d. (syn K!); Tasmania, Archer s.n. 1863 (syn P!); 

Tasmania   Gunn, s.n. n.d. (syn K!) and Tasmania, Gunn 328 n.d. Tasmania 

(syn   K!). 

Description:  PLANTS terrestrial, usually in alpine vegetation; SHOOTS tufted, erect, 

terete, isotomous, dividing 1-6 times, growing up to 30 cm long, homophyllous; 

STEMS fleshy, pale green throughout;  LYCOPHYLLOTAXY multifarious in 2 

alternating whorls of 3, 4 or 5 lycophylls, crowded and appearing helically arranged;  

LYCOPHYLLS firm, sessile, not carinate, obtusely spreading with or without incurved 

apices, lanceolate with an acute apex, up to 10 mm long, up to 2 mm wide, bright 

yellow green to dark green, glossy;  STROBILI undifferentiated from sterile zone 

except for presence of sporangia and bulbils;  SPOROPHYLLOTAXY as for 

lycophyllotaxy;  SPOROPHYLLS as for lycophylls but gradually decreasing in size; 

SPORANGIA reniform in axils of sporophylls, much shorter than sporangia but clearly 

visible. Southern fir-moss. 

Distribution:  Huperzia australiana occurs in temperate Australia and New Zealand 

and on high altitude peaks in tropical Melanesia. In Australia it occurs in New South 

Wales, Victoria, Tasmania and Macquarie Island. 

Habitat:  This species is a terrestrial plant in alpine vegetation. In Tasmania it has 

been observed growing among cushion plants and in shallow soil on rock scree in 

areas that may be covered in snow. It is also recorded from alpine conditions on the 

peaks of tropical mountains outside of Australia. 

Discussion:  Huperzia australiana is part of the Huperzia selago clade and is the only 

wholly terrestrial, homophyllous and bulbil-forming Huperzioideae species that was 

authenticated as present in Australia by this study. This species is sometimes 

sympatric with H. varia and stunted plants of both species are superficially similar. 

The presence of bulbils can be used to quickly distinguish H. australiana from H. 

varia, as can the shape of the spores. 
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The syntype Tasmania, Archer s.n. 1863 (P!) has been anotated by J. Beitel, Aug1983 

as lectotype. I have not confirmed if this lectotypification has been published. 

Huperzia australiana is sometimes erroneously referred to as H. selago in Australia. 

Huperzia australis (Willd.) Holub is an unrelated taxon with a similar epithet that is 

sometimes the source of confusion.  

Conservation status:  This species is not listed as rare or threatened in the Australian 

EPBCA. 

Etymology: The specific epithet is from the Latin australianus meaning Australian 

or southern. 

Specimens examined: AUSTRALIA, TASMANIA:  Adamson's Peak 07Feb1969 I.R. 

Telford EMC2482 (CBG);  Mount Mawson National Park 23Jan1949 N.T. Burbidge 

3301 (CANB);  Tarn Shelf, 2 km NW of Lake Dobson, Mt Field National Park 

15Feb1989 J.R. Croft 10077 (CBG);  near Lake Fenton, Mt Field National Park 

21Dec2006 A.R Field, H.R. Field & P. Dalton ARF1041 (BRI);  Mt Wellington 

Dec.1929 E. Rodway 1223 (CANB); Hamilton Crags 1.5 km E of Legges Tor, Ben 

Lomond National Park, 23Jan98 F.E. Davies 1185 (CBG);  VICTORIA:  Watchbed 

Creek Bogong High Plains 20Jan1966 R. Filso 8114 (CBG);  near Mt Baw Baw 

17Jan1970 L.A. Craven 1725 (CANB);  NEW SOUTH WALES:  Snowy Mountains 

near Spencer Creek between Adams Hut and Snowy River 04Feb1957 Hj. Eichler 

13619 (CANB);  Mt Kosciusko Jun1899 J.H. Maiden s.n. (CANB);  Blue Lake Mt 

Kosciusko area 05Mar1969 M. Gray 6387 (CANB);  Guthega, slopes exposed S.E. 

above the Snowy River 28Dec2004 P.O. Cochard 5 (CBG);  NEW ZEALAND:  

Canterbury, Greyney's Flat 6 km S of Arthur's Pass 03Mar1985 J. Johnston 1708 

(CBG);  PAPUA NEW GUINEA:  Goe Dendeniwa on S Side of Mt Suckling 

Complex, Milne Bay 26Jun1972 P.F. Stevens LAE54283 (BRI). 
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Figure 4.1 (a) syntype specimen of H. australiana Borneo, Haveland in Kew; (b) 
habit of H. australiana growing near Lake Fenton on Mt Field, 
Tasmania; (c) habit of H. serrata growing on Mt Kinabalu, Sabah. 

(a) (b) 

(c) 

< 50 mm > 

<50 mm> 
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2.  Huperzia serrata (Thunb. ex Murray) Trevis., Atti Soc. Ital. Sci. Nat. 17: 248. 
1874. 

Type: Thunberg s.n. Japan (UPS Thunb. 25333B, holotype n.v.)  

Discussion:  Karol Domin published the only existing report of Huperzia serrata in 

Australia (Domin 1915). It was not observed during surveys for this study. Domin’s 

1910 specimen from Mount Bellenden Ker was reported to be lodged in the Prague 

Herbarium (Domin 1915). However, this specimen and Domin’s other Australian 

Lycopodiaceae have not been located in Prague and therefore its presence in Australia 

cannot be validated. Other mysterious species such as Lycopodiella volubile, 

Tmesipteris lanceolata P.A. Dang and Lemmaphyllum accedens (Blume) Donk 

recorded by Domin have also never been recollected. Previous inclusions of H. serrata 

in the Queensland Flora were all based on Domin’s collection (Andrews 1990, 

Chinnock 1998). Searches at Mt Bellenden Ker during this study were undertaken near 

the telecommunications tower at the mountain summit and not near the north-eastern 

summit from which Domin recorded his specimen. I have observed H. serrata on 

Mount Kinabalu in Sabah where it was cryptic, and I admit it could be easily 

overlooked in Australia, nonetheless in the absence of a specimen its occurance in 

Australia is considered dubious. 



 

125 

2.   Phlegmariurus (Herter) Holub, Preslia 36(1): 17, 21 (1964). 

Type:   Huperzia phlegmaria (L.) Rothm. 

Basionym:  Lycopodium sect. Phlegmariurus Herter, Bot. Jahrb. Syst. 43, Beibl. 

98: 30 (1909). 

Urostachys sect. Phlegmariurus (Herter) Herter, Bot. Arch. 3: 16 

(1923). 

Description: GAMETOPHYTES non-photosynthetic, subterranean, mycoheterotrophic 

in epiphytic or epilithic humus, or terrestrial in tropical alpine vegetation (not in 

Australia); SPOROPHYTES photosynthetic, emergent, epiphytic, epilithic or terrestrial 

in tropical alpine vegetation (not in Australia); SHOOTS tufted, pendent or erect when 

mature, isotomous, nearly homophyllous to strongly heterophyllous, bulbils absent 

from strobili; SPORES tetrahedral, rounded in polar view, corners acute or rounded, 

lateral edges convex, proximal faces nearly smooth, not deeply pitted; Tassel-ferns. 

Distribution: Pantropical, subtropical and also temperate in the southern hemisphere. 

Regions of high tassel-fern diversity include Andean South America, Malesia, 

Melanesia and Madagascar. There are thirteen taxa in Australia. 

Discussion: Phlegmariurus was first assigned to sectional rank in the genus 

Lycopodium L. by Herter who later transferred it to a section of Urostachys Herter. 

Phlegmariurus was raised to generic rank by Holub (1968) but it was circumscribed 

more narrowly than it has been in this revision. Phlegmariurus was not recognised at 

any rank by Øllgaard (1987) who instead introduced 21 informal groups for the 

Phlegmariurus taxa (Øllgaard 1987 H2-H22). Phlegmariurus was again recognised at 

generic rank by Wagner & Beitel (1992) but their approach was not used for the Flora 

of Australia (Chinnock 1998). Phlegmariurus Holub is the earliest (and the only) 

available genus name typified by any member of the tassel-fern clade and therefore 

has priority at generic rank for this clade. Approximately 300 species names have been 

published that, based on protologues or examination of types, I consider best placed in 

Phlegmariurus. Only half of the nomenclatural combinations with Phlegmairurus 

Holub have been made and a list of all known taxa and combinations required to align 

generic concepts at a global is presented in Appendix 4.  The species diversity in this 

group requires extensive re-analysis with several species complexes, particularly those 
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related to P. phlegmaria, P. squarrosus, P. carinatus and P. varius requiring further 

critical review. 

Key to species of Australian Phlegmariurus 

1 a Sporophylls spreading widely, shoots homophyllous or sporophylls similar to 
lycophylls but gradually shorter .......................................................................2 

1 b Sporophylls adpressed, shoots gradually to abruptly heterophyllous...............3 

2 a Shoots glaucous blue; lycophylls long triangular.............. 2. P. dalhousieanus 

2 b Shoots glossy green; lycophylls linear-lanceolate..................  8. P. squarrosus 

3 a Strobili 1—2 mm in diameter (living) ..............................................................4 

3 b Strobili 3—5 mm in diameter (living) ..............................................................7 

4 a Lycophylls sessile, decurrent in four distinct rows .......... 7. P. phlegmarioides 

4 b Lycophylls petiolate, not decurrent in four rows....5 (P. phlegmaria complex)  

5a Strobili quadrangular, sporophylls opposite decussate, imbricate, carinate; 
lycophylls densely crowded appearing squarrose, shoot dark green with pale 
whitish apex ……............ P. longibracteatus (6D.) This will be 'luteopaeda'  

5b Strobili terete, sporophylls not as above; lycophylls not as above ...................6 

6a Stems ≥ 5 mm in diameter, yellowish brown near base, longitudinal stem 
grooves distinct, lycophylls obliquely lanceolate, > 15 mm long, widest near 
base ...............................................................................P. cf. phlegmaria (6C.) 

6b Stems ≤ 5 mm in diameter, dark purplish brown in lower division, logituinal 
stem groves indistinct, lycophylls ovate to lanceolate often recupped, 10-15 
mm long, widest near middle, firm ................................. P. ledermannii (6B.) 

7 a Lycophylls thin and linear, margins minutely serrate ................ 3. P. filiformis 

7 b Lycophylls lanceolate to ovate, margins entire ................................................8 

8 a Lycophylls carinate or cupped in cross section ................................................9 

8 b Lycophylls flat in cross section ......................................................................10 

9 a Basal lycophylls triangular-ovate, arranged in four rows; lycophylls and 
sporophylls thin and coriaceous ........................................9. P. tetrastichoides 

9 b Basal lycophylls lanceolate, arranged in more than four rows; lycophylls and 
sporophylls thick and succulent ................................................  1. P. carinatus 

10 a Lycophylls with obtuse rounded apices............................  5 P. marsupiiformis 

10 b Lycophylls with acute apices..........................................................................11 

11 a Sporophyll apices attenuate and spreading; lycophylls not decurrent; stems 
fleshy.............................................................................................. 4 P. lockyeri 
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11 b Sporophyll apices obtuse to acute and recurved; lycophylls decurrent; stems ± 
woody.............................................................................................  10 P. varius 
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1.  Phlegmariurus carinatus (Desv. ex Poir.) Ching, Acta Bot. Yunn. 4:120. 1982. 

Basionym: Lycopodium carinatum Desv. ex Poiret, Encycl. Suppl. 3:555. 1813; 

Type: Ceylon, Jussieu 639 (holo: P!, iso: BM!). Type: Ceylon, Jussieu 

639 (holo: P!, iso: BM!); Basionym of: Huperzia carinata (Desv. ex 

Poir.) Trevis. Atti Soc. Ital. Sci. Nat. 17 (3):247  (1874);  Urostachys 

carinatus (Poiret) Herter, Bot. Arch. 3:115 (1923); 

Synonyms: Lycopodium acrostachyum Hook. & Grev., Icon Filic. 2:t 181 (1831). 

  Type: Singapore, N.Wallich 117, (holo: P!). 

Lycopodium albescens F.M. Bailey, Queensland Bot. Bull. 14: 16 

(1896); Urostachys albescens (F.M.Bailey) Herter, Revista Sudamer. 

Bot. 8:86 (1949); Huperzia albescens (F.M.Bailey) Holub, Folia 

Geobot. Phytotax. 20(1): 70 (1985); Type: cult. Bowen Park ex Papua 

New Guinea M.Sutter ex Capt.Michael s.n. (holo: BRI258306!, iso: K). 

Lycopodium pendulum Roxb.; Calcutta J. Nat. Hist. 4. 472 (1844). 

Type:  from Amboina  [Indonesia] C. Smith s.n. (lecto: BR fide Morton (1974) 

 Contr. U.S. Natl. Herb. 38: 283-396.).  

Lycopodium struthioloides C.Presl, Reliq. Haenk. 1: 82 (1830);  

 Urostachys struthioloides (C.Presl) Herter ex Nessel, Bärlappgewächse 

 170 (1939);  Huperzia struthioloides (C.Presl) Rothm, Feddes Repert. 

 Spec. Nov. Regni Veg. 54: 61 (1944); Type: 'Nootka Sund' 

 [Philippines]  Haenke s.n. (holo: BM!). 

Lycopodium urostachyum Wall. ex Ridley, J. Straits Branch Roy. Asiat. 

 Soc. 80: 142 (1919); Type: Singapore, N.Wallich 117 (holo: P!). 

Lycopodium vanikorense Copel., J. Arnold Arbor. 12:49. (1931);  

 Urostachys vanikorense (Copel.) Herter, Index Lyc. 87 (1949);  

 Huperzia vanikorensis (Copel.) Holub, Folia Geobot. Phytotax. 20:77 

 (1985); Type: Vanikoro, Santa Cruz Islands, New Hebrides, 

 S.F.Kajewski 521 (holo: UC! [UC422661], iso: GH, K, MICH, MO! 

 [MO22133], US). 

 

Description: PLANTS epiphytic in rainforest; SHOOTS tufted, terete or quadrangular, 

erect at first but arching becoming pendent, isotomous dividing 1-7 times, up to 90 cm 

long and 30 mm in diameter, gradually heterophyllous;  STEMS fleshy, up to 8 mm in 
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diameter but usually 5 mm or less, bearing distinct interstichal grooves, pale whitish 

green throughout, sometimes with a light brown blush basally;  LYCOPHYLLOTAXY 

multifarious or orthostichous, lycophylls in 4-6 rows basally (2 alternating whorls of 3 

lycophylls) and 4 rows distally appearing subopposite decussate;  LYCOPHYLLS firm 

and semisucculent, sessile, carinate or cupped, adpressed or acutely spreading, narrow 

triangular to narrowly lanceolate, 15 x 3 mm, more commonly 12 x 2 mm, midrib 

indistinct on both surfaces, mid olive-green to light yellow-green, satin to glaucous 

surface, seldom glossy;  STROBILI terete or quadrangular, branched 0-3 times, 4-8 

mm in diameter;  SPOROPHYLLS similar to lycophylls but shorter 4-7 x 2 mm, more 

adpressed, imbricate and more distinctly carinate than lycophylls;  SPORANGIA in 

sporophyll axils, reniform, 1.5-2 mm in diameter; Keeled tassel-fern or Coen tassel-

fern. 

Distribution:  Phlegmariurus carinatus occurs in Asia, Malesia and Melanesia 

including wet tropical Australia. In Australia H. carinata is restricted to the 

McIlwraith Range and Iron Range on Cape York Peninsula. The McIlwraith Range 

collections were made in the vicinity of the Leo Creek Road and at Iron Range plants 

have been recently discovered in the vicinity of South Pap and Mt Tozer. 

Nessel (1939) reported a specimen from Cooktown (Warburg n. 19493 (n.v) April-

May 1889 from Finch Bay, Cooktown). No confirmed specimens have been recorded 

this far south and no suitable habitat occurs at Finch Bay. I therefore presume that the 

Warburg specimen has an erroneous locality or may even represent a secondary 

collection, perhaps made at the Cooktown Botanic Gardens which is in Finch Bay. 

Habitat:  In Australia P. carinatus is a canopy epiphyte of trees in seasonally wet hot 

tropical vine forest. The species is more abundant on the upper slopes or plateaux of 

low mountain ranges. It usually is found growing on bark on trunks or on primary and 

secondary branches of a variety of woody host trees. Occasionally it grows on palms 

or from the bases of epiphytic nest-ferns. The species can grow in exposed seasonally 

dry conditions possibly owing to its semi-succulent nature, glaucous surfaces and the 

stomata being borne on the protected adaxial surface of the microphylls. The two 

known Australian populations were affected by severe tropical cyclones Ingrid in 

March 2005 and Monica in May 2006. 
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Discussion:  Phlegmariurus carinatus is placed within the Palaeotropical 

‘Phlegmariurus’ clade phlegmarioid subclade (Chapter 3). It does not exhibit the 

distinctly heterophyllous shoots present in most other phlegmarioid taxa. This species 

is morphologically variable throughout its range and probably represents a complex of 

species. It has been treated here broadly sensu Chinnock (1998) and Brownlie (1970) 

because intergradation between morphological extremes were present among the 

specimens examined for this study. Sequence variation in the trnL and trnH loci 

examined in Chapter 3 may indicate that further investigation of this group is required. 

It is noted that the Australian populations more closely resemble the slightly 

heterophyllous holotype of L. albescens from in Papua New Guinea (BRI!) than the 

homophyllous holotype of L. carinatum from Ceylon. If this species were to be treated 

in a more restricted taxonomic sense than used here, the name P. albescens may be 

appropriate for the Australian population. 

Phlegmariurus carinatus can be identified readily as it is the only species bearing 

fleshy adpressed olive-green or glaucous green lycophylls that is found in its range. 

The strobilus is usually terete in Asia and Malesia but quadrangular strobili may be 

found in some plants from Melanesia and Australia. 

Conservation status: Phlegmariurus carinatus is listed as Endangered in the 

Queensland NCA and the Australian EPBCA. 

Etymology: From the Latin carinatus, meaning keeled, referring to the lycophylls. 

 Specimens examined: AUSTRALIA, QUEENSLAND, COOK:  North Pap, Iron 

Range 22Oct1981 B. Gray 2226 (CNS); upper tributary of the West Claudie River 

between North and South Pap, Iron Range 20Oct2008 A. Field & W.-H. Lim ARF3182 

(BRI);  crest of South Pap, Iron Range 16Aug2005 B. Gray & T. Ford, 9036 (CNS);  

upper tributary of Peach Creek, McIlwraith Range 20Oct2005 A. Field & H. Field 

ARF969 (BRI);  upper reaches of the Chester River, McIlwraith Range 30Jul1978, J. 

R. Clarkson 2428 (BRI);  Leo Creek area, Timber Reserve 14, McIlwraith Range 

19Jun1995 P. I. Forster PIF16865 (BRI);  past forest pocket, McIlwraith Range 

04Aug2002 B. Gray and D. L. Jones 8205 (CNS);  Leo Creek Road, McIlwraith 

Range 14Aug2003 B. Gray & D. L. Jones 8716 (CNS);  TR14 Leo Creek Mine Area 

07Jul1992 P. I. Forster, G. Kenning & M. C. Tucker (BRI);  SRI LANKA: Ceylon, 
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n.d. Juss. 639  (P);  THAILAND: Chiang Mai ex cult. 28May2007 A. Field ARF3332 

(JCT);  MALAYSIA: near Kutching, Sarawak 30May2007 A. Field & W.-H. Lim 

ARF2749 (JCT);  INDONESIA: Sumatra ex cult. n.d. A. Field ARF20 & ARF1141 

(JCT);  PHILIPPINES:  Mindanao ex cult. n.d. A. Field ARF603 (JCT);  PAPUA 

NEW GUINEA:  Dom River Logging Area, Madang Province n.d. D. Liddle s.n.;  

SOLOMON ISLANDS: north west of Tinomeat Village 28May1991 P. I. Forster & 

D. Liddle PIF8733 (BRI);  Kira Kira, San Cristobal 30Aug1932 L.J. Brass 2772 

(BRI);   
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Figure 4.2 Phlegmariurus carinatus (a) habit of plant growing 4.5 m from the 
ground on a Licuala ramsayi near Top Peach Creek, McIlwraith Range, 
Queensland; (b) distribution of collections examined from Australia. 

(a) 

(b) 

<125 mm> 
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2.  Phlegmariurus dalhousieanus (Spring) A.R. Field comb. nov. 

Basionym: Lycopodium dalhousieanum Spring, Monographie de la Famille des 

Lycopodiaces 2 1849 = [Mem. Acad. Roy. Belg. 214(1849) 25]; 

Huperzia dalhousieana (Spring) Trevis. Atti Soc. Ital. Sci. Nat. 17 

(3):247 (1874); Urostachys dalhousieanus (Spring) Herter ex Nessel, 

Bärlappgewächse 185 (1939); Type: Lady Dalhousie, Penang (holo: K! 

[3960/59], iso: BONN n.v.). 

Synonyms: Lycopodium caudifolium Alderw., Bull. Jard. Bot. Buitenzorg, se. 2, 

1:14 (1911); Urostachys caudifolius (Alderw.) Herter ex Nessel,  

Bärlappgewächse 185 (1939); Huperzia caudifolia (Alderw.) Holub, 

Folia Geobot. Phytotax. 20(1): 71 (1985); Type: Borneo, 

A.W.Niewenhuis 317 (holo: BONN!, iso: L!).  

Lycopodium clarae F.M.Bailey, Queensland Bot. Bull. 7 (1893);  

 Urostachys clarae (F.M.Bailey) Herter ex Nessel,  Bärlappgewächse 

185  (1939);  Huperzia clarae (F.M.Bailey) Holub, Folia Geobot. Phytotax. 

 20(1): 71 (1985); Type: Australia, Upper Freshwater Creek E.Cowley 

29.  (holo:  BRI!, iso: K!). 

Lycopodium glaucum Cesati, Ann. Acc. Sc. Fis. et. Mat. Napoli VII, 35 

(1876); Urostachys glaucus (Cesati) Herter, Revista Sudamer. Bot. 8: 

86 (1949); Type: Borneo, Sarawak, O.Beccari (holo: FI[1821]!). 

Lycopodium magnificum Brownlie, Nova Hedwigia Beih., 55 (Pterid. 

Fl. Fiji): 22 (1977); Huperzia magnifica (Brownlie) Holub, Folia 

Geobot. Phytotax. 26(1): 92 (1991); Type: Viti Levu, Fiji (holo: 

CHR341159!). 

Lycopodium ingens Gepp ex Nessel, Bärlappgewächse 185 (1939); 

Type: Sogori, New Guinea H.O.Forbes s.n. (holo: BM! [BM1038045]). 

Description:  PLANTS epiphytic from the base of Platycerium hillii (in Australia) or 

from other epiphytes (outside Australia) in rainforest;  SHOOTS tufted with few 

branches, terete, pendent throughout, isotomous dividing 1-6 times, up to 160 cm long 

(in Australia) and 290 cm (outside Australia), homophyllous or slightly 

heterophyllous, all parts glaucous, grey or blue-green aging to bright yellow;  STEMS 

soft fleshy, up to 10 mm in diameter, bearing indistinct interstichal grooves, pale 

whitish glaucous throughout;   LYCOPHYLLOTAXY multifarious, lycophylls in 2 
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alternating subwhorls of 3-5 appearing spiralling; LYCOPHYLLS thin and papery, 

sessile clasping stem, cupped adaxially but not carinate, widely spreading, narrow 

triangular with a broad lobed base and attenuate apex, 15 x 25 mm, margins rolling 

adaxially when desiccated and unrolling when hydrated, pale glaucous blue-green;  

STROBILI may be indistinguishable from sterile zone or moderately differentiated 

with shorter more closely spaced sporophylls in the same arrangement, reversion from 

strobilate to sterile zone not seen;  SPOROPHYLLOTAXY as for lycophyllotaxy;  

SPOROPHYLLS similar to lycophylls but may be shorter, 10-25 x 3-10 mm, 

SPORANGIA in axils of sporophylls 2-4 mm in diameter; Blue tassel-fern. 

Distribution:  Although widespread P. dalhousieanus is extremely rare throughout its 

range in Malesia, Melanesia and Australia. Within Australia P. dalhousieanus occurs 

in three very low density, small populations in rainforest of the Wet Tropics and Cape 

York bioregion. At least two known historical populations are extinct. 

Habitat:  In Australia P. dalhousieanus is host-specific. It grows only from the base 

of the endemic epiphyte Platycerium hillii (Chapter 5). Outside of Australia P. 

dalhousieanus may grow from other nest-forming epiphytic species. The northern 

Australian population was affected by severe tropical cyclones Ingrid in March 2005 

and then Monica in May 2006. The southern population was affected by severe 

tropical cyclones Ingrid in March 2005, and Larry in March 2006 and Yasi in 2011. 

Discussion: Øllgaard (1987) suggested that the four species he placed in the P. 

dalhousieanus group may belong to one species. Investigation of type materials for 

these names, and of additional living and herbarium material did not discover any 

morphological differences between these four taxa and they are therefore considered 

to be one widespread species that with a sparsely fragmented distribution. 

Phlegmariurus dalhousieanus is a unique species among Palaeotropical 

‘Phlegmariurus’ without any known close relatives. It exhibits a unique morphology 

and ecology not observed among other tassel-ferns.  

The species is unique in being totally glaucous and appearing homophyllous (or with 

only a slight reduction from lycophyll to sporophyll length). The margins of all 

microphylls are involuted adaxially when the plant is desiccated. In Malesia there is 

another large and glaucous but unrelated species, H. goebelii, that can be distinguished 
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by having heterophyllous shoots with sporophylls that are scarcely longer than the 

sporangia and by not having involute lycophyll and sporophyll margins. 

Conservation status:  Huperzia dalhousieana is listed as Endangered in the 

Queensland NCA and the Australian EPBCA. The species is heavily exploited by 

plant collectors in the Malesian region and it should also be regarded as Endangered 

outside of Australia. 

Etymology:  This species was named in honour of Lady Susan Dalhousie the wife of 

Lord James Ramsey, Marquess of Dalhousie. Lady Dalhousie provided the specimen 

to J.D. Hooker that was to become the holotype.  

Specimens examined:  AUSTRALIA, QUEENSLAND, COOK:  Leo Creek Road, 

McIlwraith Range 21Sep2005 A.R Field, H.R. Field, K. Nunn & Y. Nunn ARF975 

(BRI);  Leo Creek Road, McIlwraith Range 04Dec1979 B. Hyland 10129 (CNS);  

McLeans Creek, Alexandra Range 30Jun2004 A.R. Field & H.R. Field ARF766 (BRI); 

Fairy Creek, Alexandra Range 25Nov2008 A.R. Field & B. Gray ARF767 (BRI);  

Freshwater Creek, Cairns Cowley 29 (BRI);  Freshwater Creek, Cairns L.J. Nugent s.n. 

(BRI); SOUTH KENNEDY:  Davidson Creek, Kirrama Range 14Jan2004 A.R. Field 

H.R. Field, A. Murray, R. Murray & C. Murray ARF110. MALESIA, THAILAND: 

Penang n.d. Lady Dalhousie s.n. (holo: K); PAPUA NEW GUINEA: near Wantipi on 

the Bliri River, Bougainville 26Jul1961 P. J. Derbyshire 8273 (CANB); 11 m from 

Buin, Bougainville 25Jul1964 R. Schodde 3680 (CANB); northern Hans Meyer 

Range, New Ireland 31Oct1984 J.R. Croft 1938 (CANB); Hunstein Range 05Aug1991 

W. Takeuchi 6468 (BRI); Kokoda 23Mar1936 C.E. Carr 6216 (BRI); FIJI: Valley of 

Ngaliwanna Creek, Viti Levu 21Jul1947 A.C. Smith 5364 (BRI).  
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Figure 4.3 Phlegmariurus dalhousieanus (a) holotype in Kew; (b) habit of plant 
growing 22 m from the ground on a Dysoxylon pettigrewianum near the 
Alexandra Range, Daintree Queensland; (c) distribution of collections 
examined from Australia. 

(c) 

(a) (b) < 450 mm > 

<100 mm> 
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3.  Phlegmariurus filiformis (Sw.) W.H. Wagner, Contr. Univ. Michigan Herb. 20: 
242 (1995).  

Basionym: Lycopodium filiforme Sw., J. Bot. (Schrader) 1800 (2):114 (1801);  

  Urostachys filiformis (Sw.) Herter, Index. Lyc. 61. 1949; Huperzia 

  filiformis (Sw.) Holub, Folia Geobot. Phytotax 20:72 (1985); Type: not 

  designated ‘Insulae Sandwich Oceani Pacifici’ [Tahiti] n.v. 

Synonyms: Lycopodium polytrichoides Kaulf., Enum. Filic. 6 (1824); Urostachys 

  polytrichoides (Kaulf.) Herter ex Nessel, Bärlappgewächse 129 (1939);  

  Huperzia polytrichoides (Kaulf.) Trevis., Atti Soc. Ital.Sci. Nat. 17(2) 

  (1874); Type: Owahu insularum Sandwich Chamisso s.n. (lecto: 

BONN   selected by Nessel (1939) Die Bärlappgewächse 129 n.v.). 

Description: PLANTS epiphytic in rainforest; SHOOTS tufted, terete, at first erect 

rapidly becoming decumbent or pendent, isotomous dividing 1-7 times, up to 120 cm 

long and up to 12 mm in diameter, more commonly less than 7 mm in diameter, 

gradually heterophyllous; STEMS  firm fleshy, up to 2 mm in diameter, bearing weak 

interstichal grooves, pale green; LYCOPHYLLOTAXY  multifarious, lycophylls in 2 

alternating subwhorls of 3 to 5, close set, appearing helical; LYCOPHYLLS soft to 

firm, sessile, not carinate, spreading acutely on basal divisions but gradually becoming 

adpressed as the shoot elongates, narrow triangular or linear, 5-7 mm x < 1 mm, 

midrib indistinct on both surfaces; light yellowish to dark green, glossy; STROBILI 

gradually differentiated from sterile zone, terete, divided 0-5 times, 3-4 mm in 

diameter; SPOROPHYLLS similar length to lycophylls but broader and more 

adpressed, not carinate, imbricate, narrow triangular with attenuate apices, 3 x 1.5 

mm, appear to spiral (2 alternating whorls of 3 or 5) or weakly orthostichous on (2 

alternating whorls of 4); SPORANGIA in sporophyll axils, 1.5 mm in diameter. Rat-

tail tassel-fern. 

Distribution:  Phlegmariurus filiformis occurs in Melanesia and Polynesia and also 

along the wet tropical coastal fringe of Queensland Australia.  In Australia this species 

is restricted to several small populations in high altitude rainforest in the Wet Tropics 

bioregion between the Cardwell Range and the Mt Windsor Tableland.  

Habitat:  In Australia P. filiformis is found as a high canopy epiphyte on the bark of 

the trunk, primary and secondary branches of large rainforest trees. It grows in high 
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altitude rainforest where it is exposed to mist. This species may form mats along the 

upper surface of large sloping branches of old trees and the strobilate branches hang 

freely over each side of the branch. I have observed this species growing from the 

humus nest of Asplenium australasicum but have not observed it growing from other 

epiphytes. 

Discussion: Phlegmariurus filiformis is placed in the Palaeotropical ‘Phlegmariurus’ 

clade (Chapter 3). At present no type specimen of P. filiformis has been designated 

and this has posed problems for rigorous morphological investgation of this species. In 

the event that no material is located in the future, and if a neotype needs to be chosen I 

would recommend a specimen from the Tahiti population. 

The name Lycopodium verticillatum L.f. has sometimes been used in reference to the 

Australian population either as a missaplied name or as a synonym of P. filiformis 

(Andrews 1990, Chinnock 1998, Hassler & Swale 2003). Genbank material 

determined as verticillatum L.f. was sister to Australian P. filiformis in Chapter 2. In 

general, herbarium specimens that have been determined as P.verticillatus originate 

from the Indo-Asian region and have nearly homophyllous shoots with longer and 

more spreading lycophylls and sporophylls compared with herbarium specimens 

determined as P. filiformis which tend to originate from the Australia-Pacific region 

and have slightly heterophyllous very slender shoots with acute to adpressed 

lycophylls. The relationship between the two requires further investigation. 

The name P. filiformis has historically been used for filiform plants from the 

Neotropics that are considered to belong to a different clade to the Palaeotropical P. 

filiformis (Wikström and Kenrick 2000). Øllgaard (1987) included two Neotropical 

synonyms, L. tortile H. Christ. and  L. tuerckheimii Maxon that are here excluded from 

P. filiformis. The types of both of these Neotropical taxa appear to lack the broader 

sporophylls and minutely toothed margins present in P. filiformis. 

Excl. syn:  Lycopodium tortile H. Christ. Bull. Soct. Bot. Genève 1(5): 235  

  (1909); Type: Costa Rica, Werckle s.n. (lecto: P!). 

  Lycopodium tuerckheimii Maxon, Contr. U.S. Nat. Herb. 13(1): 23, t.1 

  (1909); Urostachys tuerckheimii (Maxon) Herter, Repert. Spec. Nov. 

  Regni. Veg. 19: 163 (1923); Huperzia tuerckheimii (Maxon) Holub, 
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  Folia Geobot. Phytotax. 20: 77 (1985); Type: Cobán, Guatemala  

  Tuerckeim s.n. (holo: US!). 

  Lycopodium verticillatum L.f., Suppl. Pl. 448. (1781) (publ. April 

1782);   Urostachys verticillatos (L.f.) Herter, Beih. Bot. Centralbl.  39:249 

  (1922); Huperzia verticillata (L.f.) Rothm., Feddes Repert. Spec. Nov. 

  Regni Veg. 54: 60 (1944); Type: Insulae de Bourbon (Réunion),  

  P.Sonnerat per A.Thouin (holo: SBT! [SBT12294]). 

 

Conservation status: Phlegmariurus filiformis is listed as Endangered in the 

Queensland NCA and the Australian EPBCA. 

Etymology: This species epithet presumably refers to the slender form of the species. 

Specimens examined: AUSTRALIA, QUEENSLAND, COOK: Roots Creek, 

Mossman 05Feb1935 T. Carr 339 (BRI); SFR 143 Carbine Logging Area 31Jun1984 

B. Gray 03459 (CNS); SFR 143 Carbine LA 27Mar2003 B. Gray  08868 (CNS); near 

Half-Ton Creek on Mt Lewis Tableland 05Jul06 A. Field & H. Field ARF1017  (BRI); 

near Mary Creek on Mt Lewis Tableland 09Oct2004 A. Field & H. Field ARF827 

(BRI); near Brooklyn on Mt Lewis Tableland 07Jul2006 A. Field & H. Field ARF1028 

(BRI); Hypipamee Crater 03Apr1937 A.G. Hawkins 03016; NORTH KENNEDY: 

SFR 605, Culpa Road 3.7 km from O’Leary Creek Bridge 16May2002 A. Ford 

AF3384 (BRI, CNS). 
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Figure 4.4 Phlegmariurus filiformis (a) habit of plant growing 17 m from the 
gound on the branch of a Caldicluvia sp. near Mary Creek, Mt Lewis, 
Queensland; (c) distribution of collections examined from Australia. 

(a) 

(b) 

<90 mm> 
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4.  Phlegmariurus lockyeri (D.L. Jones and B. Gray) A.R. Field comb. nov. 

Basionym: Lycopodium lockyeri D.L. Jones & B. Gray, Austrobaileya 2:126 

(1985); Type: North Mary LA 30Aug1984 B. Gray 3541 (holo: BRI!,  

iso: CNS!; Basionym of: Huperzia lockyeri (D.L. Jones and B. Gray) 

Holub, Folia Geobot. Phytotax. 26(1):92 (1991). 

Description: PLANTS epiphytic or occasionally epilithic in rainforest;  SHOOTS 

tufted, terete, at first erect becoming pendent with age, isotomous dividing 1-6 times, 

up to 60 cm long and 25 mm in diameter, distinctly heterophyllous;  STEMS firm 

fleshy, up to 3 mm in diameter, bearing indistinct interstichal grooves, pale green;  

LYCOPHYLLOTAXY multifarious in up to 6 rows basally (2 alternating whorls of 3) 

or 4 rows distally (2 alternating whorls of 2) appearing helical or sometimes weakly 

orthostichous;  LYCOPHYLLS firm, sessile (but narrowed at base), acutely spreading, 

not cupped or carinate, lanceolate to narrowly ovate with acute apices, 12 x 3 mm, 

midrib indistinct on abaxial surface, mid green to dark green, glossy;  STROBILI 

rapidly but not abruptly differentiated from sterile zone, terete basally and 

quadrangular distally, divided 0-3 times, 3-5 mm in diameter, reversion to sterile form 

common;  SPOROPHYLLOTAXY appearing in a spiral basally (2 alternating whorls of 

3) and orthostichous in four rows distally (subopposite decussate, 2 alternating whorls 

of 2 sporophylls);  SPOROPHYLLS basal sporophylls acutely spreading, lanceolate 

with attenuate apices, flat in cross section 7 x 3 mm, distal sporophylls adpressed, 

triangular with attenuate apices, abaxially keeled, 4-5 x 3 mm;  SPORANGIA 

reniform, in axils of sporophylls, up to 2 mm in diameter, pale yellow; Lockyer’s 

tassel-fern. 

Distribution:  Phlegmariurus lockyeri is endemic to Australia where it is found in 

isolated areas of high altitude rainforest in the Wet Tropics on the Bellenden Ker 

Range and Yarrabah Range, Atherton Tableland, Mt Lewis Tableland, Mt Carbine 

Tableland and Mt Windsor Tableland. 

Habitat:  I have observed P. lockyeri growing as a canopy epiphyte in high altitude 

rainforest where it is found growing on the bark of a variety of host trees including 

palms. It is uncommon to find it growing from the base of other epiphytes. It 

commonly grows as a lithophyte in several limited areas where the rainforest canopy 
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is sparse. Unfortunately these patches are well known and have been significantly 

affected by plant collectors. 

Discussion:  Phlegmariurus lockyeri is part of the squarrosoid clade of Palaeotropical 

Phlegmariurus (Chapter 3). Øllgaard (1989) included this species in his H. carinata 

group, probably because Jones and Gray (1985) compared it to that species in their 

protologue. Phylogenetic analysis does not indicate they are closely related. Huperzia 

lockyeri resembles the type of H. merrillii (Herter) Holub from the Philippines and 

plants identified as H. fordii (Baker) R.D. Dixit from Malesia. The phylogenetic 

relationship between these taxa requires further investigation. Phylogenetic analyses 

presented in Chapter 3 included a Genbank DNA sequence of H. fordii. The analyses 

suggested that P. lockyeri and H. fordii are not closely allied but H. merrillii remains 

unsampled.  

Phlegmariurus lockyeri was named as recently as 1985 after novel Huperzia plants 

were collected when road building and logging was undertaken in the North Mary 

Logging Area on the Mt Lewis Tableland. This species has been frequently confused 

with Phlegmariurus tetrastichoides and many recent herbarium collections purported 

to be P. lockyeri are in fact P. tetrastichoides. This has resulted in an overestimate of 

the range and abundance of P. lockyeri in Queensland. Phlegmariurus lockyeri 

lycophylls are not keeled and the basal region of its strobili are terete whereas P. 

tetrastichoides bears keeled lycophylls and the strobili are quadrangular throughout.  

Conservation status: Phlegmariurus lockeryi is listed as Vulnerable in the 

Queensland NCA and the Australian EPBCA. 

Etymology: P. lockyeri was named in honour of Mr Reg Lockyer a plant collector 

from Ravenshoe north Queensland. 

Specimens examined: AUSTRALIA, QUEENSLAND, COOK: Windsor Tableland 

28May2002 B. Gray & D.L. Jones 8165;  near Half Ton Creek, Mt Lewis Tableland 

08Oct2004 A.R. Field & H.R. Field ARF823, ARF824 & ARF825 (BRI); Mt Lewis 

07Sept1971 B. Wallace s.n. (BRI);  SFR143 North Mary L.A. 30Aug1984 B. Gray 

3541 (BRI);  SFR607 Emerald L.A. 06Jul1971 A.W. Dockrill 160 (BRI & CNS);  Bell 

Peak 30Jun1995 R.L. Jago 3530 (BRI);  SFR144 Bower Bird L.A. Spencer Creek 

Water Shed 08Jan1985 R. Lockyer s.n. (BRI).  
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Figure 4.5 Phlegmariurus lockyeri (a) holotype in CNS; (b) habit of plant growing 
on a granite boulder near Half-Ton Creek, Mt Lewis, Queensland; (c) 
distribution of collections examined from Australia. 

(a) (b) 

(c) 

<60 mm> 
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5.  Phlegmariurus marsupiiformis (D.Jones & B.Gray) A.R. Field comb. nov. 

Basionym: Lycopodium marsupiiforme D.L.Jones & B.Gray, Austrobaileya  2(2): 

  128 (1985); Type: North Mary LA 03Jan1985 B. Gray 3841 (holo: 

 BRI!,   iso: CNS!); Basionym of: Huperzia marsupiiformis (D.Jones & 

B.Gray)   Holub, Folia Geobot. Phytotax. 26(1): 92 (1991). 

Description:  PLANTS epiphytic or epilithic in rainforest;  SHOOTS tufted, erect 

when short soon becoming latent or pendent, terete or loosely quadrangular, up to 15 

mm in diameter, isotomous dividing 1-6 times, up to 30 cm in length, distinctly 

heterophyllous;  STEMS firm fleshy, pale green throughout, up to 1.5 mm in diameter, 

bearing 4 indistinct interstichal grooves;  LYCOPHYLLOTAXY weakly orthostichous 

in 4 rows (2 alternating whorls of 2 lycophylls);  LYCOPHYLLS soft to firm, sessile 

with a narrow base, flat, acutely to obtusely spreading, oval shaped with an obtuse or 

bluntly acute apex, 5-8 x 4 mm, midrib indistinct on both surfaces, pale yellow green 

to dark green, glossy;  STROBILI abruptly differentiated from sterile zone, 

quadrangular throughout  2-3 mm in diameter, branching 0-3 times, reversion to sterile 

form occasional;  SPOROPHYLLOTAXY orthostichous in four rows (subopposite 

decussate, 2 alternating whorls of 2 sporophylls);  SPOROPHYLLS adpressed, 

imbricate, carinate and pouched in cross section, short triangular with acute apices, 2.5 

x 1.5 mm;  SPORANGIA reniform, in axils of sporophylls, pale yellow and up to 1.5 

mm in diameter; Tea leaf tassel-fern. 

Distribution: Phlegmariurus marsupiiformis is endemic to Australia where it grows 

in high altitude rainforest. Most records come from the Mt Lewis Tableland where it 

has been collected numerous times on the Mt Lewis Road in the vicinity of the North 

Mary River (SFR143 North Mary LA). Further collections from this population are 

probably not necessary. Fewer collections have been made from other areas and the 

population at the southern limit of its range requires further investigation. 

Habitat:  On trees or rocks in high altitude rainforest. This species usually grows in 

moss, humus, and thick bark or from the base of other epiphytes. It grows in sympatry 

with P. filiformis, P. lockyeri and P. tetrastichoides.  

Discussion:  Phlegmariurus marsupiiformis is part of the large well-supported but 

internally unresolved squarrosoid subclade of Palaeotropical Phlegmariurus. It is 
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related to the endemic species P. lockyeri and P. tetrastichoides but also to many other 

similar species outside Australia. More than 100 years after this species was first 

collected, specimens began to be collected from the Mary Logging Area near Mt 

Lewis. Subsequently the new species was named in 1985. This species shares many 

characters with the holotype of Urostachys delbrueckii Herter  (Mindanao, 

Philippines, E.A.Mearns & W.J.Hutchinson 4654 holo: PNH destroyed, NY! 

[NY127344], iso: MICH! [MICH1191095], P! [P01220906, P01220907], US! 

[US134352]) and further investigation is required to determine the relationship 

between the two taxa. In Australia P. marsupiiformis can be readily identified because 

it is the only Australian tassel-fern with blunt rounded lycophyll apices.  

Conservation status:  Phlegmariurus marsupiiformis is listed as Vulnerable in the 

Queensland NCA and the Australian EPBC. 

Etymology: The epithet is derived from latin marsup meaning pouched and forme 

meaning in the form of and is in reference to the sporophylls which are poched in 

cross section. 

Specimens examined:  AUSTRALIA, QUEENSLAND, COOK: SFR144 Bower Bird 

LA 05Jan1985 B. Gray 3842 (CNS);  SFR194 Parish of Western 07Jan1985 B. Gray 

3846 (CNS);  Windsor Tableland 28Jan2002 B. Gray 8156 (CNS);  North Mary LA, 

Mt Lewis Tableland Nov1981 D. Liddle s.n. (BRI);  Mt Lewis Tableland 23May1989 

D. Jones 4267 (BRI & CANB);  SFR143 North Mary LA, Mt Lewis Tableland 

03Jan1985 B. Gray 3841 (BRI);  SFR143 South Mary LA, Mt Lewis Tableland 

15Jun1995 P.I. Forster PIF16807 (BRI);  SFR143, North Mary LA, Mt Lewis 

Tableland 13May2001 P.I. Forster PIF2697A (BRI);  Half Ton Creek, Mt Lewis 

Tableland 04Jun2006 A. Field & H. Field ARF1022 (BRI);  Millaa Millaa Falls 

14May2004 A. Field & O. Rawlins ARF757 (JCT); South Kennedy:  telegraph line 

30Jul1870 J. Dallachy s.n. (BRI);  SFR756 Solomon LA 08Jan1985 R. Lockyer s.n. 

(BRI, CNS). 
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Figure 4.6 Phlegmariurus marsupiiformis (a) isotype in CNS; (b) habit of plant 
growing 18 m from the ground on a Pouteria sp. near Half-Ton Creek, 
Mt Lewis Queensland; (c) distribution of collections examined from 
Australia. 

(a) (b) 

(c) 

<60 mm> 
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6.  Phlegmariurus phlegmaria (L.) T. Sen & U. Sen, Fern Gaz. 11(6): 421 (1978). 

Basionym: Lycopodium phlegmaria Linnaeus, Species Plantarum (1753); Type: 

Dillenius (1741) Hist. Musc. (p. 450 tab. 61 fig. 5, A, B & C.!) hic designatus; 

Basionym of: Huperzia phlegmaria (L.) Rothm. Feddes Repert. 54: 62 (1944); 

Urostachys phlegmaria (L.) Herter, Bot. Arch. 3: 17 (1923). 

Description: PLANTS epiphytic or occasionally epilithic in rainforest; SHOOTS 

tufted, variable, either erect becoming pendent with age or totally lax, terete, 

isotomous, distinctly heterophyllous; STEMS variable, soft and flesh to hard and 

woody, light green, yellow brown, dark brown to dark purplish-black, 1-10 mm 

diameter, bearing either indistinct interstichal grooves, deep grooves or sharply keeled 

ridges equal to the number of lycophylls per subwhorl; LYCOPHYLLOTAXY variable, 

commonly 2 alternating but indistinct subwhorls of 3 to 7 lycophylls depending on 

population; LYCOPHYLLS variable, thin and herbaceous to hard or coriaceous, flat to 

recupped, petiolate, obtusely spreading, broadly ovate to linear lanceolate with an 

acute to attenuate apex, midrib visible but indistinct on both surfaces, yellow-green to 

dark green, dull to glossy; STROBILI abruptly differentiated, terete or quadrangular 

usually < 2 mm in diameter, divided 1 - 5 times; SPOROPHYLLOTAXY variable, 

either subopposite decussate or 2 alternating whorls of 3 sporophylls; SPOROPHYLLS 

adpressed, ovate with a blunt apex to triangular with an acuminate apex, 2 x 1.5 mm, 

colour and texture as for lycophylls; SPORANGIA reniform, in axils of sporophylls, 

not completely covered by sporophylls or concealed by imbricate sporangia, light 

yellow, 1-1.5 mm in diameter. 

Typification: 

Epiphytic Lycopodiaceae were first discovered by European botanists in the East 

Indies in the late 1600s. Several species were described and illustrated in: 

Breyne (1678) Exoticarum Plantarum Centuria Prima (tab. 92 n.v.) 

 Rheede et al. (1703) Hortus Indicus Malabaricus XII (p. 27, tab 14!) 

 Rumphius (1741) Herbarium Amboinense (VI p. 91, tab. 41, fig. 1!) 

 Dillenius (1741) Historia Muscorum (p. 450 tab. 61 fig 5, A, B & C.!)  

 Dillenius (1741) Historia Muscorum (p. 450 tab. 61 fig 5, D & E.!) 

 Linné (1743) Flora Zeylanica number 386 (P. Hermann herb. vol 4. p. 5!) 



 

149 

Linnaeus described Lycopodium phlegmaria in Species Plantarum in 1753 and cited 

Dillenius (1741 p. 450 tab. 61 fig 5), Linné (1743 p. 183 no. 386 & P. Hermann 

specimen vol. 4 p. 5), Breyne (1678 tab. 92), and Rheede et al. (1703p. 27, tab 14) in 

his protologue. Based on the limited material available Linnaeus obviously regarded 

all of these illustrations, and the P. Hermann specimen, as belonging to the same 

species and the detail of their respective descriptions is limited. His basic description 

could be applied to almost any taxon in the genus. These illustrations and the P. 

Hermann specimen represent multiple species. In accordance with ICBN (2006) Div. 

2, Chapt. 2, Sect. 2 Art. 9.9 a lectotype may be selected to restrict the type of the taxon 

L. phlegmaria L. to one species.  

Øllgaard (1989) indicated that Dillenius tab 61 fig 5 ABC was eligible for selection as 

lectotype but did not desginate it. The illustrations of Dillenius tab 61 fig 5 ABCDE 

are based on two separate illustrations reproduced from earlier publications. Dillenius 

tab 61 fig. 5. A, B & C is reproduced from Rheede et al. (1703 XII p. 27, tab 14) but 

Dillenius tab 61 fig. 5. D & E is reproduced from Breyne (1678 tab 92).  

In 1810, Willdenow described L. mirabilis (Willd.) Holub for Dillenius D & E and F 

(i.e. the Breyne illustration) but retained the reference to Dillenius A-C (i.e. the 

Rheede et al. illustration) for L. phlegmaria L. In 1832, Lycopodium phyllanthum 

Hook. & Arn. was described from new material which is in my opinion conspecific 

with the P. Hermann specimen. In the interest of conserving nomenclatural stability I 

believe that Dillenius fig. 5, A, B & C. (1741) is the most suitable lectotype because it 

exhibits characters present in the diagnosis (in accordance with ICBN 2006 Div. 2, 

Chap. 2, Sect. 2, Art. 9.12.) and most closely accords with L. phlegmaria as it is 

regarded today (in accordance with ICBN 2006 Div. 2, Chapt. 2, Sect. 2 Art. 9 

Recommendation 9.A.5.y).  

Distribution: Treated in the broadest possible sense this taxon is extremely wide 

spread, ranging over 20 000 kilometres from Madagascar through Asia, Malesia to 

Australia and Polynesia. Phlegmariurus phlegmaria s.l. is absent from south America. 

Treated in the narrow sense (as done here) this taxon ranges from India to Asia with 

mulitple related taxa occurring in Madagascar, Malesia, Melanesia, Polynesia and 

Australia. 
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Discussion:  Treated in the broad sense P. phlegmaria sensu lato is difficult to define. 

The only monophyletic approach to a P. phlegmaria s.l. would be to synonymise all of 

the presently recognised species belonging to the phlegmaria clade (Chapter 3). In my 

view the sensu lato approach results in a P. phlegmaria that is morphologically 

heterogeneous to the point of being unacceptable because it encompasses significantly 

greater variation than all of the remaining tassel-fern taxa. Although this problem is 

not apparent in floras where there is only a single species from this clade present (for 

example in Madagascar) it is quite apparent in floras in which two, three or four 

morphologically divergent species occur in sympatry (for example in Fiji and 

Malesia). 

Treated in the alternative restricted sense P. phlegmaria can be defined as plants in the 

phlegmaria clade from India and Asia that are strictly conspecific with the lectotype, 

i.e. they have sharply heterophyllous shoots, shortly petiolate ovate lanceolate nearly 

symmetrical lycophylls borne in alternating sub-whorls of four and have weakly 

developed longitudinal stem grooves between the rows of lycophylls. These characters 

are all apparent in the type illustration or are described in the protologue. Following a 

strict sense interpretation of P. phlegmaria there are a number of already accepted taxa 

in Australian Madagascar, Malesia, Melanesia and Polynesia including three in 

Australia. I have not yet been able to view the type material of all of these species and 

therefore resolving the nomenclatural conundrum for all of the taxa from outside 

Australia remains beyond the scope of this revision. 

As an interim approach for this thesis the three Australian subclades within the 

phlegmaria clade are recognised but given informal taxonomic status pending 

formalisation of their rank and status. Potential species or infraspecies names and 

types for the three Australian clades are listed as synonyms and explained in the 

discussion. 

Etymology: The specific epithet phlegmaria is derived from the polynomial in Breyne 

(1678) ‘Selago indiae orientalis f. Phlegmaria admirabilis zeylanica’. 
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Key to Australian taxa in the P. phlegmaria clade 

1a Strobili quadrangular, sporophylls opposite decussate, imbricate, carinate with 
attenuate apex; lycophylls densely crowded appearing squarrose, shoots dark 
green with pale whitish apex ...................................... P. longibracteatus (6A) 

1b Strobili terete, sporophylls not carinate with attenuate apex; lycophylls not 
densely crowded and squarrose, shoot and shoot apex similar green...............2 

2a Mature stems < 4 mm in diameter, dark purplish-brown in lower division, 
longitudinal stem grooves indistinct, lycophylls ovate to lanceolate, 5-15 mm 
long, widest near middle, firm ..........................................P. ledermannii (6B) 

2b Mature stems > 4 mm in diameter, yellowish-brown near base, longitudinal 
stem grooves distinct, lycophylls obliquely lanceolate, > 15 mm long, widest 
near base ........................................................................P. cf. phlegmaria (6C) 
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Figure 4.7 The illustrations labelled A, B & C are the lectotype chosen for 

Lycopodium phlegmaria L. reproduced here from Dillenius (1741) 
Historia Muscorum p. 450 tab. 61 fig 5, A, B & C. The illustrations 
labelled D & E are the lectotype chosen for L. mirabilis Willd. 
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6A.  Phlegmariurus longibracteatus (Domin) A.R. Field comb. nov.  

Basionyms: Lycopodium phlegmaria var. longibracteatum Domin, Biblioth. Bot. 

  20(85): 228 (1913); Type: Harvey Creek North Queensland, K. Domin 

  s.n. 1810, (holo - PR n.v., image!) 

Description: PLANTS epiphytic or epilithic in rainforest; SHOOTS tufted, at first 

erect but arching, and becoming pendent with age, terete, isotomous, divided 1-12 

times, often widely fanning, up to 90 cm long and 35 mm in diameter, distinctly 

heterophyllous; STEMS firm woody, up to 8 mm in diameter, bearing up to 15 

interstichal grooves, pale green with a brown to dark brown blush basally; 

LYCOPHYLLOTAXY multifarious, densely crowded and squarrose, with 2 alternating 

whorls of up to 8 lycophylls basally, number of lycophylls per whorl gradually 

reducing distally; imature shoot apices flat or blunt, much paler than matured 

lycophylls; LYCOPHYLLS firm, shortly petiolate, obtusely spreading, narrow 

lanceolate with long acute to acuminate apex, widest 1/5th above base, 15 x 3 mm, 

cupped abaxially, midrib visible on abaxial surface, pale whitish-green when imature 

maturing to a mid or dark green, glossy; STROBILI abruptly differentiated, becoming 

quadrangular distally, ~ 2 mm diameter, up to 5 times forked, often reverting to sterile 

form; SPOROPHYLLOTAXY orthostichous in 2 alternating whorls of 3 basally, 

opposite decussate distally; SPOROPHYLLS adpressed, imbricate, triangular or ovate 

with an attentuate apex, moderately carinate towards apex, up to 3 long and 2 mm 

wide, texture and colour as for lycophylls; SPORANGIA reniform, in axils of 

sporophylls, light yellow ~1-1.5 mm diameter; Gold-tip tassel-fern. 

Distribution: Within Australia the P. longibracteatus has been recorded sporadically 

from the Daintree region south to Tully region. So far collections have come from 

both the upper slopes of mountains, tablelands and also deep lowland gorges. It also 

occurs in Malesia and Melanesia. 

Habitat: Phlegmariurus longibracteatus has been observed as a canopy and sub-

canopy epiphyte and as a lithophyte adjacent watercourses. 

Discussion: Based on interpretation of Domin’s original descriptions the ‘gold-tip’ is 

considered to be conspecific with L. phlegmaria var. longibracteatum Domin 

described from Harvey Creek, Mt Bellenden Ker. This type was reported to be 
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deposited in Prague herbarium (Øllgaard 1989) but Karol Domin’s Australian 

Lycopodiaceae collection could not be located in Prague at the time of this study and 

therefore no material of this taxon was available for examination. The image of L. p. 

var. longibracteatum Domin accompanying its description is typical of the ‘gold-tip 

tassel-fern’ (Domin 1915). 

Phlegmariurus longibracteatus can be distinguished from the P. cf. phlegmaria 

'coarse' and P. ledermannii by having denser, longer narrower sporophylls with 

attenuate apices, quadrangular strobili, sporophylls with elongate apices and by having 

pale whitish-yellow shoot apices that strongly contrast with the dark green bottlebrush 

like shoots. 

Conservation status: Phlegmariurus longibracteatus is presently listed as Rare 

(under H. phlegmaria s.l.) in the Queensland NCA and the Australian EPBCA. A 

conservation status of Vulnerable is recommended (Chapter 5).  

Etymology: Commonly referred to as the ‘gold-tip tassel-fern’ in the fern trade 

owing to its pale yellowish-white shoot apices that contrast with dark green mature 

shoots. 

Specimens examined: AUSTRALIA, QUEENSLAND, COOK: Mossman Gorge 

12Jun2004 A.R. Field, H. R. Field & R.J.A. Field ARF744 & ARF745 (BRI); Mt 

Lewis Tableland 01Apr2007 I. Toh & Field A.R. ARF2690 (BRI); 1 km from 

Koombaloomba Dam Road 30Apr2005 A.R. Field & H. R. Field ARF900 (BRI); 

Kooramool Creek W Tully 19Apr2007 A.R. Field & A. McMahon ARF2695 (JCT).  
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Figure 4.8 Phlegmariurus longibracteatus (a) scan of base shoot and pendulous 

shoot apex of ARF0744; (b) distribution of collections examined from 
Australia. 

(a) 

(b) 

50 mm 
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6B.  Phlegmariurus ledermannii (Herter) A.R. Field comb. nov.  

Basionym: Lycopodium ledermannii Herter, Bot. Jahrb. Syst. 54: 232. (1916); 

Type:   Lycopodium phlegmaria var. brachystachyum Rosenstock, Repert. 

Spec.   Nov. Regni. Veg. 12:530 (1913); Type: C.Keyser 199, Sattleberg Nova 

  Guinea Germanica (holo: S!, iso: SUNIV!, B! [B113004]); basionym 

of:   Urostachys ledermannii (Herter) Herter ex Nessel Bärlappgewächse 

236   (1939);  Huperzia ledermannii (Herter) Holub, Folia Geobot. Phytotax. 

  20:74 (1985).  

Description: PLANTS epiphytic or occasionally epilithic in rainforest; SHOOTS 

tufted, at first erect (sometimes erect up to 40 or 50 cm) then arching and becoming 

pendent with age, terete, isotomous divided 1-12 times, up to 100 cm long and 25 mm 

in diameter, distinctly heterophyllous; STEMS firm and woody, usually < than 5 mm 

diameter, bearing up to 11 interstichal grooves, dark brown in basal part; 

LYCOPHYLLOTAXY multifarious, number of rows variable ranging from up to 11 in 

basal sections (2 alternating but indistinct whorls of 5 lycophylls) to 6 in distal 

sections (2 alternating whorls of 3 lycophylls); LYCOPHYLLS firm to coriaceous, 

petiolate, obtusely spreading, not carinate, may be weakly recupped, ovate-lanceolate 

with an obtuse base and acute apex, widest 1/3rd above base, 12 x 5 mm, midrib 

visible but indistinct on both surfaces, mid to dark green, glossy; STROBILI abruptly 

differentiated, terete, < 2 mm in diameter, up to 5 times divided, dichotomies usually 

evenly spaced; SPOROPHYLLOTAXY weakly orthostichous, 2 alternating whorls of 3 

in basal sections but opposite decussate in distal sections; SPOROPHYLLS adpressed, 

ovate with an acuminate or acute apex, 2 x 1.5 mm, colour and texture as for 

lycophylls; SPORANGIA reniform, in axils of sporophylls, not completely covered by 

sporophylls, light yellow, 1-1.5 mm diameter; Black-stem tassel-fern. 

Distribution: Phlegmariurus ledermannii ranges from Melanesia (Papua New 

Guinea) to Australia. Within Australia P. ledermannii is found on the tablelands and 

ranges of the Wet Tropics with one collection having been made from a plant found at 

the McIlwraith Range. 

Habitat: Phlegmariurus ledermannii occurs at moderately high altitude, usually as a 

canopy epiphyte in wet tropical rainforest. This taxon is more abundant on upper 
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slopes and tablelands but also occurs at low altitude in a small number of deep gorges. 

It can be found growing from the bark of the trunk and branches of trees and also from 

rocks adjacent watercourses. 

Discussion:  Choice of the taxon P. ledermannii for the taxon hitherto known as H. 

phlegmaria 'black-stemmed tassel-fern' was based on a morphological comparison of 

Australian material with the type of L. phlegmaria var. brachystachya Rosenstock 

from Papua New Guinea, the type of taxon of P. ledermannii. 

P. ledermannii can be distinguished from P. cf. phlegmaria 'coarse' and P. 

longibracteata by having more slender, less grooved, harder and darker coloured 

stems and shorter harder close set lycophylls. 

Conservation status: It is presently listed as Rare under H. phlegmaria in the 

Queensland NCA and the Australian EPBCA. A conservation status of Vulnerable is 

recommended (Chapter 5).  

Etymology: Commonly referred to as the ‘black-stem tassel-fern’ in the fern trade 

owing to its dark brown or blackish stems. 

Specimens examined:  AUSTRALIA, QUEENSLAND, COOK: Mossman River 

Mossman 12Jun2004 A.R. Field, H.R. Field & R.J.A. Field ARF740 (BRI);  Devils 

Pool Babinda Boulders 12Jun2005 A.R. Field & H.R. Field ARF913 (BRI);  

Learmouth Creek Wooranooran NP 16Apr2006 A.R. Field & H.R. Field ARF1001 

(BRI);  Johnstone River off Palmerston Highway 21Aug2004 A.R. Field ARF818 

(BRI); Mt Hypipamee Crater 25May2004 A.R. Field & H.R. Field ARF730 (JCT). 
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Figure 4.9 Phlegmariurus ledermannii (a) scan of base shoot and pendulous shoot 

apex of ARF1001; (b) distribution of collections examined from 
Australia. 

 

(a) 

(b) 

50 mm 
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6C.  Phlegmariurus cf. phlegmaria ‘coarse tassel-fern’. 

Type (ms): Rex Creek Mossman, 22May2004 A.R. Field ARF720, I. Toh and R. 

Lloyd (manuscript type: BRI!). 

Description: PLANTS epiphytic or epilithic in rainforest; SHOOTS tufted, erect when 

short, arching and pendent when long, terete, isotomous 1-12 times forked, to 150 cm 

long, distinctly heterophyllous; STEMS firm fleshy, stiff and woody basally, pale 

green with a brown blush basally, up to 10 mm in diameter, usually not less than 5 mm 

diameter in mature plants, bearing up to 12 rows of distinct interstichal grooves; 

LYCOPHYLLOTAXY multifarious, number of rows variable but up to 11 in basal 

sections (commonly 2 alternating rows of 5 basally  and 2 alternating rows of 2-4 

distally); LYCOPHYLLS firm, shortly petiolate, obtusely spreading, twisted at base, 

asymmetrically lanceolate  with an oblique base and acute to acuminate apex, widest 

1/5th above base, up to 20 x 5 mm, more commonly 15 x 4 mm, slightly cupped 

abaxially, midrib visible on both surfaces, light yellow-green to dark green, glossy; 

STROBILI abruptly differentiated, terete, < 2mm in diameter, repeatedly forked 

basally, seldom forked distally; SPOROPHYLLOTAXY subopposite decussate in 2 

alternating whorls of 2 or 3; SPOROPHYLLS adpressed, ovate with short blunt or 

acute apex, not carinate, 1.5 – 2 x 1.5 mm; SPORANGIA reniform, in axils of 

sporophylls, not fully covered, light yellow and 1 - 1.5 mm diameter; Common-coarse 

tassel-fern. 

Distribution:  Phlegmariurus cf. phlegmaria 'coarse' is found in Malesia, Melanesia 

and Australia. In Australia this is the most widely distributed tassel-fern occurring 

from Captain Billy Scrub, Cape York to Woodcutter Bay, Proserpine. Most collections 

have originated from low altitude at Iron Range, McIlwraith Range and the Wet 

Tropics. 

Habitat: Phlegmariurus cf. phlegmaria 'coarse' lives as a canopy or sub-canopy 

epiphyte or as a lithophyte in wet or seasonal hot tropical vine forests, mangrove 

forests and palm swamps in north Queensland. This species can be found growing on 

the bark of trunks and primary and secondary branches of a wide variety of host trees 

including palms such as Archontophoenix alexandrae and Licuala ramsayi and 

occasionally from nest-epiphytes. The species is predominantly found at low altitude 

below approximately 400 m above sea level. It is less abundant at higher altitude. The 
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population in the southern Wet Tropics was severely affected by tropical Cyclone 

Larry in March 2006. 

Discussion: Phlegmariurus cf. phlegmaria 'coarse' resembles the lectotype illustration 

of P. phlegmaria (L.) T. Sen & U. Sen in having lanceolate lycophylls and 

longitudinal stem ridges. It differs in having more densely spaced, less reflexed 

lycophylls, a higher number of lycophylls per subwhorl and broader oblique-

asymmetric lycophyll bases. The poor reproduction of the lectotype illustration has 

precluded a detailed morphometric comparison of lycophyll and sporophyll characters 

and the lack of fresh material from the type locality has precluded a molecular 

assessment. 

P. cf. phlegmaria 'coarse' has thicker, paler and more deeply grooved stems than the P. 

ledermannii and P. longibracteatus and sparser longer lycophylls. It has multifarious 

petiolate lycophylls which distinguish it from P. phlegmarioides which has 

orthostichous sessile four planar lycophylls.  

Conservation status: The ‘coarse’ tassel-fern is the most abundant and widely 

distributed tassel-fern in Queensland. It is listed as Rare under H. phlegmaria in the 

Queensland NCA and the Australian EPBCA. 

Etymology: Commonly referred to as the ‘coarse tassel-fern’ in the fern trade 

owing to its large, broad and widely spaced lycophylls 

Specimens examined: AUSTRALIA, QUEENSLAND, COOK:  Puftaloon Ridge 

Iron Range 20Oct2008 A.R. Field, W.-H. Lim & B. Gray ARF3181 (BRI);  Peach 

Creek McIlwraith Range 21Sept2005 A.R. Field & H.R. Field ARF971;  Emmagen 

Creek Cape Tribulation 20Jun2004 A.R. Field A.R. & H.R. Field s.n.;  Oliver Creek 

Cape Tribulation 10Apr2004 A.R. Field & H.R. Field ARF642  (BRI); near Alexandra 

Falls Cooper Creek Daintree 13Apri2004 A.R. Field & H.R. Field ARF647; Alexandra 

Range Daintree 08Jun2006 A.R. Field, A. Whincup & J.A.M. Holtum ARF1007 (BRI);  

Rex Creek Mossman 22May2004 A.R. Field I. Toh and R. Lloyd ARF720 (BRI); 

Mossman River Mossman 12Jun2004 A.R. Field H.R. Field & R.J.A. Field ARF741 

(BRI);  Tchupala Falls Wooranooran NP 13Apr2006 A.R. Field & H.R. Field 

ARF2324 (BRI);  Koombaloomba Dam Road 30Apr2005 A.R. Field & H.R. Field 

ARF899;  Kirrama Range Road 18Apr2007 A.R. Field A.R. & A. McMahon ARF162 
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(BRI).
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Figure 4.10 Phlegmariurus cf. phlegmaria 'coarse; (a) scan of base shoot and 
pendulous shoot apex of ARF0720; (b) distribution of collections 
examined from Australia. 

(a) 

(b) 

50 mm 
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7.  Phlegmariurus phlegmarioides (Gaudich.) A.R. Field comb. nov. 

Basionym:  Lycopodium phlegmarioides Gaudich., Voy. Uranie 1:281, t. 23. 

(1828);   Type: Rawak, Moluccas, C.-B. Gaudichaud s.n. (holo: P!, iso: 

K!);   Basionym of: Huperzia phlegmarioides (Gaudich.) Rothm. Feddes  

  Repert. 54:63 (1944); Urostachys phlegmarioides (Gaudich.) Herter ex 

  Nessel, Bärlappgewächse 247 (1939). 

Synonyms: Urostachys kandavuensis Nessel, Repert. Spec. Nov. Regni Veg. 39: 

67,   t. 192a (1935); Huperzia kandavuensis (Nessel) Holub, Folia Geobot. 

  Phytotax. 20(1): 74 (1985); Type: Kandavu, Fiji A.C. Smith 142 (holo- 

  NY!). 

Lycopodium pseudophlegmaria Kuhn, Forschungsr. Gazelle 4: 16 

(1889); Urostachys pseudophlegmaria (Kuhn) Herter ex Nessel, 

Bärlappgewächse 237 (1939); Huperzia pseudophlegmaria (Kuhn) 

Holub, Folia Geobot. Phytotax. 20: 76 (1985); Type: Naumann, Fiji 

Islands (holo - unknown).  

Lycopodium tetrapterygium F.M.Bailey, Proc. Roy. Soc. Queensland 

1:150 (1885); Urostachys tetrapterygius (F.M.Bailey) Herter, Index 

Lyc. 86 (1949); Type: Daintree River, Australia Fitzalan s.n. (syn: 

BRI!) and Johnstone River, Australia Kefford s.n. (syn: BRI!). 

Description:  PLANTS epiphytic or rarely epilithic in rainforest; SHOOTS tufted, 

erect when short, arching and becoming pendent when long; terete or weakly 

quadrangular, isotomous branching 1-8 times, often fanning widely, to 120 cm long, 

distinctly heterophyllous; STEMS firm fleshy, becoming woody basally, pale green 

with a brown blush or becoming dark reddish-brown basally, up to 8 mm in diameter, 

bearing 4, 6 or 8 longitudinal interstichal grooves; LYCOPHYLLOTAXY orthostichous 

in 6 or 8 rows basally (2 alternating whorls of 3 or 4) and in 4 rows distally (2 

alternating whorls of 2); LYCOPHYLLS firm, sessile, acutely spreading in a plane like 

the head of an axe, asymmetrically ovate with an acute apex, up to 20 x 8 mm, more 

commonly 15 x 5 mm, flat, midrib weakly visible on both surfaces, mid to dark 

glossy-green; STROBILI abruptly differentiated, quadrangular, 2-3 mm in diameter, 0-

5 times forked; SPOROPHYLLOTAXY orthostichous in 4 rows (subopposite 

decussate); SPOROPHYLLS adpressed, triangular with and attenuate or acute apex, 
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slightly carinate towards the apex, 2-3 x 1-2 mm appearing imbricate; SPORANGIA 

reniform, in axils of sporophylls, light yellow and ~1-2 mm in diameter, Layered 

tassel-fern. 

Distribution: Phlegmariurus phlegmarioides occurs throughout Melanesia and in the 

north-eastern wet tropical fringe of Australia.  In Australia, this species occurs in 

Queensland in the Wet Tropics region where it is found in rainforest in lowland areas 

between the Murray River and Endeavour River, and in the Cape York region where it 

has been collected from Iron Range and McIlwraith Range. 

Habitat:  Phlegmariurus phlegmarioides is a canopy epiphyte of large trees in warm 

humid lowland rainforest. It becomes less common with increasing altitude and 

latitude.  This species grows from bark on the trunk, primary and secondary branches 

of mature trees. It is not host-tree specific but is more frequently found on trees with 

rough bark or where humus has collected. This species can also be found growing 

from the humus produced by Asplenium nidus epiphytes and from the fibre produced 

by Licuala ramsayi. Small plants are also occasionally found growing as lithophytes 

but large lithophytic plants are rare. In Australia this species commonly grows in 

sympatry with other lowland Huperzia. 

Discussion: Phlegmariurus phlegmarioides is a species in the phlegmarioid clade 

within the Palaeotropical ‘Phlegmariurus’ clade. It is sister to P. brassii from eastern 

Papua New Guinea. 

The taxonomy and nomenclature of P. phlegmarioides is uncomplicated because this 

species is distinct and was described from a specimen clearly designated as the type. 

Lycopodium tetrapterygium F.M. Bailey is a synonym for typical H. phlegmarioides 

from Australia (Øllgaard 1989) and U. kandavuensis Nessel. is sometimes applied to 

an end of range variant or separate species from Fiji that exhibits more rounded 

lycophyll apices. 

Conservation status: Phlegmariurus phlegmarioides is listed in the Queensland NCA 

and the Australian EPBC as Vulnerable. 

Etymology: The epithet phlegmarioides refers to the similarity of this species to P. 

phlegmaria. 
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Specimens examined: QUEENSLAND, COOK:  Leo Creek Road McIlwraith Range 

20Sep2005 A.R. Field, H.R. Field, K. Nunn & Y. Nunn ARF968 (BRI); McIlwraith 

Range 12Aug2003 D.L. Jones & B. Gray 18966 (CNS);  Thompson Creek Cape 

Tribulation 9Jun2006 A.R. Field & A. Whincup ARF1012 (BRI);  near Oliver Creek 

Cape Tribulation 10Apr2004 A.R. Field & H.R. Field ARF643;  Noah Creek Cape 

Tribulation 14Apr2004 A.R. Field & H.R. Field ARF648;  McLeans Creek Alexandra 

Range 10Apr2004 A.R. Field & H.R. Field ARF643 (BRI);  Mossman Gorge 

01Dec1997 P.I. Forster PIF21962A (BRI);  2 km ENE of Babinda Swamp 

30Jun2003, P.D. Bostock & R.L. Jago 1444 (BRI); Babinda Boulders 12Jun2005 A. R. 

Field & H. R. Field ARF911;  Eubenangee Swamp 19Aug2003 A.R. Field & H.R. 

Field ARF617 (BRI);  near Tchupala Falls Johnstone River Valley 13Apr2006 A.R. 

Field & H.R. Field ARF2320, ARF2322, ARF2325 (BRI); NORTH KENNEDY:  

Davidson Creek King Ranch 16Jan2004 A.R. Field, H.R. Field, A. Murray & C. 

Murray ARF112 (BRI);  near Murray River, Euramo 13Aug2003 A. Ford AF4124 

(BRI, CNS). 
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Figure 4.11 Phlegmariurus phlegmarioides (a) isotype specimen in K (arrow); (b) 
habit of plant growing on a Licuala ramsayi at Noah Creek, Daintree 
Queensland; (c) distribution of collections examined from Australia. 

(a) (b) 

(c) 

<60 mm> 
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8.  Phlegmariurus squarrosa (G.Forst.) Á. Löve & D. Löve, Taxon 26: 324 (1977). 

Basionym: Lycopodium squarrosum G. Forst. Fl. Ins. Austr. 479 (1786); Type: 

  Otahaiti, J & G. Forster s.n. (syn: BM! and P!);  

  Basionym of: Urostachys squarrosus (G. Forst.) Herter; Bot. Arch. 3: 

14   (1923); Huperzia squarrosa (G.Forst.) Trevis.; Atti Soc. Ital. Sci.  Nat. 

  17: 247 (1874); Huperzia squarrosa (G. Forst.) Rothm., Repert. Spec. 

  Nov. Regn. Veg. 54: 62 (1944). 

Synonyms: Lycopodium forsteri Poiret, Encycl. suppl. 3: 545 (1814), nom. superfl. 

Lycopodium epiceifolium Desv. ex Poiret, Encycl. suppl. 3: 559 (1814); 

Huperzia epiceifolia (Desv. ex Poiret) Trevisan, Atti Soc. Ital. Sci. Nat. 

17: 248 (1874); Type: Insula Mauritii (holo: P !). 

Lycopodium hippuris Desv. ex Poiret, Encycl. suppl. 3: 559 (1813 

[1814]); Urostachys hippuris (Desv. ex Poiret) Herter, Index Lyc. 65 

(1949); Huperzia hippuris (Desv. ex Poiret) Trevis., Atti Soc. Ital. Sci. 

Nat. 17: 248 (1874); Type: Java (holo: P n.v.) 

Lycopodium blumeanum Vriese, Tijdschr. Natuurl. Gesch. Physiol. 3: 

338 (1844); Type: Java, Blume s.n. (?syn: L!). 

Urostachys madagascariensis (Nessel) Herter, Index Lyc. 68 (1949); 

Type: Madagascar, Perrier 8276 (holo: P not located). 

Lycopodium pseudo-squarrosum Pampan., Bull. R. Soc. Tosc. Orticult. 

111, 13: 99, t. 2 (1908); Type: probabiliter insulae Java, vel in insulis 

australibus Pampinini (iso: P n.v.). 

Description: PLANTS epiphytic or lithophytic in rainforest; SHOOTS tufted, terete, at 

first erect, arching and becoming pendent, or with upright sterile zone and pendent 

strobili, isotomous, dividing 1-5 times, to 100 cm long, up to 35 mm diameter 

(Australia) or 50 mm diameter (overseas), homophyllous or gradually heterophyllous; 

STEMS terete, up to 9 mm diameter in Australia, larger overseas, bearing distinct 

interstichal grooves throughout, pale green throughout darkening to yellowish-brown 

or reddish-brown basally; LYCOPHYLLOTAXY multifarious, arising from up to 18 

rows (2 alternating whorls of 9), LYCOPHYLLS soft to firm, spreading obtusely, 

almost at right angles, linear or subulate to narrowly lanceolate with attenuate apices, 

reflexed basally, ascending apically, straight or apically twisted, up to 18 mm long by 

2 mm wide  in Australia, larger overseas, midrib indistinct on both surfaces, glossy, 



168 

light yellowish green; STROBILI undifferentiated or gradually differentiated, terete, 

dividing 0-3 times, 10-18 mm in diameter; SPOROPHYLLOTAXY as for 

lycophyllotaxy; SPOROPHYLLS narrow triangular with attenuate apices, 5-12 mm 

long, 3 mm wide at base, spreading acutely to obtusely, midrib indistinct on both 

surfaces; SPORANGIA reniform up to 1.5 mm diameter, less than 1/5th length of 

sporophyll. Water tassel-fern or Rock tassel-fern. 

Distribution: Phlegmariurus squarrosus s.l. is widespread throughout the 

Palaeotropics. In the broadest sense (used here see discussion below) it ranges from 

Madagascar to Polynesia and from Asia to Australia. In a more restricted sense it 

could be interpreted as found in Polynesia, Australia and Malesia and being replaced 

by different taxa northward and westward of this region. In Australia, H. squarrosa is 

restricted to a small population in the area surrounding the Bellenden Ker Range, 

Mossman Range and Alexandra Range in the Wet Tropics bioregion. 

Habitat: In Australia P. squarrosus grows epiphytically or epilithically in wet tropical 

rainforest in areas exposed to bright light. Vintage herbarium specimens indicate that 

this species was found growing on rocks, but most contemporary observations and 

collections are from trees in the open zone immediately adjacent the river. Large 

specimens were found growing on cliff faces adjacent waterfalls in inaccessible areas. 

Discussion: Phlegmariurus squarrosus s.l. is a complex of species that requires 

further systmatic investigation. All of the members examined belonged to the 

squarrosoid clade of the Palaeotropical Phlegmariurus, but chloroplast DNA sequence 

variation within this group was low even though they exhibited high morphological 

variability (Chapter 3). Phlegmariurus squarrosus is retained as broadly 

circumscribed here sensu Chinnock (1998) and Hassler & Swale (2003) but requires 

further investigation at a morphometric and molecular level. The Australian 

population closely resembles the specimens in the syntype series. 

Phlegmariurus squarrosus was named by Georg Forster from a plant collected in 

Tahiti by Georg Forster and his father Johann Forster on Captain James Cook’s second 

Pacific voyage. A compound herbarium sheet is present in BM is generally referenced, 

along with a specimen in P, as syntypes. The BM herbarium sheet consists of a 

McGillivray, New Hebrides collection from 1854, a B. Seeman Fiji collection from 
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1860, an undated S.J. Whitmere collection from Samoa and a small fragment 

numbered 318 & 479 with a label indicating it is from the G. Forster Herbarium. It is 

possible that none of these specimens are vouchers of the Forster’s original collection. 

If the purported Forster fragments are authentic, they would be the logical choice for a 

lecotype and isolectotype. Material from the Australian population closely resembles 

this purported type material and I would expect the Australian population to retain the 

name P. squarrosus even if the P. squarrosus complex were segregated into multiple 

species. 

Lycopodium squarrosum has two homonyms, L. squarrosum Lam. non G. Forster 

[nom. inval.] which has been replaced by L. siberiana Spring. and L. squarrosum Sw. 

non G. Forster [nom. inval.] which has been replaced by L. rigidum Sw. Both are 

plants in the Huperzia selago group. 

Conservation status: Phlegmariurus squarrosus is listed in the Queensland NCA and 

the Australian EPBC as Endangered. 

Etymology: The epithet squarrosum refers to the foxtail like shoots of this species. 

Specimens examined: AUSTRALIA, QUEENSLAND, COOK: Mt Pieter Botte 

25Nov1993 L.J. Roberts DLJ12711 (CBG); Alexandra Falls Cooper Creek Daintree 

13Apr2004 A.R. Field & H.R. Field ARF650; Whyanbeel Creek Mossman 10Nov1996 

R.L. Jago 4157 (BRI); Saltwater Creek Mossman Nov1917 F.W. Barnard s.n.; north 

Mossman River Mossman 12Jun2004 A.R. Field H. R. Field and R.J.A. Field ARF748; 

Rex Creek Mossman 22May2004 A.R. Field I. Toh and R. Lloyd ARF714; Water 

intake Mossman 10Oct2002 B. Gray 8330; Root's Creek Mossman 05Feb1935 T. Carr 

338 (BRI, CNS). 



170 

 

 

Figure 4.12 Phlegmariurus squarrosus (a) isosyntype sheet in BM; (b) habit of 
plant growing 5 m from the ground on a Xanthostemon chrystanthys on 
the Mossman River, Daintree, Queensland; (c) distribution of 
collections examined from Australia. 

(c) 

(a) (b) <125 mm> 
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9.  Phlegmariurus tetrastichoides (A.R.Field & Bostock) A.R. Field comb. nov. 

Basionym: Huperzia tetrastichoides A.R.Field & Bostock, Austrobaileya 7(4):711 

(2008); Type: Millaa Millaa Falls, Evelyn Tableland A. R. Field ARF1139 & O. 

Rawlins 14.06.2004 (holo: BRI, see Appendix 4 for original description). 

Description:  PLANTS epiphytic or occasionally epilithic in rainforest;  SHOOTS 

tufted, at first erect, soon becoming pendent, isotomous, dividing 1-6 times, 

heterophyllous, appearing four-sided with microphylls;  STEMS terete, firm fleshy, 

pale green, up to 3 mm in diameter, bearing 4 indistinct interstichal grooves;  

LYCOPHYLLOTAXY orthostichous, subopposite decussate in 2 alternating whorls of 2 

(= 4 rows); LYCOPHYLLS firm, sessile, acutely to obtusely spreading, carinate, 

narrow triangular to lanceolate 12 x 3-4 mm, midrib weakly visible on both surfaces, 

mid green to dark green, darker than stem, not glossy;  STROBILI rapidly but not 

abruptly differentiated from sterile zone, quadrangular throughout, 3-5 mm in 

diameter, forked 0-3 times, reversion to sterile form common, aerial roots occasional;  

SPOROPHYLLOTAXY orthostichous, subopposite decussate in 2 alternating whorls of 

2 (= 4 rows); SPOROPHYLLS firm, sessile, adpressed, carinate, narrow triangular with 

attenuate apices, 4-5 x 3 mm, imbricate and covering sporangia;  SPORANGIA 

reniform, in axils of sporophylls, light yellow and up to 2 mm in diameter; Square 

tassel-fern or Bootlace tassel-fern. 

Distribution:  Phlegmariurus tetrastichoides is endemic to Queensland. It occurs on 

the Eungella, Paluma, Cardwell, Kirrama, Walter Hill, Bellenden Ker, Lamb, 

Yarrabah and Alexandra Ranges and the Evelyn, Atherton, Mt Lewis, Mt Carbine and 

Mt Windsor Tablelands, and Mt Finnegan. 

Habitat: Phlegmariurus tetrastichoides is most commonly canopy or sub canopy 

epiphyte and rarely a lithophyte. It is usually found in high altitude rainforest but its 

altitudinal range does extend to near sea level in a limited number of wet gorges such 

as Mossman Gorge. 

Discussion:  Phlegmariurus tetrastichoides is part of the squarrosoid clade of the 

Palaeotropical Phlegmariurus clade. Phlegmariurus tetrastichoides shares numerous 

cpDNA synapomorphies with P. tetrasticha from Malesia and Melanesia but differs 

from that species by having divergent rather than adpressed imbricate lycophylls 
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Phlegmariurus tetrastichoides was well known as H. prolifera for many years. 

Phlegmariurus prolifera is a distinctly different species from the Malesian region, it 

does not occur in Australia. The new name P. tetrastichoides was described in 2008 

for this endemic Australian taxon. In some parts of its range P. tetrastichoides grows 

in sympatry with P. lockyeri and P. marsupiiformis but can be readily identified from 

both species by having keeled lycophylls and a quadrangular shoot shape throughout. 

Conservation status:  Phlegmariurus tetrastichoides is listed as Vulnerable in the 

Queensland NCA and Australian EPBC. 

Etymology: This species was named for its similarity to P. tetrasticha from Malesia 

and Melanesia. 

Specimens examined: AUSTRALIA, QUEENSLAND, COOK: Mt Finnegan 

26Aug2002 B. Gray 8272 (CNS);  Mossman River 23May2004 A.R. Field I. Toh I. 

and R. Lloyd R. ARF 723 (BRI);  Half Ton Creek Mt Lewis Tableland 07Oct2004 A.R. 

Field & H.R. Field ARF822 & ARF826; Half-ton Creek Mt Lewis Tableland 

04Jul2006 A.R. Field & H.R. Field ARF1013, ARF1014, ARF1018, ARF1020 & 

ARF1024 (BRI); Bell Peak Yarrabah Range 16Jun1996 R.L. Jago 4047 (BRI);  East 

Mulgrave Falls Bellenden Ker Range 26Nov1995 R.L. Jago 3715;  Millaa Millaa 

Falls, Evelyn Tableland 14Jun2004 A.R. Field & O. Rawlins ARF1139 (BRI 

holotype);  NORTH KENNEDY:  Culpa Road Koombaloomba 04Feb2003 B. Gray 

8439 (CNS);  Birthday Creek Paluma Range 19Feb2004 A.R. Field & A. Cairns 

ARF613 (BRI); SOUTH KENNEDY:  Mt David, Eungella Range 08Jan1994 A.B. 

Pollock 127 (BRI);  Eungella Range 18Feb2005 A.R. Field & H.R. Field ARF888 

(BRI);  SFR679 Range LA Crediton, Clark Range 14Jun2001 A. Ford. AF2871 (BRI). 
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Figure 4.13 Phlegmariurus tetrastichoides (a) habit of plant growing 5 m from the 
ground on a Syzygium sp. at Mossman Gorge, Daintree Queensland; (b) 
distribution of collections examined from Australia. 

(b) 

(a) <80 mm> 
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10.  Phlegmariurus varius (R.Br.) A.R. Field comb. nov. 

Basionym: Lycopodium varium R. Br., Prodr. 165 (1810); Type: Table Mountain, 

  Tasmania, R. Brown, Iter Austral. 124 (isolecto BM! and K!);  

Basionym of: Huperzia varia (R.Br.) Trevis. Atti Soc. Ital. Sci. Nat. 

17(3): 247 (1875); Huperzia varia (R.Br.) Rothm. Feddes Repert. Spec. 

Nov. Regni Veg. 54(1) 1944 (nom. superf.). 

Synonyms: Lycopodium varium var. umbrosum R. Br., Prodr. 165 (1810). 

Lycopodium varium var. gracile Kirk, Trans. Proc. New Zealand Inst. 

16:377, t. 29 (1884). 

Lycopodium billardierei Spring, Bull. Acad. Roy. Sci. Belg. 8:516. 

1841; Urostachys billardierei (Spring) Herter ex Nessel, 

Bärlappgewächse 192 (1939); Huperzia billardierei (Spring) Rothm., 

Feddes Repert. Spec. Nov. Regni Veg. 54(1) (1944); Syntypes: Nova 

Hollandia La Billardière  s.n. (syn: P! Jussieu Herbarium); ad portum 

Georgii Regis [King George Sound] Guechenot s.n. (syn: P. n.v.); Nova 

Irlandia La Billardière s.n. (syn: ?FI-Webb n.v., ?P!); Nova Zeelandia, 

Lesson s.n. (syn: P!). 

Lycopodium novae-zelandicum Colenso, Trans. & Proc. New Zealand 

Inst. 19:275 (1887); Huperzia novae-zelandica (Colenso) Holub, Folia 

Geobot. Phytotax. 20:75 (1985); Type: County of Waipapa, New 

Zeland (holo: WELT n.v.). 

Lycopodium flagellaria Bory in Duperry, Voy. monde, Bot. 1: 248 t. 26 

(1829); Type: Novelle Irlande, Durville & Lesson s.n. (syn: ?) and 

Papous, d'Offack s.n. (syn: P n.v.). 

Lycopodium pachystachyum Desv. ex Poir. Encycl. suppl. 3: 544. (1813 

[1814]); Type: Novelle Hollande (holo: P n.v.). 

Description:  PLANTS epilithic, terrestrial in shallow humus or epiphytic (rarely in 

Australia);  SHOOTS tufted, initially erect, strobili or whole branches nodding and 

becoming pendent distally, or wholly pendent in epiphytic plants, isotomous dividing 

up to 5 times, distinctly heterophyllous;  STEMS firm fleshy becoming woody basally, 

pale green with brown blush basally, up to 5 mm in diameter, bearing distinct 

interstichal grooves;  LYCOPHYLLOTAXY multifarious or orthostichous in 2 

alternating whorls of 3 (or up to 4) lycophylls, appearing helical or opposite-decussate 
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distally;  LYCOPHYLLS firm, sessile, obtusely spreading (reflexed basally, ascending 

distally), not carinate, lanceolate with an acute apex, 7-15 mm long by 3-5 mm wide, 

margins slightly thickened, midrib visible on abaxial surface, yellow green, bright mid 

green to dark green, glossy;  STROBILI gradually, rapidly or abruptly differentiated 

from sterile zone, terete in some plants but more commonly quadrangular, up to 10 

mm diameter, 0-3 times forked;  SPOROPHYLLOTAXY orthostichous, most 

commonly subopposite decussate with 2 alternating whorls of 2, sometimes with 2 

alternating whorls of 3;  SPOROPHYLLS firm, sessile, acutely spreading and 

lanceolate (common basally) or adpressed and ovate-triangular (common distally), 

carinate, imbricate, 2-4 mm long, 1.5-3 mm wide;  SPORANGIA reniform in axils of 

sporophylls, mostly covered by sporophyll; Southern tassel-fern. 

Distribution:  This species has a widely disjunct distribution across the South Pacific 

Ocean being found in southern Melanesia, New Zealand and Australia. In Australia 

this species is at its most abundant in southern New South Wales, Victoria and 

Tasmania. In Queensland it is uncommon with populations known from the Eungella 

Range and Border Ranges. No specimens collected north of approximately 21°S have 

been positively identified as being P. varius. Previous northern reports (e.g. Andrews 

1990) may have been misidentified specimens of P. lockyeri or P. tetrastichoide, 

neither of which were named at the time. 

Habitat:  Phlegmariurus varius grows as an epiphyte, a lithophyte (more common in 

Australia) or terrestrially in shallow soils in a variety of habitats ranging from wet 

closed canopy forest to drier exposed rocky hillsides and cliffs without trees. 

Discussion: Phlegmariurus varius has traditionally been considered to include two 

species, H. varia for robust specimens and H. billardierei for delicate pendent, usually 

epiphytic specimens and the differences between them can be considerably. 

Morphological intergrades were common among the Australian and New Zealand 

collections studied, all of which had identical cpDNA sequences for the loci examined 

(Chapter 3). At this stage I consider the two taxa to be synonyms but the relationship 

between robust and slender Australian and New Zealand populations requires further 

study at both a morphometric and molecular level. The syntype series of L. billardierei 

Spring includes specimens from Australia that I consider to be P. varius. One of the 

syntypes was purportedly collected at 'ad portum Georgii Regis' which may be 
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translated as King George sound, Albany where no Phlegmariurus have since 

recorded, or possibly George Sound in New Zealand. 

Following this interpretation, P. varius is the only heterophyllous and pendulous 

species throughout most of its range. In the Eungella district it grows in the same 

region as P. tetrastichoides but occupies different habitat. It can be distinguished from 

P. tetrastichoides by having flat rather than keeled lycophylls. 

A Tasmanian LaBillardière specimen of P. varius in the Willdenow collection of the 

Berlin Herbarium was incorrectly labelled in 1922 as a potential type for Lycopodium 

mirabilis Willd. (see notes under that excluded species below). The name Lycopodium 

myrtifolium G. Forster, Fl. Ins. Austr. 87 (1786) was long used in Australia for P. 

varius but Øllgaard (1989) indicates that myrtifolia belongs to the P. phlegmaria 

complex. 

Conservation status:  Phlegmariurus varius is not listed in the Queensland NCA of 

the Australian EPBCA. This is a rare plant in Queensland and the Queensland 

population has declined, its status there may need to be revised. 

Etymology: Robert Brown assigned the specific epithet from the Latin varius 

referring to the morphological variation in the specimens he examined.  

Specimens examined: AUSTRALIA, QUEENSLAND, SOUTH KENNEDY: Mount 

William summit, Eungella National Park 21Apr1993 P.D. Bostock 1367  (BRI); 

DARLING DOWNS: South Bald Rock near Wallangra 04Nov1971 S.T. Blake 23724; 

South Bald Rock, Girraween National Park 28May1978 P. Grimshaw P. s.n. (BRI); 

South Bald Rock Girraween National Park 14Apr1974 P. Sharpe s.n. (BRI); 

MORETON: Boy-ull Creek Springbrook 26Aug2003 D. Halford Q7911 (BRI); near 

Commera Falls Lamington National Park 15Oct1939 S.T. Blake 14121 (BRI); 

Lamington National Park Sep1941 M. O'Reilly s.n. (BRI); Mt Merino summit 

Lamington National Park  02Feb1995 P.I. Forster PIF16079 (BRI); Double Peak 

Mt Ballow Mt Barney National Park 13Oct2002 D. Halford Q7415 (BRI); Mt Merino 

in McPherson Range 09Sep1988 I.R. Telford v10731 (CBG); NEW SOUTH WALES: 

Mt Ligbird Lord Howe Island 05Mar2002 J. Le Cussan J. 1222 (BRI); Mt Gower 

Lord Howe Island 23Oct1978 I.R. Telford 7096 (CBG); Budawang Range NW of 

Milton 4Jan1975 I.R. Telford 3839 (CBG); VICTORIA: Wilson’s Promontory 
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10Apr1991 C. Le Breton s.n. (BRI); TASMANIA: Mt Field National Park in gully on 

side of Lake Dobson Road 21Dec2006 A.R. Field, H.R. Field, P. Dalton, C. Smith & 

J. Smith ARF1040 (BRI); Lower Gordon River at Limekilns 12Apr1984 J. Davies s.n. 

(BRI); Mt Mangana Bruny Island 23Dec2006 A.R. Field & H.R. Field ARF1042, 

ARF1043, ARF1044 & ARF1045 (BRI).  
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Figure 4.14 Phlegmariurus varius (a) lectotype in Kew; (b) habit of plant growing 
on granite boulders at Mt Mangana, Bruny Island, Tasmania; (c) 
distribution of collections examined from Australia. 

(c) 

(a) (b) <150 mm> 
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Excluded taxa: 

1.  Huperzia australis (Willd.) Holub, Folia Geobot. Phytotax. 20: 75, (1985). 

Basionym: Lycopodium australe Willd., Sp. Pl. 5:11 (1810); Type: B. Willd. # 19341 

(holo: B!). 

Discussion:  Nessell (1939) lists two specimens of H. australis (Willd.) Holub from 

Queensland Richardson, May 1898 (Herb. Webb., n. v.) and v. Mueller s.n. (Herb. 

Beukert, n. v.) that I have not been able to locate. Huperzia australis (Willd.) Holub is 

described to be similar to H. phlegmaria but with more ovate lycophylls and 

originating from the Caroline Islands. Fosberg (1987) determined that B.Willd. 19341 

in the Berlin herbarium was the type. I have not observed any material conspecific 

with this specimen originating from Australia. H. harmsii (Herter ex Nessel) Holub 

and H. subtrifoliata (Brownlie) Holub may be related or conspecific. 

2.  Huperzia mirabilis (Willd.) Holub, Folia Geobot. Phytotax. 20:75, (1985).  

Basionym: Lycopodium mirabile Willd., Sp. Pl. 5: 11. 1810; Type: Dillenius (1741) 
Hist. Musc. (p. 450 tab. 61 fig 5, D & E.!) hic designatus 

Discussion:  Nessell (1939) includes this species in the Australian Flora, he cites two 

Australian specimens: Anderson (s.n.) 1839 from Queensland (no herbarium name 

recorded, n.v.) and W. Hill (s.n.) 1866 from Rockingham Bay (no herbarium name 

recorded, n. v.). I have not been able to locate or examine either specimen and have no 

other record that this taxon is present in Australia. 

Huperzia mirabilis (Willd.) Holub was described for plants similar to H. phlegmaria 

figured in Dillenius (1748) and originating from Vietnam. There is a specimen already 

annotated ‘type’ in the Willdenow Herbarium (!), Berlin. Øllgaard (1989) also lists 

this specimen as a type but I have not been able to find a reference indicating its 

lectotypification and it cannot be an original element. It is a LaBillardiére collection of 

P. varius, possibly one of the types for that taxon, and was probably collected when 

LaBillardiére visited Tasmania or New Zealand with Bruni De EntreCasteux in the 

1790s. It is therefore unlikely it originated from the type locality of Vietnam as 

described by Willdenow. Affixed to this purported type is a label by Herter (July 

1921) noting the discrepancy between the specimen and the taxon locality. I agree 
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with Herter’s view and have chosen one of the original element illustrations as the 

lectotype of H. mirabilis instead of the La Billardiere specimen. 

3.  Huperzia molongensis  (Herter) Holub, Folia Geobot. Phytotax. 20:75, (1985). 

Type: Pearce s.n. June 1884, Molong, Australia (K n. v.). 

Discussion:  Øllgaard (1989) points out that Huperzia molongensis was named with 

an erroneous reference to a type locality of Molong, Australia. It is in fact a South 

American species with an erroneous specific epithet. No Huperzia are known to occur 

near Molong, Australia. It was excluded from the Flora of Australia as Lycopodium 

molongensis (Chinnock 1998). 

4.  Lycopodium pachystachyum Desv. ex Poiret, Encycl. Suppl. 3: 544. 1813 [1814]. 

Type: "Novelle Hollandiae" (P ?). 

Discussion: Øllgaard (1989) indicates “Novelle Hollandiae” in Paris as the type for 

this taxon and places it in the varia group. I have seen images of several "Novelle 

Hollandiae" specimens of adequate vintage but none are presently annotated as the 

type. It is treated here as a synonym of H. varia (R.Br.) Trevis. Huperzia 

pachystachyon (Spring) Rothm. is an unrelated phlegmaria complex species with a 

very similar epithet. 
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Chapter 5 

Why is the blue-tassel-fern so rare?  

Niche specialisation as a cause of rarity in Huperzia dalhousieana 

 
ABOVE: The fertile shoot tips of the Queensland blue-tassel-fern, Huperzia 
dalhousieana, growing on the McIlwraith Range, Cape York. This species is 
considered the rarest and most threatened species of tassel-fern in Australia. 
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Chapter 5: Why is the blue-tassel-fern so rare? Niche specialisation as a cause of 

rarity in Huperzia dalhousieana 

Introduction 

Huperzia dalhousieana, the blue-tassel-fern, is unique Palaeotropical tassel-fern with 

numerous genetic and morphological autapormorphies indicating it is not closely 

related to any other species (Chapter 3). It differs from other tassel-ferns by having 

distinct large and homophyllous glaucous-blue pendulous shoots (Chapter 3). The 

species is ranked as one of the most endangered plants in tropical Queensland 

rainforest (Anon. 1992, 1999). Distinctive and rare it is one of north-east Queensland’s 

most famous plants. Only two populations of H. dalhousieana have been formally 

recorded in Australia, one at Freshwater Creek near Cairns, last recorded 110 years 

ago, and the other near Leo Creek on the McIllwraith Range, last recorded 30 years 

ago. Anecdotal evidence suggests that there were populations between the Daintree 

and Bloomfield rivers and between the Russell and Murray rivers, however, no 

populations have been confirmed for 30 years. The blue-tassel-fern is considered 

threatened by anthropogenic destruction of natural habitat as well as targeted 

collecting of the species from the wild (s266B Environment Protection and 

Biodiversity Conservation Act (Anon. 1999). It has been suggested that, without 

intervention, H. dalhousieana, will be extinct in Australia in the near future (Chinnock 

1998). 

A primary factor that influences the vulnerability of a species to extinction is its 

inherent or natural rarity. In a review of plant rarity, Rabinowitz (1981) described six 

types of natural rarity: (1) species found in several habitats, with small populations, 

scattered over a broad range; (2) species found in specific habitats, with small 

populations, scattered over a broad range; (3) species found in specific habitats, with 

scarce scattered individuals over a broad range; (4) species that are locally abundant 

but have a restricted geographic range; (5) species that are sparse in specific habitats 

over a restricted geographic range; (6) species that are pseudo-rare (rare in one place 

by common in another). Range restriction, which falls within rarity types 4 and 5 was 

the most common reoccurring cause of rarity reported for Australian species (Cropper 

1993, Rabinowitz 1981). Another cause of rarity is habitat peculiarity or niche 
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specialization which falls within rarity types 1, 2, 3 and 5 (Cropper 1993, Prober and 

Austin 1990). 

Population decline is also a primary factor that influences the vulnerability of a species 

to extinction. Four causes of population decline have been commonly identified 

among threatened plants: (1) decline following natural changes in the environment; (2) 

decline following anthropogenic changes in the environment; (3) decline from 

removal of species from the wild; and (4) decline as a response to climate change 

(Arcand and Ranker 2008, Cropper 1993). The second and third causes have been 

suggested for H. dalhousieana (Chinnock 1998, EPA 2001). Anecdotal reports exist 

that each time a new H. dalhousieana plant has been discovered it has been illicitly 

collected, thereby leading to the extermination of populations. Legislation explicitly 

prohibits the collection, keeping or trading of H. dalhousieana but it is clearly not 

effective if plants are still being removed (Anon. 2010). In addition, the habitat of H. 

dalhousieana between the Daintree and Murray Rivers has been subject to significant 

anthropogenic change. Neither illicit collection nor anthropogenic change have been 

quantified and it is unknown if they are affecting the population of H. dalhousieana. 

The potential for natural changes in the environment and for climate change to cause 

decline in the blue-tassel-fern have also not been investigated. Similarly, the type of 

natural rarity exhibited by H. dalhousieana and the potential for different factors to 

cause its decline have never been determined. 

Species that are inherently rare because they are habitat or niche specialists are 

considered more susceptible to decline and extinction than are their more generalist 

counterparts (Munday 2004, Prober and Austin 1990). Herbarium collections for H. 

dalhousieana do not provide sufficient data to authenticate the habitat or niche 

preferences of the species or whether it is more specialist than its relatives. Anecdotal 

reports about the habitat of H. dalhousieana are conflicting. It has been described as 

being exclusive to either riparian rainforest, mixed eucalypt rainforest, palm swamp 

rainforest or mangrove rainforest (Andrews 1990, Bailey 1893, Chinnock 1998, Jones 

and Clemesha 1980). One herbarium collection and several anecdotal reports describe 

H. dalhousieana as an epiphyte that grows from the base of another epiphyte 

Platycerium hillii (Hyland 10129 CNS). Platycerium hillii is a nest-epiphyte, a species 

that produces its own epiphytic humus into which its roots grow (Field 2003). It is 

presently unknown if the blue-tassel-fern is a niche specialist whose presence is 
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dependent upon a P. hillii host or if it just occasionally utilises this epiphyte like other 

tassel-fern species. If H. dalhousieana is a niche specialist this may have an important 

influence on its rarity and susceptibility to decline. 

I investigate the range, relative abundance and stability of the tropical Australian 

tassel-ferns to revaluate the rarity of each species and to determine the type and cause 

of rarity of H. dalhousieana. Specifically, I focus on determining whether H. 

dalhousieana is a habitat or niche specialist and how such a relationship might 

contribute to the rarity and susceptibility to decline of H. dalhousieana. I then make 

recommendations appropriate for the conservation management of H. dalhousieana. 

Methods 

Range, population size and rarity 

The range and habitats to be surveyed were determined from collection data on 

herbarium specimens from the Queensland Herbarium (BRI) the Australian Tropical 

Herbarium (CNS), the James Cook University Herbarium (JCT), the Australian 

National Herbarium (ANH), the Australian National Herbarium (ANBG), the Hobart 

Herbarium (HO) and from interviews with twenty-four tassel-fern collectors. Seven 

broadly-defined search habitats were explored: temperate alpine vegetation (5 

surveys), temperate lowland rainforest (3 surveys), low montane tropical rainforest (33 

surveys), high montane tropical rainforest (17 surveys), lowland rainforest in gorges 

(18 surveys), lowland rainforest on the Wet Tropics flood plain (87 surveys) and 

rainforest on Cape York (12 surveys) (Table 5.1 and Figure 5.1). Each survey was a 

500 m linear transect. Altogether, 175 transects, or 87.5 km, were surveyed between 

January 2004 and November 2006. The linear transects followed a natural watercourse 

(30 transects), roads or tracks (35 transects), or a randomly chosen GPS or compass 

courses (all other transects). The latitude, altitude, distance from the coast, vegetation 

type and survey date were recorded for the origin of each transect. Vegetation types 

were classified physiognomically (Webb and Tracey 1981) and descriptions included 

presence or absence of the nest-epiphytes Asplenium nidus L., Drynaria rigidula (Sw.) 

Bedd., Platycerium bifurcatum (Cav.) Chr., P. hillii T.Moore and P. superbum de 

Jonch. & Hennipman. 
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Table 5.1 Locations of the 175 line transects surveyed for tassel-ferns in 
rainforest of north-east Queensland, south-east Queensland and 
Tasmania.  
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All trees, rocks and all nest-epiphyte species visible from the transect line were 

examined thoroughly using 10 x 25 binoculars. Tassel-ferns were identified and 

counted. Where H. dalhousieana was found, the host tree species, stem diameter at 

breast height, the height of the tassel-fern, branch position, aspect and linear ground 

distance from the transect were recorded. Access to H. dalhousieana was achieved by 

climbing the host tree using a single rope technique. A single herbarium voucher, 

spore and a DNA sample were collected from each population but not from each 

individual. Herbarium vouchers and DNA collections are deposited in the Queensland 

Herbarium (BRI). 

The number of transects searched in each of the search habitats outlined above was not 

even. There was a bias toward searching potential H. dalhousieana habitat. The 

average number of observations of a species per appropriate transect was used as a 

calibrated estimate of rarity to compare the species. Species observed with higher 

average numbers of individuals per transect were considered less rare than species 

with lower average numbers of individuals per transect. Latitudinal range was 

estimated from the straight linear ground distance between the extreme northernmost 

and southern-most individuals recorded in surveys and herbarium records. 

Habitat and host relationship 

The habitat or host preference of H. dalhousieana, H. phlegmaria, H. phlegmarioides 

and sympatric epiphytes was investigated on nine transects adjacent the tributaries of 

Bailey Creek, Hutchinson Creek, Cooper Creek and Noah Creek in the region between 

the Daintree and Bloomfield rivers (Table 5.1). All vascular epiphytes visible from the 

transects were identified and counted. Each individual was categorised depending 

upon its host. A chi-squared test of independence was performed for each species to 

determine if their distribution between categories was independent. Three tests were 

performed for each species. The first included four categories: (1) inhabiting a bare 

branch; (2) inhabiting an Asplenium nidus; (3) inhabiting a Drynaria rigidula or (4) 

inhabiting a Platycerium hillii. The second included two categories: (1) inhabiting a 

bare branch and (2) inhabiting a nest-epiphyte. The third included two categories: (1) 

inhabiting P. hillii and (2) not inhabiting P. hillii. A dependent relationship was 

recorded when the observed frequency of an epiphyte in each category was 
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significantly greater than the expected frequency using a chi-squared test calculation 

tool (Preacher 2001). A positive or negative correlation was determined for each test 

and category by summarising contingency tables. 

Platycerium hillii nest size, nest vigour, nest type, height above ground and branch 

position were determined by surveying these characteristics for all P. hillii visible 

from two of the above transects (Table 5.2). Nest-size category was based on the 

diameter of P. hillii nests measured from the outer extremity of their mantle fronds 

(Table 5.2), nest-vigour category was based upon the proportion of living to dead 

rhizomes in one nest (Table 5.2), and nest type was based upon whether or not the 

base of the nest compost was exposed or covered by fresh mantle fronds (Table 5.2). 

Data were combined to provide expected frequencies of these characteristics in a 

categorical form (Table 5.2). The nest size, nest vigour, nest type, height above ground 

and branch position were observed for the host P. hillii for all H. dalhousieana found 

in all surveys. A chi-squared test of independence was performed to determine if the 

presence or absence of H. dalhousieana was dependent upon the categorised 

characteristics. 
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Table 5.2  Categories for characteristics of the nest-epiphyte Platycerium hillii 
surveyed on nine transects in the Daintree region. Categories were used 
for a chi-squared test of independence to investigate the dependence of 
H. dalhousieana on characteristics of host P. hillii.  

Platycerium colony category Platycerium colony description 
 C1 Plant with solitary with a single rhizome 
 C2 Plant colonial with multiple rhizomes 
Nest size  
 S1  Nest < 0.25 m diameter 
 S2  Nest 0.25-0.75 m diameter 
 S3  Nest 0.75-1.25 m diameter 
 S4  Nest 1.25-1.75 m diameter 
 S5  Nest > 1.75 m diameter 
Number of living rhizomes  
 V1  All rhizomes dead (no fertile fronds) 
 V2  < half rhizomes alive 
 V3  > half rhizomes alive 
 V4  All rhizomes living 
Base of nest  
 X1 Nest base exposed (new mantle fronds absent) 
 X2 Nest base concealed by mantle fronds 
Branch categories  
 B1  Colony growing upon a vertical branch or tree trunk 
 B2  Colony growing upon a sloping branch or tree trunk 
Height above ground  
 H1 < 5 m above ground 
 H2 5-10 m above ground 
 H3 10-15 m above ground 
 H4 15-20 m above ground 
 H5 20-25 m above ground 
 H6 > 25 m above ground 

Recruitment, growth and mortality 

Surveys on nine transects in the region between the Daintree and Bloomfield rivers 

were repeated once annually for 5.5 years from April 2004 to October 2009. The 

number of Huperzia plants per species, the number of branches per plant and the 

length of branches were measured on the first survey. Plant recruitment was measured 

as observations of small plants not recorded previously, within-plant branch 

recruitment was recorded as observations of new branches in Huperzia tufts that had 

not been counted previously and mortality was quantified as whole plants that 

disappeared or were dead on subsequent surveys. Plants of H. dalhousieana were 
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photographed, their branches numbered and measured and branch elongation was 

determined from re-measurement of branches in subsequent surveys. 

Collections of wild genetic material were made pursuant to the conditions of the 

collecting permits WITK07927041 and WISP02106304. One whole plant of each 

species was collected from the wild and established in cultivation (Chapter 2 

‘Materials and Methods’). Whole plant recruitment, within-plant branch recruitment, 

branch elongation and plant mortality were recorded in greenhouse conditions. Three 

strobilate branches were collected from each species of tassel-fern and propagated 

using a tip-layering method (McAuliffe 2001, Wee 1979). Branches were layered 

upon the surface of shredded Platycerium nest material in seedling trays and placed in 

a fernhouse. Trays were watered every second day from October to April and every 

third day from May to September. Successful propagation was measured as the 

percentage of strobilate apices that had produced removable autonomous plantlets 

after four months.  

Spores collected from each tassel-fern species were collected and sown in sterile 

culture following the methods of Whittier (1998) and subjected to light and dark pre-

germination treatments (Whittier 1998). Spores of Platycerium spp. were sown as a 

control. Spores were aseptically sown on the surface of 2 cm of nutrient phytogel set 

in the bottom of clear 100 mm x 100 mm cylindrical plastic flasks with clear screw top 

lids that were vented with a vent spot. They were maintained in a growth cabinet 

incubator with a 27°C day temperature and a 22°C night temperature for two years. 

Flasks were examined weekly and then harvested after two years and reexamined, 

using a low power microscope, for spores, gametophytes and sporophytes. Spores 

were also sown on tassel-fern growing medium from the nursery of David and Iris 

Liddle, Emerald Creek Mareeba, and maintained in the greenhouse conditions for five 

years after which they were harvested and examined for gametophytes and 

sporophytes. 

Results 

Range, population size and rarity 

Six populations of H. dalhousieana were identified based upon herbarium collections, 

non-vouchered collections and photographs. Populations based upon herbarium-
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vouchered collections were reported from the Leo Creek Road on the McIllwraith 

Range and from Freshwater Creek near Cairns (Figure 5.1). Populations based upon 

un-vouchered collections were reported from near Bailey and Cooper Creek in the 

Daintree, from Russell River near Babinda, from Moresby Creek near Innisfail and 

from Davidson Creek near Tully (Figure 5.1). Two other potential localities were 

identified from secondhand anecdotes of sightings. These localities were Mount Tozer 

at Iron Range, the northernmost locality and Conn Creek near Cardwell, the 

southernmost locality.  

The 175 transects surveyed covered a broad area of the Wet Tropics and Cape York 

rainforest bioregions (Figure 5.1) and sampled the altitudinal distribution of rainforest 

in these regions (Figure 5.2). Surviving populations of all known species of Australian 

epiphytic tassel-ferns were found during the surveys. Huperzia aff. phlegmaria 

‘coarse’ was the most commonly encountered taxon, both in the number of individuals 

found, the number of survey transects upon which it was present and the number of 

habitat types in which it was found (see Table 5.3). The most rarely observed species 

were H. carinata and H. dalhousieana with only nine individuals detected for each 

species.  

The estimated abundance of each of the species calibrated by habitat search intensity 

indicates that H. aff. phlegmaria ‘coarse’ is the least rare species and H. dalhousieana 

is the most rare species (Table 5.3). The highest number of individuals of H. 

dalhousieana recorded on any 500 m transect were two individuals growing from the 

same tree but from separate positions within the tree. Based upon the extremely low 

density of H. dalhousienana the Rabinowitz (1981) rarity categories 1, 2, 4 and 6 for 

locally abundant species are rejected for H. dalhousieana. 
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Figure 5.1 Map showing the locations of 175 epiphyte survey transects (red dots) 
undertaken in the Wet Tropics and Cape York bioregion rainforests to 
determine relative rarity of tassel-ferns. Important localities described 
in the text and the two bioregions are labeled. 
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Figure 5.2 Altitudinal distribution of the 175 epiphyte survey transects undertaken 
in rainforest of the Wet Tropics and Cape York bioregions of tropical 
north-east Queensland, Australia. 

Table 5.3 Tassel-fern abundance from one hundred and seventy-five 500 m 
survey transects searched in tropical rainforest in north-east 
Queensland, Australia. Abundance was the average number of 
observations per species per transect.  

Taxon Total counted Transects present Abundance 
H. carinata 9 6 0.75 
H. dalhousieana 9 6 0.09 
H. filiformis 11 6 0.65 
H. lockyeri 11 5 0.65 
H. marsupiiformis 14 9 0.82 
H. aff. phlegmaria (A) 16 7 0.84 
H. aff. phlegmaria (B) 43 11 1.24 
H. aff. phlegmaria (C) 552 94 3.68 
H. phlegmarioides 165 41 1.41 
H. squarrosa 14 4 0.77 
H. tetrastichoides 82 31 1.21 
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Rarer species generally occupied smaller latitudinal and altitudinal ranges than did 

more common species (Figure 5.3). The relatively high abundance (3.68 individuals 

per relevant transect) of the most widely ranging species H. aff. phlegmaria ‘coarse’ 

contributes to the strength of this trend. Huperzia dalhousieana is an exception to the 

trend because it couples extreme rarity (0.091 individuals per relevant transect) with a 

wide latitudinal range. Huperzia dalhousieana was located over a 5 degree latitudinal 

range and a 400 m altitudinal range making it the third most widely ranging species 

surveyed.  

The remaining taxa fall into one of two rarity groups. The first group includes rare 

species with a calibrated rarity between 0.5 and 1 individuals per relevant transect. 

They are species that are range-limited to only one of the regions within Queensland. 

This group includes H. carinata, a species restricted to rainforest mountains of Cape 

York and H. filiformis, H. lockyeri, H. marsupiiformis, H. squarrosa and the gold-tip 

tassel-fern species that are restricted to rainforest mountains of the Wet Tropics  

region. The second group includes species with a calibrated rarity between 1 and 1.5 

individuals per relevant transect. They are species that are present in more than one of 

the regions within Queensland. Only three species fall into the latter group, H. 

phlegmarioides, a lowland warm tropical species that occurs both in Wet Tropics and 

Cape York rainforests, the black-stem tassel-fern, a montane tropical species that 

occurs both on the Wet Tropics ranges and on McIlwraith Range and H. 

tetrastichoides, a montane cool tropical species that occurs both in Wet Tropics and 

the Eungella rainforests. The altitudinal and latitudinal ranges and habitat preference 

of H. dalhousieana most closely matched that of H. phlegmarioides, but the latter 

species was more than twenty times more abundant. 

Huperzia dalhousieana plants were present in seven transects in three widely disjunct 

populations in the Wet Tropics and Cape York regions of north Queensland. No plants 

were located at the historically vouchered population at Freshwater Creek. This region 

has been substantially developed as a residential area and the survival of this 

population is rejected. No plants were located at the Russell River, Moresby Creek or 

Conn Creek localities. A population of H. dalhousieana on the headwaters of creeks in 

the Alexandra Bay to Cow Bay region of the Daintree is reported and vouchered here 

for the first time.  
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Figure 5.3 Latitudinal range and rarity in tassel-fern species from rainforests of 
north-east Queensland. In general, rarer tassel-fern species occupy 
more restricted ranges than do less rare species with the exception of H. 
dalhousieana, which exhibits the most extreme rarity but is the third 
most widely ranging species. 
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Five other rare plants, Asplenium wildii F.M. Bailey, Chingia australis Holttum, 

Crepidomanes aphlebioides (H. Christ.) Bostock, Dendrobium nindii W.Hill and D. 

mirbelianum Gaudich. were all recorded during surveys of the Alexandra Bay to Cow 

Bay population. 

A population of H. dalhousieana on the headwaters of the Davidson River near Tully 

is also vouchered and reported here for the first time. This population inhabits remnant 

fringe rainforest surrounded by farmland. New plants were located in the population 

on the McIllwraith Range, confirming the survival of this historically vouchered 

population. It is in the protected estate of the Kulla National Park. Based on the broad 

range of H. dalhousieana the rarity types 4 and 5 (Rabinowitz 1981), for which a 

narrow range are stipulated, are rejected for this taxon. 

Habitat and host relationship 

Tassel-ferns were detected in a variety of rainforest habitats including mangrove 

rainforest at or near sea-level and a spectrum of simple-complex notophyll-mesophyll 

vine forest, fan palm forest or feather palm forest from sea level to over 1200 m above 

sea level. One H. aff. phlegmaria ‘coarse’ plant was found in tall wet sclerophyll 

forest and H. dalhousieana was the only other taxon observed in forest in which 

sclerophyllous trees were present in the canopy. Most tassel-ferns were found in 

national parks in uncleared primary rainforest or un-cleared but selectively logged 

rainforest. Tassel-ferns were extremely rare on rainforest fringes bordering farmland, 

in fringe riparian rainforest intersecting farmland or on isolated remnant trees in 

farmland, even though epiphyte loads were high on old trees in these habitats. None of 

the tassel-fern taxa were observed to exhibit a specific relationship with a particular 

host tree species. Tree species upon which H. dalhousieana plants were found or 

reported included Backhousia bancroftii, Dysoxylum pettigrewianum, Endiandra 

impressicosta, Excoecaria agallocha, Ficus virens, Heritiera littoralis, Nauclea 

orientalis, Syzygium tierneyanum, and an unidentified Syzygium. Huperzia 

dalhousieana was frequently found in a transition zone between forest types or near a 

gap, usually near water and always in areas where Platycerium hillii and other 

epiphytes were abundant in the canopy. 

All H. dalhousieana plants grew from the humus base of the nest-forming elkhorn fern 

P. hillii (Figure 5.4). Huperzia dalhousieana was unique among all the epiphytes 
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observed in that it exhibited an apparently obligate dependency upon its host species 

(Figure 5.4). The roots of H. dalhousieana invaded the spaces between the laminated 

mantle fronds of the P. hillii and the pendent shoots emerged directly from the base of 

the nest offset from the lowest point and in a portion of the nest where no living 

mantle fronds were present (Figure 5.4). Huperzia dalhousieana plants often inhabited 

a P. hillii nest that was also inhabited by other other epiphytes and Polyrachis ants. In 

contrast, the sympatric species H. phlegmaria and H. phlegmarioides were host-

facultative, inhabiting all three nest-epiphytes as well as bare branches.  

Two other epiphytes out of the 41 species examined in the Daintree exhibited a 

distribution that was associated with P. hillii as a host (Table 5.4). Both the ribbon-

fern Ophioglossum pendulum and the orchid Cymbidium madidum exhibited a 

preference for inhabiting P. hillii nests, but they were also observed to inhabit A. nidus 

and D. rigidula indicating it was not an obligate dependency. Other epiphytes that 

commonly grew from nest-epiphytes included the ferns Davallia solida (G. Forst.) 

Sw., Goniophlebium percussum (Cav.) W.H.Wagner & Grether, Nephrolepis acutida 

(Desv.) H.Christ. and Vittaria elongata Sw. but in all cases they commonly grew from 

other hosts as well. In contrast to the ferns and tassel-ferns, orchids of the genera 

Dendrobium (s.l. Lavarack et al. 2000) and Bulbophyllum (s.l. Lavarack et al. 2000) 

exhibited a strong preference for inhabiting bare branches. 

Platycerium hillii was one of the most abundant epiphytes observed in this study being 

present in 64% of transects. Over 5,500 individuals were counted in the Daintree 

transects alone but only 0.0009 of P. hillii surveyed in this region were inhabited by a 

H. dalhousieana plant. This is because H. dalhousieana was found to occupy only the 

small percentage of P. hillii that shared a particular combination of characteristics. A 

chi-squared test of independence indicated that the presence of H. dalhousieana in a P. 

hillii is dependent upon the P. hillii occupying the mid size, low vigor and exposed 

base categories (Table 5.4). The only H. dalhousieana observed to inhabit a vigorous 

P. hillii was smothered and outcompeted by its host during the study period. Huperzia 

dalhousieana were observed at heights from 7 – 27 m above ground and most 

frequently occupied, but were not dependent upon, sloping branches (Table 5.5).  
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Figure 5.4 Huperzia dalhousieana is a niche specialist with all discovered 
individuals growing specifically from the base of the humus nest of the 
epiphytic fern Platycerium hillii. The above photos show P. hillii and 
H. dalhousieana that are epiphytic on the trees species (a) Excoecaria 
agallocha, (b) Dysoxylon pettigrewianum, (c) Endiandra impressicosta 
and (d) Heritiera littoralis. 

(a) (b) 

(c) (d) 



 

203 

Table 5.4   Dependence of Huperzia, Ophioglossum and Cymbidium presence on 
host species and host characteristic in nine transects in the Daintree. 
The relationships were tested using a chi-squared test of independence. 
A p-value less than 0.025 (***) was considered significant and the null 
hypothesis that the presence of an epiphyte was independent of host 
category was rejected. Positive or negative dependencies were 
determined by summary of contingency tables.  

Species and result χ2 value d.f. p-value 

H. phlegmaria  
presence not dependent upon host type 

4.28 1 0.40 

H. phlegmarioides 
presence not dependent upon host type 

2.76 1 0.10 

Huperzia dalhousieana  
presence dependent on host P. hillii 

96.011 1 <0.01 *** 

H. dalhousieana / nest size Table 5.2 
presence dependent upon S3-S4 P. hillii 

89.134 3 <0.01 *** 

H. dalhousieana / nest vigour Table 5.2 
presence dependent on V1-V3 P. hillii 

1121.826 3 <0.01 *** 

H. dalhousieana / nest exposure Table 5.2 
presence dependent on X2 P. hillii nest 

206.534 1 <0.01 *** 

H. dalhousieana / branch angle Table 5.2 
presence not dependent on branch angle 

0.62 1 0.43 

H. dalhousieana / host height Table 5.2 
presence not dependent on tree height 

8.86 3 0.03 

Ophioglossum pendulum  
presence dependent upon nest-epiphytes 

173.94 1 <0.01 *** 

Cymbidium madidum  
presence dependent upon nest-epiphytes 

23.352 1 <0.01 *** 
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Table 5.5 Characteristics of Platycerium hillii hosts inhabited by Huperzia 
dalhousieana showing the tendency of the host to be mid-sized, to 
exhibit low vigour and to grow upon a non-vertical branch.  

Plant Name Host diameter Host vigour category Host branch angle  

ARF0649 0.75-1.25 m < half rhizomes alive sloping branch 
ARF0767 0.75-1.25 < half rhizomes alive sloping branch 
ARF0768 1.25-1.75 all rhizomes alive upright branch 
ARF0766 1.25-1.75 < half rhizomes alive sloping branch 
ARF0831 0.25-0.75 < half rhizomes alive sloping branch 
ARF0975 0.75-1.25 < half rhizomes alive sloping branch 
ARF0976 0.75-1/25 < half rhizomes alive upright branch 
ARF0134 1.25-1.75 < half rhizomes alive sloping branch 
ARF1224 0.75-1.25 < half rhizomes alive sloping branch 
ARF1225 0.75-1.25 < half rhizomes alive sloping branch 
ARF0110 0.75-1.25 < half rhizomes alive sloping branch 
ARF0677 1.25-1.75 < half rhizomes alive sloping branch 
ARF2610 0.75-1.25 < half rhizomes alive sloping branch 
ARF1066 0.75-1.25 < half rhizomes alive upright branch 
ARF1055 0.75-1.25 < half rhizomes alive sloping branch 
ARF2611 0.75-1.25 < half rhizomes alive sloping branch 

Only 12.1% of all the P. hillii observed in the Daintree transects occupied the size, 

vigor and nest base categories preferred by H. dalhousieana. Therefore the area of the 

canopy available for colonisation by the rare H. dalhousieana is greatly reduced 

compared to area available the more common generalist tassel-fern species. 

Based upon the specific habitat requirements exhibited by H. dalhousieana the rarity 

type 1 (Rabinowitz 1983), which stipulates a ‘range of habitats’ is rejected. The only 

rarity type not rejected is rarity type 3, species found in specific habitats with scarce 

scattered individuals over a broad range. Compared with other sympatric epiphytes, H. 

dalhousieana exhibits the most specific habitat requirements by being a niche 

specialist on P. hillii and it also occupies a wide range. 
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Recruitment, growth-rates and mortality 

No recruitment of H. dalhousieana was observed during the study period but 

recruitment was recorded at least once for all of the other tassel-fern species. Sexual 

and asexual recruitment was observed for the two sympatric species H. phlegmaria 

and H. phlegmarioides in the Daintree region transects and for H. carinata in the 

McIllwraith Range region transects within which H. dalhousieana were found. Both 

sexual and vegetative recruitment was observed for H. lockyeri, H. marsupiiformis, H. 

phlegmaria, H. phlegmarioides, H. squarrosa and H. tetrastichoides in the Mossman 

Gorge and Mount Lewis transects. All of the H. dalhousieana plants increased in size 

during the survey period and the mean annual shoot elongation estimated from 12 

branches of five individuals was 12.4 cm with a standard deviation of 6.9 cm (Figure 

5.5). This low mean growth rate is typical of Huperzia but was lower than the more 

common sympatric species observed on the same transects.  

Although H. dalhousieana had the lowest mean growth rate out of the three sympatric 

species, one H. dalhousieana also exhibited the highest annual growth rate of 40 cm. 

The longest H. dalhousieana branch measured was 128 cm long, which was longer 

than observed for any other tassel-fern species in its natural habitat. In general, H. 

dalhousieana produced only one or two new shoots at the base of older branches in the 

five-year study period and branch tufts contained few branches compared with other 

species. Shoot recruitment within H. dalhousieana plants was lower than for other 

sympatric Huperzia and lower than most Australian Huperzia in cultivation (Table 

5.6). Based on the observed low annual growth rates and recruitment it is estimated 

that the largest plant had branches between three and ten years old. The adventitious 

nature of a tassel-fern tuft made total age estimates of plants unfeasible. Natural 

senescence of the oldest branches was observed in all plants. Shoots began yellowing 

from the apex of lycophylls in the oldest part of branches and then yellowing 

progressed throughout the shoot from the oldest portion at the base of the shoot to the 

youngest portion at the apex. Semi-desiccated branches of H. dalhousieana were 

observed to survive for several years. 
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Figure 5.5 Annual shoot elongation rates of H. dalhousieana (n=9), H. phlegmaria 
(n=16) and H. phlegmarioides (n=21) growing in sympatry along 
transects in the Daintree Queensland Australia. Boxes represent 
quartiles and whiskers represent ranges. 
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Table 5.6 Mean annual recruitment, branch elongation and branch recruitment 
rates of nine Australian tropical epiphytic Huperzia in cultivation. 
Plants were grown under 80% shadecloth in 150 mm black plastic pots 
in a coarse free draining organic medium for five years. Shoot 
recruitment and elongation was measured annually. Huperzia 
dalhousieana were grown for two years under the same conditions but 
maintained in their natural host.  

Species vegetative 
propagation (% 
apices rooted) 

mean annual 
shoot 

recruitment 

mean annual 
shoot elongation 

(mm) 

N 

H. carinata 100 2.3 153 10 
H. dalhousieana 0 1.25  155 2  
H. dalhousieana * 0 0.3 124 5 
H. filiformis 84.4 0.3 26 10 
H. lockyeri 87.5 3 141 10 
H. marsupiiformis 68.8 2.5 42 10 
H. phlegmaria 93 2.02 202 10 
H. phlegmarioides 100 2.5 165 10 
H. squarrosa 68.8 0.6 110 10 
H. tetrastichoides 90.6 2.4 138 10 

* values for five plants growing in situ for comparison with growth 

rates obtained under cultivated conditions. 

A high mortality rate was observed, with eight of the nine original H. dalhousieana 

detected dying during the study period. The ninth plant survived because it was 

transferred into cultivation when its host died. One whole plant was poached from the 

wild in 2005 (ARF766) and part of a colonial plant was poached from the wild in 2004 

(ARF677). Seven plants died from events associated with desiccation or drought. 

Three different causes of desiccation were observed; three H. dalhousieana desiccated 

from exposure as well as seasonal drought following tropical cyclones in 2006 

(ARF110, ARF975 & ARF976), one plant desiccated from exposure and seasonal 

drought following anthropogenic tree removal in 2007 (the remainder of colony 

ARF677) and three plants desiccated as a result of seasonal drought in 2007. 

The three plants that died as a result of seasonal drought were also affected by 

competition with other epiphytes, specifically the invasion of their host P. hillii nest 
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by the epiphytes Drynaria rigidula (ARF649, ARF768 & ARF831) and Nephrolepis 

acutifolia. Huperzia dalhousieana ARF767 inhabited a P. hillii that was invaded by 

the fast-growing fern Nephrolepis acutifolia. During the study the N. acutifolia 

increased rapidly in size and overwhelmed the P. hillii and H. dalhousieana. The 

remaining living material of ARF767 was transferred to cultivation and was the only 

one of the original plants to survive drought during the study period. 

None of the layered shoot apices of H. dalhousieana reproduced asexually in vivo 

whereas all branches of other Australian species were propagated asexually and 

exhibited a within-branch strike rate ranging from 68.8-100% of strobilus apices 

(Table 5.6). No spore germination was observed in vitro for any Huperzia species 

even though rapid Platycerium germination was observed in all of the control flasks. 

The only Huperzia species that reproduced sexually in vivo was H. squarrosa even 

though germination of all control species (Platycerium spp., Psilotum nudum, P. 

complanatum and Ophioglossum pendulum) was achieved on fern growing medium 

from Liddle’s nursery. The H. squarrosa sporophytes emerged from the growing 

medium four years after spores were sown. Significant contamination by other 

epiphytes had occurred by the time the H. squarrosa sporophytes emerged from the 

growing medium. 

Both divisions from the same H. dalhousieana plant that were collected with the root-

system intact in their host and planted into another P. hillii survived transplantation 

(Figure 5.6). In contrast both divisions from the same plant that were transplanted into 

potted culture without a host died rapidly within six weeks of separation from the host. 

Shoot vigour was lowest and shoot mortality highest when plants were grown under 

80% shade and watered every second day in conditions used successfully to grow 

other tassel-ferns in cultivation. Under these conditions the P. hillii nest remained 

permanently saturated and became infested with fungus gnats (Bradysia spp.) and it is 

suspected that the root system of the H. dalhousieana sustained damage from these 

pests.  



 

209 

 

Figure 5.6 Growth of a Huperzia dalhousieana propagated from a whole small 
shoot division transplanted into a new host Platycerium hillii and 
maintained in cultivation. The first photograph showing the shoot 
approximately 10 cm long and the last photograph approximately 62 
cm long were taken two years apart.  

  



210 

Shoot growth rate of H. dalhousieana was highest and shoot mortality lowest when 

the plants were cultivated under 70% shade with additional artificial lighting, with 

high humidity maintained artificially, and with the host P. hillii only re-saturated 

approximately once per week when the nest material was still moist but no longer 

saturated. No significant difference was observed between the vigour of shoots of H. 

phlegmaria and H. phlegmarioides grown under these two treatments but H. 

tetrastichoides showed reduced vigour under the higher light and reduced watering 

treatment.  

New base shoots of H. dalhousieana appeared at the base of older stems during the 

wet season when relative humidity and temperature were highest (Figure 5.6). When 

relative humidity was low and host water content was low the lycophylls of H. 

dalhousieana rolled adaxially. The lycophyll apices bleached following longer periods 

of desiccation. 

Discussion 

Tassel-fern rarity rankings 

This study provides the first quantitative evaluation of rarity for Australian tassel-

ferns. The outcomes of rarity ranking (Table 5.2) provide support for six out of the 

nine species rankings in the EPBCA (Anon. 1999). Huperzia aff. phlegmaria ‘coarse’ 

was the least rare species in this study and has the lowest conservation significance in 

the EPBCA (Anon. 1999) where it is ranked as H. phlegmaria. Huperzia 

phlegmarioides and H. tetrastichoides exhibited similar rarity in this study and are 

both ranked together as vulnerable in the EPBCA (Anon. 1999). The previously 

unrecognised species H. aff. phlegmaria ‘black-stem’ (Chapter 3) exhibited a similar 

rarity to the vulnerable species and should be considered ranked with them. Huperzia 

carinata, H. filiformis and H. squarrosa exhibited similar rarity in this study and are 

ranked together as endangered in the EPBCA (Anon. 1999). The previously 

unrecognised species H. aff. phlegmaria ‘gold-tip’ (Chapter 3) exhibited similar rarity 

to the endangered taxa and should be considered ranked with them. 

The rarity of H. lockyeri and H. marsupiiformis is considered more extreme in this 

study than it is in the EPBCA (Anon. 1999). Huperzia lockyeri and H. marsupiiformis 

are endemic, have  limited ranges and are sufficiently scarce within their range for 
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them to be considered comparable with the other endangered taxa. These two species 

appear more common than they are because they are artificially over represented in 

herbarium collections. Huperzia marsupiiformis is highly represented in herbaria 

because it was intensely collected from one locality on Mary Creek near Mount Lewis 

during the period when it was a novelty. Huperzia lockyeri has been rarely collected 

from any locality and many of the records on which the present ranking was based are 

actually misidentification of the more common but very similar H. tetrastichoides 

(Field and Bostock 2008).  

Huperzia dalhousieana was the rarest of the Australian species. This species exhibits a 

different form of rarity to the other species being extremely scarce over a very broad 

range. It is likely that its scarcity is a product of the rare and very specialised 

microhabitat it inhabits. No higher rarity ranking exists in the EPBCA (Anon. 1999) 

therefore maintenance of its rank as endangered is recommended. 

Host relationship and rarity in the blue-tassel-fern 

Huperzia dalhousieana is the first Australian epiphyte reported to exhibit an obligate 

dependency upon another epiphyte. Huperzia dalhousieana grows in a niche-

dependent relationship from the base of the arboreal humus nest produced by the 

mantle fronds of the epiphytic fern Platycerium hillii. Previous studies show that 

Platycerium and other nest-epiphytes are able to cache water and nutrients in their 

nests so that they are available later, thereby giving them an important advantage in 

times of drought (Field 2003, Holtum and Winter 1999, Kludge et al. 1989). The 

colonisation of P. hillii nests by H. dalhousieana would convey the same advantages 

of root insulation and access to the cache of water and nutrients captured by the P. 

hillii without the need for investment in creating a nest of its own. There are many 

plants, invertebrates and vertebrates both in Australia and overseas that are reported to 

inhabit Platycerium and other nest-epiphytes but few have been reported to exhibit 

obligate specialisation (Edwards et al. 2001, Field 2003, Hennipman and Roos 1982, 

Maruyama 2010). The only other example where a rare plant has previously been 

reported to host specialise on Platycerium is for the rare Madagascan orchid 

Cymbidiella rhodochila Rolfe which grows exclusively from Platycerium 

madagascariense (Hennipman and Roos 1982). Relatively little is known about the 

evolutionary implications of obligate specialisation of an epiphyte on Platycerium, but 
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in other organisms host specialisation is considered the result of adaptive pressures 

that result in the recruitment of characteristics that better enable an organism to fully 

utilise resources provided by the host (Douglas 1998). In the case of H. dalhousieana, 

the lax pendent habit with shoots that emerge pointing downwards allows the plant to 

grow directly from the base of the P. hillii nest and contrasts with characters of other 

tassel-ferns whose new shoots emerge pointing upwards and would point into and not 

out of the nest. In addition, the glaucous shoots of H. dalhousieana allow it to grow in 

the higher light environments where P. hillii grows rather than the lower more shaded 

strata occupied by other tassel-ferns. 

Niche specialisation of H. dalhousieana upon P. hillii nests may also be expected to 

convey a significant evolutionary disadvantage because the area available for 

colonisation is restricted compared with facultative non-specific epiphytes (Figure 

5.7). Niche specialisation may be a significant cause of rarity for H. dalhousieana in 

that it limits the population size to a small number of very specialised sites. Huperzia 

dalhousieana not only exhibits a distributional dependency upon P. hillii, but also a 

preference for P. hillii of a particular stage of their life cycle. This trait further reduces 

the already-limited canopy area available for colonisation by H. dalhousieana because 

it excludes the majority of P. hillii nests in the population (Figure 5.7 & 5.8). It is 

proposed that P. hillii hosts that are growing slowly offer the longest period of 

availability for colonisation and establishment of H. dalhousieana. Slow-growing P. 

hillii hosts would occupy the appropriate size range for longer (Figure 5.8 ii) and 

would be less able to smother the H. dalhousieana with mantle fronds and would be 

less likely to outcompete their inhabitant for water and nutrients. In contrast, a rapidly 

growing P. hillii offers only a short period in the appropriate size range (Figure 5.8 i) 

and would be a stronger competitor, rapidly replacing insulating mantle fronds and 

using water and nutrients, thereby outcompeting its inhabitant. Insufficient plants of 

H. dalhousieana were located to further test the physiological interaction between it 

and its host P. hillii experimentally. Future studies could test hypotheses on the 

competitive abilities and the differences in water and nutrient availability between fast 

and slow growing P. hillii without the need for an inhabitant H. dalhousieana. 
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Figure 5.7 A representation of 20 x 20 m rainforest plot surveyed at McLeans 
Creek, Daintree shading the area of habitat available to different types 
of epiphytes. (a) shows the area available to all epiphytic algae, lichen, 
moss and vascular plants (trunk, all branches and leaves and all nest-
epiphytes); (b) shows the area available to all vascular epiphytes (trunk, 
all branches and all nest-epiphytes); (c) shows the area available to 
Huperzia (trunk, large branches and all nest epiphytes) and (d) shows 
the limited area available to an epiphyte host dependent on Platycerium 
hillii. 

(a) (b) 

(c) (d) 
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Figure 5.8 Platycerium hillii growth rate and its predicted affect on the period of 
availability for colonisation by the blue-tassel-fern H. dalhousieana. 
The period of exposure to spore colonisation (a) and H. dalhousieana 
establishment (b) is shorter for fast growing hosts (i) than for slow 
growing hosts (ii). 
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Only one other species, Ophioglossum pendulum, exhibited similar niche utilisation to 

that of in H. dalhousieana but it differed from the blue-tassel-fern in that it is not an 

obligate specialist and is much more abundant. A previous study on the drought 

response of host P. hillii and occupant O. pendulum concluded that O. pendulum was 

more water-use efficient than its host P. hillii (Field 2003). When the host P. hillii was 

subject to drought the inhabitant O. pendulum was able to reduce its effect on the host 

by reducing water loss to a minimum by closing its stomata and refixing respiratory 

CO2 (Field 2003). This survival response would enable O. pendulum to persist when 

its host’s nest is nearly or completely desiccated. One would predict that broader 

climatic tolerances and non-specific host utilisation of O. pendulum would equate with 

a larger number of hosts available for colonisation in comparison with the number of 

hosts available for colonisation by H. dalhousieana. 

The survival of host P. hillii when occupant H. dalhousieana died as a result of 

drought further supports the hypothesis that the physiological tolerances of P. hillii are 

wider than they are for H. dalhousieana. In a comparitive study of the drought 

tolerance of P. hillii and H. phlegmarioides, P. hillii was more water-use efficient and 

could continue to fix CO2 longer into a drought period than the tassel-fern (Field 

2003). Collectively Platycerium exhibit many characteristics for ameliorating water 

loss that are absent from tassel-ferns. These include a dense adaxial indumentum of 

reflective hairs that reduce absorption of radiant energy, the ability to reduce the 

exposed leaf surface area when subjected to drought by leaf rolling (Hennipman and 

Roos 1982, Keto et al. 1996), a dense abaxial indumentum of hairs to insulate stomata 

(Field 2003, Keto et al. 1996), stomata sunken in pits (Field 2003, Keto et al. 1996), 

drought deciduousness (Boyer 1964, Hennipman and Roos 1982) and crassulacean 

acid metabolism in some taxa (Field 2003, Holtum and Winter 1999). In contrast, 

Huperzia have large, and surface-borne unprotected stomata and are comparably 

water-use inefficient (Field 2003). A model showing how the different climatic 

tolerances between dependent and host species could reduce the realised population 

size of the dependent species is shown in Figure 5.9. It is predicted that the H. 

dalhousieana and P. hillii relationship is best described by P. hillii having a broad 

micro-climatic range and H. dalhousieana having a narrow micro-climatic range 

(Figure 5.9, models iii and iv).  
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Figure 5.9 Four models showing how the differences between the microclimatic 
tolerances of the host Platycerium hillii (green circles) and Huperzia 
dalhousieana  (blue circles) could limit the area of hosts available for 
colonisation (shaded blue). Models (i) to (iv) are discussed in the text. 

(i) largely overlapping equal 
size niches 

(ii) partly overlapping equal 
size niches 

(iii) fully overlapping 
unequal size niches 

(iv) partly overlapping 
unequal size niches 
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The discussion and models presented above focus on the influence of water 

availability on the evolutionary implications of H. dalhousieana niche specialisation 

on P. hillii. The other suggested advantage to H. dalhousieana of the host-epiphytic 

relationship is that the P. hillii nest contains a cache of nutrients. Most other 

Platycerium are either trash basket epiphytes that receive nutrients from falling debris 

or are ant epiphytes that receive their nutrients from the waste of their ant inhabitants 

(Boyer 1964, Franken and Roos 1982, Hennipman and Roos 1982). In a study of the 

nutritional ecophysiology of African Platycerium, Boyer (1964) provided evidence of 

tight nutrient cycling in living growing Platycerium nests in which nutrients from old 

nest fronds were rapidly re-absorbed into new living tissue (Boyer 1964). Conversely 

macro-nutrients were released from nests of partially or wholly dead Platycerium 

(Boyer 1964). This may indicate that more nutrients are available to an epiphyte 

inhabiting a partially dead Platycerium than a wholly living Platycerium nest, possibly 

influencing the preference for partially dead hosts that is observed for H. dalhousieana 

and also reported for other taxa such as O. pendulum (Holttum 1969). Accumulation 

of calcium has also been reported in Platycerium nest material and it has been 

suggested to be an artifact or adaptation that reduces spore germination and 

colonisation of other epiphytes in Platycerium nests (Boyer 1964, Hennipman and 

Roos 1982). In addition to competition for resources, the inhibition of spore 

germination may be responsible, at least in part, for the lack of epiphytes in vigorously 

growing P. hillii. 

Two other nest epiphytes, Asplenium nidus and Drynaria rigidula were common at the 

study sites and were never inhabited by H. dalhousieana, although they were occupied 

by other epiphytes. I postulate that Asplenium nidus is not a suitable host for H. 

dalhousieana because this species grows in strata of the forest that are too shaded for 

H. dalhousieana and because its nest is not integrated and insulated by mantle fronds. 

The root mass of A. nidus has also been observed to shear off and drop away 

periodically from underneath as the plant ages which would be detrimental to an 

inhabitant. It is proposed that Drynaria rigidula is not a suitable host because it is too 

competitive and because it completely desiccates the nest and is deciduous during 

drought. The differences in nest water relationships, competitive capability, and 

longevity between the three nest epiphytes could be tested both in cultivation and in 
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the wild without the need for H. dalhousieana inhabitants. This concept could also be 

tested with other species as inhabitants. 

Another aspect of the H. dalhousieana and P. hillii relationship that needs to be 

resolved is H. dalhousieana’s mode of dispersal. Most reports of host specialization 

among plants relate to parasitic and hemi-parasitic plants. The propagules of host 

specialist parasitic and hemiparasitic plants such as mistletoes in the families 

Loranthaceae and Viscaceae and the holo-parasitic Rafflesia are dispersed from the 

parent plant to new specific host by specific animals (Heide-Jorgensen 2008, Nais 

2001). This ensures direct transfer to the correct host and also reduces the wastage of 

propagules. In contrast, H. dalhousieana has microscopic non-fleshy propagules that 

are typical of wind-dispersed epiphytes and no evidence exists so far for animal-

mediated dispersal. It is therefore implied that the vast majority of H. dalhousieana 

spores are wind-dispersed and never reach their spatially rare host. This may be a 

reason why H. dalhousieana grows so large and why it produces so many large 

sporangia. 

Future investigations should test whether H. dalhousieana spores are biotically or 

abiotically dispersed and, if they are abiotically dispersed, should investigate whether 

the spores enter the nest with falling debris or in stem flow. Another unknown of 

ecological and cultivational importance is whether the mycobiota required for 

Huperzia holomycoheterotrophic spore germination needs to be pre-established in the 

P. hillii nest or whether it arrives with the spore. I predict that the spores germinate in 

the dark, low down, in the wettest part of the P. hillii. They may enter the nest as 

falling debris or in stem-flow and could reach the wettest part of the P. hillii nest by 

either being washed down between the laminated mantle fronds or having been 

covered by new mantle fronds. It is also predicted that the gametophyte, which is 

presently unknown, will be large and long-lived, holomycoheterotrophic on material 

produced by the decaying P. hillii nest and that sporophytes will emerge from the 

gametophyte and push out laterally or downwards through the nest until their shoot 

apex emerges from the nest. 

The future of the blue-tassel-fern 

Huperzia dalhousieana is rare because it is dependent upon a highly specialised and 

rare microhabitat and also because its populations are in rapid decline. All three of the 
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causes of population decline identified among other Australian threatened plants by 

Cropper (1993) and three of the four identified by Arcand and Ranker (2008) were 

identified as causes of mortality in H. dalhousieana. Collecting from the wild and 

habitat destruction are both confirmed as continuing causes of mortality and these 

threats must be removed if H. dalhousieana is to survive in Australia. Drought was the 

most significant cause of mortality for H. dalhousieana and the relationship between 

drought and climate change and its potential to cause extinction in H. dalhousieana 

requires urgent investigation. This study supports the view of Chinnock (1998) that it 

is likely that H. dalhousieana will become extinct in the wild in Australia in the near 

future unless significant effort is focused to remove threats and recover the species. 

Several recommendations for management of H. dalhousieana are outlined below. 

Targeted collecting of rare ferns and lycophytes from the wild has a long history and 

was identified as a problem in other countries at least as early as the mid-nineteenth 

century (Arcand and Ranker 2008, Yatskievych and Spellenberg 1993). Two methods 

are commonly used to conserve targeted plants (Arcand and Ranker 2008, Gibby and 

Dyer 2002, Zhang et al. 2002b), they are legislative prohibition against collecting and 

flooding the market with artificially produced plants (Arcand and Ranker 2008, Unwin 

and Hunt 1996, Zhang et al. 2002b). At present H. dalhousieana cannot be legally 

collected, kept or traded in Australia (EPA 2001). It is strongly recommended that this 

level of protection be maintained at least until such time as a mass propagation method 

is developed. The very low population size of H. dalhousieana means that collection 

of plants from the wild to establish a cultivated source is not recommended except in 

extreme circumstances such as following the death of the host Platycerium or host tree 

or recovery of plants following destruction from a cyclone.  

It is recommended that efforts to conserve H. dalhousieana be focused on developing 

a sexual propagation technique for other Huperzia and then adapting it to H. 

dalhousieana. Continuing illicit collecting indicates that the current legislative 

protection alone is an insufficient disincentive to poachers. Locality information for H. 

dalhousieana should neither be published nor distributed in case the localities are used 

as a treasure map for illicit collecting. It may be necessary to enforce exclusion zones 

around H. dalhousieana using fencing or remote surveillance to protect at risk plants 

from poaching. Additional policing and education programs may be needed to 

dissuade would be collectors from killing even more plants. In circumstances where 
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the locality of a H. dalhousieana becomes known publicly it may be worthwhile to 

utilise inducted locals to monitor the plant and provide information to management 

authorities. 

Habitat, ecosystem or landscape protection is now strongly lauded as the most 

achievable and dependable method for species conservation (Franklin 1993, Myers et 

al. 2000, Simberloff 1998). At present, the only population of H. dalhousieana known 

to occur entirely within protected estate is on the McIllwraith Range in the Kulla 

National Park. This national park is remote and is managed by traditional owners, 

therefore general access is restricted. Although this population is less likely to be 

subject to land clearing or poaching than the other populations it may still be affected 

by stochastic climatic events. Regular monitoring of this population by experienced 

surveyors is recommended so that changes within the population are rapidly reported 

and conservation procedures can be implemented. 

The population of H. dalhousieana near the headwaters of Bailey and Coopers Creek 

in the Daintree spans protected and non-protected estate. Addition of the non-

protected estate to the national park would protect H. dalhousieana habitat as well as 

habitat for other rare sympatric plants such as Asplenium wildii, Chingia australis, 

Crepidomanes aphlebioides, Dendrobium nindii and Dendrobium mirbelianum. The 

region in which this population occurs is regularly visited by tourists and is relatively 

easy to access. Therefore a close monitoring program is urgently needed. 

The most vulnerable population of H. dalhousieana is that in the vicinity of the 

headwaters of the Davidson River near Tully. The population on non-protected estate 

is at risk as it inhabits fringe in agricultural land. A study is recommended, in 

conjunction with landowners, to determine the feasibility of rehabilitation of rainforest 

in this area and its appropriateness for safeguarding H. dalhousieana.  

In addition to conserving of forest habitat and landscapes, the conservation of 

populations of the host plant P. hillii will be important for safeguarding H. 

dalhousieana. At least two anthropogenic threats to Platycerium can be identified: 

mortality from loss of habitat and mortality from targeted collecting for the 

ornamental plant trade (Porembski and Biedinger 2001). Outside Australia, 

populations of Platycerium have been significantly reduced by collection for the 
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ornamental plants trade and some species are now extinct in local regions (Hennipman 

and Roos 1982, Porembski and Biedinger 2001). In Queensland, it is prohibited to 

collect Platycerium from the wild. However, there is no legislation to protect 

Platycerium from land clearing (EPA 2001). It is recommended that habitat with 

significant populations of P. hillii in areas important for H. dalhousieana be given a 

high level of protection from land clearing to safeguard habitat for the blue-tassel-fern. 

Close monitoring of H. dalhousieana by experienced surveyors should be undertaken 

for all known H. dalhousieana individuals and populations. There are three causes of 

mortality that may be mitigated if detected early enough. One predictable cause of 

mortality is competition from other epiphytes and removal of the competitor may 

prevent this cause of mortality. Another predictable cause of mortality is the death of 

the host Platycerium or the host tree, under which circumstances transplantation may 

be attempted to prevent mortality. The third and perhaps least predictable cause of 

mortality is drought. Future study may be able to identify if this can be avoided by 

irrigating at-risk plants. 
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Chapter 6 

General Discussion 

 

 

ABOVE: A mixed-species tassel-fern colony of mature gametophytes and juvenile 
sporophytes growing on a tree branch in Mossman Gorge, Australia. Three species are 
present in this colony, H. squarrosa, H. tetrastichoides and H. aff. phlegmaria 
‘common coarse’. A mature branch of H. tetrastichoides can be seen hanging from the 
opposite side of the branch. 
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Chapter 6: General discussion 

The main outcomes of my research are: 

1. Increased understanding of evolutionary trends within Huperzioid 

Lycopodiaceae, resolution of conflict between DNA-based and morphology-

based hypotheses for the family, a subfamily classification that recognises the 

Lycopodioideae and Huperzioideae and generic classification of 

Huperzioideae that recognises three monophyletic genera, Phylloglossum, 

Huperzia s.s. and Phlegmariurus.. 

2.  A phylogenetic hypothesis of the diversification of Phlegmariurus species in 

Australia including new hypotheses on the monophyly of each of the 

Australian species and a revised hypotheses on the origins of tassel-ferns in 

Australian showing diverse links with nearby regions.  

3. A revaluation of the rarity of the Australian tassel-fern species and a new 

hypothesis on the cause of rarity in one of Australia’s most iconic rare plants, 

the blue-tassel-fern. 

In this discussion I summarise the main findings of my research and then discuss their 

implications with an emphasis on the practical applications of these results to 

taxonomic classification and rarity evaluation. Finally, I propose research directions 

for advancing our understanding of this interesting and highly valued group. 

Subfamily and generic concepts within the Lycopodiaceae 

The subfamilies Lycopodioideae and Huperzioideae proposed by Wagner and Beitel 

(1992) are supported as being monophyletic (Chapter 2). The Bayesian inference 

phylogenetic analyses of chloroplast DNA sequences applied in this study confirm the 

relationships inferred in all DNA-sequence-based and morphology-based phylogenetic 

investigations of the Lycopodiaceae published to date (Wagner and Beitel 1992, 

Wikström 2001, Wikström and Kenrick 1997, Wikström and Kenrick 2000, 2001, 

Wikström et al. 1999, Yatsentyuk et al. 2001).  

The subfamilies exhibit significant morphological differences associated with 

differing habit and life-history strategies (Chapter 2). The Lycopodioideae are wholly 
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terrestrial plants with the ability to branch laterally and colonise the terrestrial 

environment (Chapter 2). In contrast, the Huperzioideae generally lack the ability to 

spread asexually via lateral branches. Instead, they exhibit specialised life-history 

strategies linked to their tufted habit. These include dispersal of detachable vegetative 

propagules, regeneration from underground tubers or increased size and ramification 

of their spore-bearing organs (Chapters 2 and 3).  

The Australian Lycopodioid genera Lycopodium and Lycopodiella as circumscribed 

by Øllgaard (1987) and the Flora of Australia, appear to be monophyletic (Chapter 2). 

However, the genus Huperzia s.l. as circumscribed by Øllgaard (1987) and the Flora 

of Australia, contains two clearly divergent ancient clades, one corresponding to the 

tassel-ferns and one to the fir-mosses (Chapter 2). A classification was recommended 

that restricts the genus Huperzia Bernh. to the fir-mosses and separates the tassel-ferns 

into the re-instated genus Phlegmariurus Holub. These two clades are recovered 

irrespective of the insertion position of Phylloglossum. In such a classification, the 

genera would be monophyletic if the genus Phylloglossum was sister to Huperzia s.s., 

sister to Phlegmariurus, sister to a clade contianing both of them or inserted in an 

unresolved position between them. Phlegmariurus are phylogenetically distinct having 

accumulated several unambiguous molecular synapomorphies and a distinct habit and 

life-history strategy. Phlegmariurus is also defined by the absence of readily 

observable morphological synapomorphies present in Huperzia s.s. and 

Phylloglossum. The three genera exhibit strikingly different habit and life-history 

strategies (Chapter 2). 

Huperzia s.s. (fir-mosses) are terrestrial temperate plants, predominantly from the 

northern hemisphere, that form upright tufts of shoots with plesiomorphic lycophylls 

and sporophylls (Chapters 2 and 3) but with synapomorphic detachable vegetative 

bulbils that enable them to spread vegetatively across their ground habitat (Chapter 2). 

All Huperzia s.s. share a derived spore shape with specialised truncate corners and 

foveolate ornamentation on both surfaces (Chapter 2). Their gametophytes are 

symplesiomorphic for the Huperzioideae in being holomycoheterotophic, 

subterranean, horizontal in growth and bearing paraphyses among their gametangia 

(Chapter 2). The prediction of Øllgaard (1987) that these plants represented a 

monophyletic group that had developed specialised derived characters was supported 

(Chapter 2). Huperzia australiana, the only species of Huperzia s.s. authenticated as 
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occurring in Australia, exhibits a distribution that is anomalous to other Huperzia s.s 

in that it is found in the deep southern latitudes in temperate climates. The other 

previously reported species of Huperzia s.s in Australia, H. serrata, was not detected, 

and the original record has already been questioned (Chinnock 1998, Domin 1915). 

Phlegmariurus s.l. (tassel-ferns) are predominantly pendulous epiphytic tropical plants 

of tropical climates but they extend into the subtropical zone of both hemispheres and 

the temperate latitudes of the southern hemisphere (Chapter 2 and 3). They are the 

most species-rich clade in the Lycopodiaceae and have diversified to exhibit a 

spectrum of specialised epiphytic shoot forms (Chapters 2 and 3). A number of these 

specialised shoot forms have evolved multiple times, specifically, shoot-forms with 

adpressed lycophylls, shoot-forms with multibranched strobili and the large robust 

glaucous ‘blue’ shoot-form. Most of the species diversity in the Palaeotropics belongs 

to one of two groups, a squarrosoid group which includes most of the species with 

bottlebrush or thick seldom branched strobili and occur as low canopy epiphytes and 

lithophytes and the phlegmarioid which includes most of the species with slender 

multibranched strobili and those that occur as high canopy epiphytes. 

The ancestral shoot form in Phlegmariurus is predicted to be nearly homophyllous 

with multifarious sessile, untwisted triangular-lanceolate lycophylls and sporophylls 

borne in an adze-like plane (Chapter 3). Most of the species in derived clades of 

Phlegmariurus exhibit derived shoot forms in which their lycophylls are reoriented 

and their strobili modified to increase ramification (Chapter 3). In contrast to their 

mostly derived shoot form, the genus Phlegmariurus has a plesiomorphic Huperzioid 

spore type and plesiomorphic Huperzioid gametophytes that are 

holomycoheterotrophic, have a horizontal growth axis and bear paraphyses among the 

gametangia (Chapter 2). A clade inserted within Phlegmariurus exhibits reversions in 

shoot form to upright shoots that are analogous to the fir-mosses (Chapter 3). It has 

been proposed that this group became secondarily terrestrial commensurate with the 

orogenesis of the Andes (Wikström et al. 1999). Similar wholly terrestrial 

Phlegmariurus are unknown in the Palaeotropics. 

Estimation of the timing of the divergence between the main lineages within the 

Lycopodiaceae would benefit from direct comparison of diversification with life-

history traits identified by this study. For example, an evaluation of the relative rates 
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of divergence among terrestrial and epiphytic lineages may now be possible through 

re-evaluation of the fossil forms using the lineage synapomorphies identified here. 

This could be used to revise molecular clock calculations if appropriate fossil taxa can 

be unambiguously identified. 

Tassel-fern species diversity in Australia 

The Australian populations of the tassel-fern taxa H. carinata, H. dalhousieana, H. 

filiformis, H. lockyeri, H. marsupiiformis, H. phlegmarioides, H. squarrosa and H. 

varia are monophyletic in my analyses (Chapter 3). The type specimen for each of H. 

carinata, H. dalhousieana, H. lockyeri, H. marsupiiformis, H. squarrosa and H. varia 

closely resembles material from the Australian populations of each of these species. 

No nomenclatural changes are recommended for these species.  

In contrast, the polymorphic H. phlegmaria s.l. as recognised in the Flora of Australia 

(Chinnock 1998) is polyphyletic and paraphyletic (Chapter 3). Overall H. phlegmaria 

s.l. represents a widespread and polymorphic taxon and I consider that it requires 

critical review at a global scale (Chapter 3). In Australia, the monophyly of this group 

is restored if three species are recognised (Chapter 3 & 4). The three species hitherto 

included under H. phlegmaria s.l. are treated informally here as (i) P. longibracteata 

for the gold-tip tassel-fern, (ii) P. ledermannii for the black-stem tassel-fern and (iii) 

P. cf. phlegmaria for the common-coarse tassel-fern (Chapter 4). They are identified 

by differences in their stem structure, lignification and pigmentation, the arrangement, 

shape and colour of their sporophylls, and the phyllotaxy, size and shape of their 

lycophylls (Chapter 4). The three species occur in sympatry at numerous localities in 

northern Queensland (Chapter 3 & 4) and no morphological intermediates have been 

detected to date. Future research aimed at investigating the population genetics 

relationships among these species would be beneficial. In particular, determination of 

potential hybridisation between sympatric populations would provide significant 

insight into the origins and relative phylogenetic isolation of these species. 

Evaluation of type materials revealed that the name H. prolifera (Blume) Holub had 

been missapplied to the Australian population. The insularity of the Australian 

population was further supported by DNA sequence phylogenetic evidence (Chapter 

3). Together the evidence supports a view that the Australian plants belong to an 

endemic species and it was named H. tetrastichoides A.R. Field & Bostock (Appendix 



228 

4). Overall four previously unrecognised Australian species of tassel-ferns are 

identified, one of which is considered endemic and three of which have not been 

previously evaluated for rarity.  

Most of the species found within Australia are placed within the squarrosoid or the 

phlegmarioid clades (Chapter 3). Huperzia lockyeri, H. marsupiiformis, H. 

tetrastichoides and H. squarosa are placed in the squarrosoid clade (Chapter 3), a 

clade that is polymorphi, containing a rich spectrum of plesiomorphic and apomorphic 

shoot forms (Chapter 3). Huperzia carinata, H. phlegmarioides, H. ‘gold-tip’, H. 

‘black-stem’ and H. ‘coarse’ are placed in the phlegmarioid clade (Chapter 3). The 

majority of species in this clade exhibit derived highly specialised shoot forms with 

slender multi-branched strobili (Chapter 3). The exception is the morphologically 

divergent H. carinata, which exhibits reduced semi-succulent shoots which are 

postulated to be an adaption to drought stress common in its habitat as a high canopy 

epiphyte (Chapter 3).  

Huperzia dalhousieana is the most basal and most phylogenetically distinct tassel-fern 

species indigenous to Australia (Chapter 3). The species exhibits the largest number of 

autapomorphies among the taxa examined, having entirely penduluous fleshy shoots, 

involutable microphyll margins, undifferentiated lycophylls and sporophylls and being 

glaucous on all surfaces (Chapter 3). 

Rarity in Australian tassel-ferns 

There are four rarity groups among tropical Australian tassel-ferns (i) one rare species 

(H. ‘coarse’) that is uncommon but occurs in a wide variety of habitats over three 

bioregions in tropical Queensland; (ii) three vulnerable species (H. ‘black-stem’, H. 

phlegmarioides and H. tetrastichoides) that are uncommon in more specific habitats 

over two bioregions in tropical Queensland; (iii) five endangered species (H. ‘gold-

tip’, H. carinata, H. filiformis, H. lockyeri, H. marsupiiformis and H. squarrosa) that 

are scarce in altitude restricted habitats in only one bioregion in tropical Queensland, 

and (iv) one critically endangered species (H. dalhousieana) that is extremely scarce 

in rare scattered specialised habitats (Table 6.1). 

The rarity ranking of H. phlegmaria s.l. was reviewed to take into account the 

recognition of three taxa from within the broadly circumscribed polyphyletic taxon. 
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One of the three species, the coarse tassel-fern, was more widespread than the other 

two and a rarity ranking of least-concern is recommended (Table 6.1). It occupied a 

wider latitudinal range and habitat preference compared to the other two species. The 

black-stem tassel-fern was significantly more restricted in its altitude but was found to 

be widespread across two regions and a rarity ranking of vulnerable is recommended. 

The scarcest of the three species, the gold-tip tassel-fern was restricted to ever-wet 

habitats such as gorges in the mountain ranges of the Wet Tropics region and a rarity 

ranking of endangered is recommended (Chapter 5). These rankings apply to the 

Australian populations only as not field data was available on their presence or 

abundance outside of Australia. 

Huperzia dalhousieana is the rarest tassel-fern in Australia (Chapter 5). Its distribution 

conforms to Rabinowitz (1983) rarity type 3, a taxon of scarce scattered individuals in 

specific habitats over a broad range (Chapter 5). It is proposed that H. dalhousieana is 

naturally rare because it is an obligate niche-specialist associated with a small 

proportion of the epiphytic nest-fern Platycerium hillii that express a particular 

degenerate life-stage (Chapter 5).  

Populations of H. dalhousieana are declining rapidly (Chapter 5). With small 

population numbers, a restricted habitat and a low capacity for vegetative regeneration 

it is particularly susceptible to poaching, land clearing and stochastic weather and tree-

fall events (Chapter 5). Considering the present rate of decline, H. dalhousieana could 

become extinct in Australia in the near future. New conservation management efforts 

can be directed to this species now that we have a deeper insight into its the cause of 

rarity. The two of the threats, poaching and population decline from stochastic losses, 

are difficult to address in a conventional habitat protection management program. It is 

recommended that efforts be focused on developing an ex situ conservation program 

where H. dalhousieana are grown in conditions that are protected from poaching and 

stochastic events.  
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Table 6.1 Revised classification and rarity ranking of Lycopodiaceae of Australia.  

Taxon Recommended 
Conservation 

Rank 
Subfamily Lycopodioideae  

Genus Lycopodium L. (club-mosses)  

Lycopodium deuterodensum Herter not assessed 
Lycopodium fastigiatum R. Br. not assessed 

Lycopodium volubile G. Forst. Extinct* 
Genus Lycopodiella Holub (ground-pines)  

Lycopodiella cernua (L.) Pic. Serm. not assessed 
Lycopodiella diffusa (R. Br.) Øllgaard not assessed 

Lycopodiella lateralis (R. Br.) Øllgaard not assessed 
Lycopodiella limosa Chinnock not assessed 

Subfamily Huperzioideae  
Genus Huperzia Bernhardi (fir-mosses)  

Huperzia australiana (Herter) Holub not assessed 
Huperzia serrata (Thunb.) Trevis. Extinct* 

Genus Phlegmariurus Holub (tassel-ferns)  
Phlegmariurus carinatus (Desv.) Ching Endangered 

Phlegmariurus dalhousieanus (Spring) comb. nov. Endangered 
Phlegmariurus filiformis (Sw.) W.H. Wagner Endangered 

Phlegmariurus lockyeri (D. L. Jones & B. Gray) comb. nov. Endangered 
Phlegmariurus marsupiiformis (D.L. Jones & B. Gray) comb. nov. Endangered 

Phlegmariurus phlegmarioides (L.) comb. nov. Vulnerable 
Phlegmariurus squarrosus (L.) A. Löve & D. Löve Endangered 

Phlegmariurus tetrastichoides (A.R. Field & Bostock) comb. nov. Vulnerable 
Phlegmariurus varius (R. Br.) comb. nov. Vulnerable 

Phlegmariurus aff. phlegmaria ‘gold-tip tassel-fern’ Endangered 
Phlegmariurus aff. phlegmaria ‘black-stem tassel-fern’ Vulnerable 

Phlegmariurus aff. phlegmaria ‘coarse tassel-fern’ Least Concern 
Genus Phylloglossum Kunze (pygmy club-moss)  

Phylloglossum drummondii Kunze not assessed 

* possibly recorded from Australia in error. 
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Conclusion and future directions 

Overall, the Australian biota includes a suite of tassel-fern species with evolutionary 

origins that are typical for other biotas in the Palaeotropical region. As with most 

Palaeotropical biotas, Australia includes both basal and derived endemic tassel-fern 

species as well as basal and derived pan-Palaeotropical tassel-fern species. It is 

difficult to infer an origin of the group as a whole due to the absence of a distinct 

centre of tassel-fern diversity and a high level of endemism in the Paleaotropics. I 

interpret the low level of endemism and widespread nature of tassel-fern species as 

evidence that tassel-ferns have been diversifying for a long time, but also that they 

probably have the ability to disperse long distances and that genentic conectivity of 

these widespread species across regions is continuing albeit rarely.  

This study highlights several areas where expansions in the phylogenetic dataset 

would progress understanding of extant tassel-fern diversity. The most significant area 

is the development of a data set based on DNA sequences of the nuclear genome for 

phylogenetic analyses. Issues associated with DNA sequence comparison among 

polyploid lineages need to be overcome for this dataset to become available. It has the 

potential to resolve as yet untested aspects of tassel-fern diversification. The 

comprehensive living tassel-fern collection established for this study has the potential 

to be a rich data source when techniques for the reliable comparison of homologous 

nuclear DNA loci are available. The other two areas where systematic understanding 

could be expanded are in the sampling of as-yet to be identified type materials of 

tassel-ferns and the sampling of unique species such as H. pecten and H. macgregorii. 

Based on their stark morphological dissimilarity to other tassel-ferns these species 

have the potential to provide significant insight into the evolution of tassel-ferns and in 

particular the geographic origin of the group. 

Gaps in our knowledge exist that need to be filled if rare species such as H. 

dalhousieana are to be conserved in the Australian biota. Specifically, for H. 

dalhousieana it will be necessary to develop a method for reliable sexual propagation. 

These techniques would provide the basis of a propagating program to grow plants of 

H. dalhousieana for re-introduction into the wild or at least for effective ex situ 

conservation efforts. The development of such a propagation method would also 
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provide an artificial source of H. dalhousieana that may be used to satiate the desires 

of collectors and thereby reduce the likelihood of poaching in the wild. 

Elucidation of the sexual life-cycle, in particular the rates and distances of spore 

dispersal and of inter-gametophytic and intra-gametophytic crossing is a frontier topic 

in the study of tassel-ferns. My research suggests that tassel-fern species have the 

capacity to be dispersed over long distances The mechanism for their long distance 

dispersal would be an exciting area of research. In addition, the mechanisms for 

maintaining sexual isolation between sympatric populations of different species are 

unknown. The tendency for juvenile sporophytes of tassel-ferns (Figure 6.1) to be 

observed in mixed species colonies suggests they may have the opportunity to 

hybridise, yet they appear not to. The mechanism by which these different species are 

dispersed to co-occur in the same micro-site is unknown. It is postulated that these 

micro-sites posses a particular suite of conditions that have enabled multiple species to 

recruit there at the same time. These unknown aspects of the early life-history stage of 

tassel-ferns will be important for understanding not only the factors that limit their 

recruitment and thus population size, but also significant components of the 

evolutionary history of these species. 

Finally, research efforts evaluating breeding systems and population genetic structure 

of tassel-ferns through the use of high-resolution genetic markers would be essential to 

develop an understanding of the effective isolation of populations. Studies 

investigating the rates of interbreeding within individual gametophytes, within 

gametophyte colonies, within populations and between near neighbour, insular or 

widely disjunct populations could identify critical scales of genetic isolation. 

Outcomes from these studies would assist predicting whether tassel-ferns are able to 

recolonise after local extinction events, and have the potential to make a significant 

contribution to management decisions about the conservation of critically endangered 

species such as the blue-tassel-fern in Australia. 
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Figure 6.1 A mixed-species colony of mature gametophytes and juvenile 
sporophytes growing on a tree branch on the McIlwraith Range, 
Australia. Three species are present in this colony, H. carinata, H. aff. 
phlegmaria ‘coarse’ and H. phlegmarioides. 
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Glossary 

abaxial: facing away from the axis, e.g. the lower/outer surface of a lamina. cf. 
adaxial 

adaxial: facing towards the axis, e.g. the upper/inner surface of a lamina. cf. abaxial  
adpressed: lamina borne in a closely pressed acute angle against the stem. 

adze-plane: the plane in which the orientation of a lamina with respect to the stem is 
similar to the orientation of the head of an adze with respect to the shaft. cf. axe-plane 

actinostele: a type of protostele in which when viewed in cross section the xylem is 
arranged in a star-like shape with the phloem around the outside. 

acute: terminating in a distinct but not protracted point, the converging edges 
separated by an angle of less than 90°. 

adnate: an organ fused to an organ of a different kind, in tassel-ferns referring to the 
lycophylls fused to the stem. 

amphistomatic: having stomata on both the adaxial and abaxial lamina surfaces. 
analogy: characters exhibited by two organisms that appear similar but are derived 
from different ancestors. 
anisodichotomous:  having unequal dichotomies. cf. isodichotomous 

anisovalvate: having unequal valves, referring to the sporangia in lycopods. 
apomorphic: exhibiting a character that is derived and is not shared with the ancestor. 

attenuate: with lamina sides narrowed concavely to the apex or the base. 
autapomorphy: a trait that is unique to a particular organism or taxon that is not 
present in its ancestor. 
autochthonous: referring to organisms that are still found where they evolved. 

axe-plane: the plane in which the orientation of a lamina with respect to the stem is 
similar to the orientation of the head of an axe with respect to the shaft. cf. adze-plane 

baculate: surface structure with pillar like processes. 
basal tuft: many branches arising from the same basal point as found in tassel-ferns 
and fir-mosses.  
basionym: the base name from which the epithet of the current name is derived in 
taxonomic nomenclature. 
bulbiferous: bearing bulbils or small genet shoots that can be detached and dispersed 
to become new plants. In the Lycopodiaceae it is a synapomorphy of fir-moss 
Huperzia s.s. 

carinate: shape in which the lamina is keeled on the abaxial surface. 
clathrate: lattice like surface sculpture. 
club-moss: common name given to the terrestrial Lycopodium. 

conspecific: referring to two or more individuals, populations or taxa that belong to 
the same species. 
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cortex: the layer of often parenchymatous tissue between the stele and stem wall of a 
vascular plant. 
corticular: related to the cortex, in lycopods referring to the emergence of roots 
directly from the stele into the cortex. 
decussate: borne in pairs alternately at right angles to each other. 

decurrant: leaf extending downwards beyond the point of insertion. 
dichotomous: divided into two branches resulting from the division of a growing 
point. 
diploid: with two homologous sets of chromosomes. 

distal: remote from the point of origin. 
dorsiventral: having a distinct dorsal and ventral surface. 

eligulate: lacking a ligule. 
embryophyte: land-plants of the subkingdom Embryophyta. Plants that are complex 
and have a sexual life cycle in which there is alternation of haploid and diploid 
generations.  

epiphyte: a plant growing upon another plant, usually without root contact to the soil. 
epilith: a plant growing upon a rock, usually without root contact to the soil. 

filiform: slender or thin in form. 
fir-moss: common name given to the temperate terrestrial Huperzia s.s. 

fossulate: having fossae, or furrows in the surface sculpture. 
foveolate: having foveoles or pits in the surface sculpture. 

gametangia: gamete producing organs on the gametophyte. 
gametophyte: a haploid plant or generation that bears gametes during the sexual life 
cycle. cf. sporophyte. 
glaucous: mat blue-grey, blue-green or grey-green in colour, in leaves it is often as a 
result of epicuticular wax or leaf hairs. 
haploid: with one set of chromosomes. 

haplostele: a type of protostele in which when viewed in cross section the xylem is 
arranged in a simple cylindrical core that is surrounded by a ring of phloem. 

helically arranged: appearing to be arranged in a spiral. 
heterophyllous: in lycopods having unequally sized and shaped lycophylls and 
sporophylls. 
heterosporous: producing two kinds of spores (male and female or microspores and 
megaspores.  
holotype: the original specimen or illustration that fixes a name to a taxon as allocated 
in the original description. 
holomycoheterotrophic: an organism, or a life stage of an organism, that wholly  
obtains its energy via parasitism of a fungus and is not an autotroph. 
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homology: characters exhibited by two organisms that appear similar because they 
were both inherited from a common ancestor. 
homoplasy (homoplasious): apparently similar characters that are exhibited by 
different organisms but evolved independently and were not derived from a common 
ancestor. Their similarity is an analogy. 

homophyllous: in lycopods having more or less equally sized and shaped 
trophophylls and sporophylls. 

homosporous: producing one kind of hermaphroditic spore that gives rise to 
hermaphroditic gametophytes. 

hyperstomatic: having stomata on the adaxial lamina surface. 
hypostomatic: having stomata on the abaxial lamina surface. 

imbricate: closely overlapping like roof tiles.  
infra-species: a taxon allocated to a rank below species. 

interstichal grove: in lycopods the groove between a line of leaves. 
interstitial distance: in lycopods the distance between the point where microphylls 
emerge 
involutable lamina margin: lamina margin that can be rolled inwards on the adaxial 
surface.  
isophyllous: having leaves of equal size and shape at any one point on the branch. cf. 
Anisophyllous 
isotomous: having all dichotomies resulting in branches of equal thickness. In 
Lycopodiaceae this is found in Huperzia s.s. and Phlegmariurus. cf. anisotomous 
isotype: a duplicate specimen to the holotype. 

isovalvate: having the two valves of a sporangium the same size. 
lanceolate: lamina lance head shaped, elongate with a pointed apex and with the 
widest point less than half-way along the lamina. 
linear: lamina slender and linear shaped, elongate usually with a pointed apex, widest 
point not distinct.  
linear-lanceolate: intermediate in lamina shape between linear and lanceolate. 

ligule: a membranous structure towards the base of the upper leaf surface in Isoetes 
and Selaginella. 

lycophyll: the name given to the sterile microphylls in lycopods. 
lycophyllotaxy: term given in this thesis to the phyllotaxy of lycophylls. 

microphyll: A simple photosynthetic appendage that has a single vascular strand that 
arises directly from the stele. 

midrib: the central single vein in a leaf. 
monophyletic: a group of organisms or taxa that contains the hypothetical common 
ancestor and all of the descendants of that ancestor but no organisms that are not 
descendent from that ancestor. 

multifarious: parts arranged in multiple rows. 
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mycoheterotrophic: an organism that obtains its energy via parasitism of a fungus but 
may also be an autotroph. 
nest-epiphyte: an epiphyte that produces its own nest of humic material in the canopy 
for its roots to grow into. The nest may be made either of roots, stems or leaves and 
may incorporate falling debris. 

nest-fronds: specialized basal leaves of a nest-epiphyte. 
neotype: the newly allocated specimen or illustration that fixes a name to a taxon but 
that is not eligible to be a holotype, isotype, syntype or lectotype. 
orthostichous: a straight line or row of things. 

oblique: in a leaf base referring to the equal shape of the leaf base 
obtuse: a blunt or rounded termination in a distinct but not protracted point, the 
converging edges separated by an angle greater than 90°. 
ovate: lamina egg-shaped with the widest point basal of the middle of the lamina. 

ovate-lanceolate: lamina shape intermediate between ovate and lanceolate. 
paraphyletic: a group of organisms or taxa that does not include all of the 
descendents of a hypothetical common ancestor. 
paraphyses: sterile filaments occurring among the sporangia of some ferns. 

peduncle: a stalk derived from the stem that bears a complex organ, in lycopods the 
strobilus. 

pedunculate: having a peduncle. 
petiole: the stalk of a leaf that attached the lamina to the stem. 

petiolate: a leaf having a petiole. 
phyllotaxy: the arrangement of leaves on a plant stem. 

plesiomorphic: exhibiting a character state that is shared with an ancestor. 
pluricellular: being made up of multiple cells. 

polyphyletic: a group of organisms or taxa whose most recent common ancestor is not 
a member of the group.  

primordia: the generative organs in a plant. 
protostele: a simple central core of vascular tissue that is not arranged in a cylinder. 

protostelic: a plant having a protostele.  
proximal: close to the point of origin.  

pygmy club-moss: common name given to Phylloglossum drummondii. 
quadrifarious: parts arranged in four rows.  

recupped: lamina cupped abaxially 
reniform: kidney shaped (referring to the sporangia in lycopods). 

reticulate: (in spore ornamentation) having a networked surface sculpture 
rugose: wrinkled or creased surface sculpture. 

scabrate : rough scaly surface sculpture. 
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semisucculent: of the texture of a leaf being slightly succulent. 

serrate: toothed like a saw. 
sessile: an organ borne directly from the stem without a stalk or petiole 

spiral: referring to parts originating in a sequential spiral on the stem. 
sporangia: the capsular spore producing organ of lycopods and ferns. 

sporophylls: in lycopods the fertile sporangia bearing microphyll type that are usually 
positioned in strobili in the distal parts of the shoot. 

sporophyllotaxy: term given in this thesis to the phyllotaxy of sporophylls. 
sporophyte: a diploid plant or generation that bears spores during the sexual life 
cycle. cf. gametophyte. 
squarrose: with spreading or divergent scales or processes. 

stele: the vascular central part of a root or stem including leaf traces containing tissues 
derived from the procambium. 

strobilus/strobili: a cone like body consisting of a shoot of sporophylls borne closely 
together on the shoot axis. 

sub-spiral-whorl: referring to parts originating very close together appearing to be in 
close set spiral but very nearly whorled. 

sub-opposite: leaf insertion nearly opposite 
sub-whorl: referring to parts originating very close together appearing to be in a 
whorl. 
symplesiomorphy: is shared primitive character state, a trait that is shared between 
two or more taxa that is also shared with other taxa that have an earlier last ancestor. 
synapomophy: is a shared derived state, a trait that is shared between two ore more 
taxa and their most recent common ancestor whose ancestor does not possess the trait. 
synonym: a taxon name that refers to the same species but is not available for use 
because does not have nomenclatural priority under the ICBN. 
syntype: one of multiple specimens or illustrations that fix a name to a taxon as 
allocated in the original description where a holotype was not designated. 
tassel-fern: common name given to the tropical epiphytic Huperzia s.l. 

terete: round in cross section. 
tetrahedral: having four sides. 

tetrastichous: bearing four orthostichous rows, square in cross section 
trilete: having a three pronged scar. 

trophophylls: in lycopods the sterile microphyll type that lack sporangia in their axils 
and are positioned in the basal parts of the shoot. 

truncate: terminated abruptly, in lycopods referring to the squared short corners of 
spores of Huperzia s.s.  

whorl: referring to parts originating from the same point on the stem 
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Chapter 2 Figure 2 trnL(C-F) dataset 
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Chapter 2 Figure 4 Lycopodiophyte morphology dataset 



 

Chapter 3 Figure 6 & 7 Phlegmariurus combined dataset 
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Chapter 3 Figure 6 & 7 Phlegmariurus morphology dataset 
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Chapter 3 Figure 8 Phlegmariurus trnL(C-F) dataset 
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Chapter 3 Figure 9 Phlegmariurus trnL (C-F) indel coding dataset 
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Chapter 3 Figure  10 Phlegmariurus trnH-psbA dataset 
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Chapter 3 Figure 11 Phlegmariurus trnH-psbA indel coding dataset 
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Chapter 3 Figure 12 Phlegmarioid clade morphology dataset 
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Appendix 2  This appendix includes a list of all global taxa that I consider belong to 
  the genus Phlegmariurus Holub including a nomenclatural combinations 
  that are necessary to create a monophyletic Phlegmariurus.  This list is 
  included here rather than in Chapter 4 as it was prepared in collaboration 
  with Mr Peter Bostock of the Queensland Herbarium. 

Phlegmariurus acerosus (Sw.) A.R. Field & Bostock comb. nov. Basionym: 
Lycopodium acerosum Sw., Fl. Ind. Occid. 3: 1575. 1806 

P. acifolius (Rolleri) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 
acifolium Rolleri, Revista Mus. La Plata, Secc. Bot. 14(87): 1. 1985 

P. acutus (Rolleri) A.R. Field & Bostock comb. nov. Basionym: Lycopodium acutum 
Rolleri, Rev. Mus. La Plata, Secc. Bot. 13(71): 91. 1980 

P. affinis (Trevis.) A.R. Field & Bostock comb. nov. Basionym: Huperzia affinis Trevis, 
Atti Soc. Ital. Sci. Nat. 17:248. 1874 

P. afromontanus (Pichi-Serm.) A.R. Field & Bostock comb. nov. Basionym: Huperzia 
afromontana Pichi-Serm., Webbia 27:394. 1972 

P. albescens (Bailey) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 
albescens Bailey, Queensl. Dept. Agric. Brisbane Bot. Bull. 14:16. 1986 

P. aloifolius (Hook. & Grev.) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 
aloifolium Hook. & Grev., Icon. filic. 2:233. 1831 

P. amentaceus (B. Øllg.) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 
amentaceum B. Øllg., Amer. Fern. J. 72:53. 1982 

P. andinus (Rosenstock) A.R. Field & Bostock comb. nov.Basionym: Lycopodium 
andinum Rosenstock, Bot. Jahrb. Syst. 43, Beibl. 98:35, 49. 1900 

P. aqualupianus (Spring) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 
aqualupianum Spring, Bull. Acad. Roy. Sci. Belg. 8:518. 1841  

P. arcuatus (B. Øllg.) A.R. Field & Bostock comb. nov. Basionym: Huperzia arcuata 
B. Øllg., Fl. Ecuador 33(1): 15. 1988 

P. aristei (Nessel) A.R. Field & Bostock comb. nov. Basionym: Urostachys aristei 
Nessel, Repert. Spec. Nov. Regni Veg. 36: 181, pl. 172. 1934 

P. arthurii (Herter) A.R. Field & Bostock comb. nov. Basionym: Urostachys arthurii 
Herter, Revista Sudamer. Bot. 10: 114. 1953 

P. ascendens (Nessel) A.R. Field & Bostock comb. nov. Basionym: Urostachys 
ascendens Nessel, Revista Sudamer. Bot. 6: 161, fig. 1940 

P. aschersonii (Herter) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 
aschersonii Herter, Bot. Jahrb. Syst. 43, Beibl. 98: 53. 1901 

P. attenuatus (Spring) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 
attenuatum Spring, Mém. Acad. Roy. Sci. Belgique 24: 8. 1849 

P. austroecuadoricus (B. Øllg.) A.R. Field & Bostock comb. nov. Basionym: Huperzia 
austroecuadorica B. Øllg., Fl. Ecuador 33(1): 31. 1988 

P. austrosinicus (Ching) Li Bing Zhang, Fl. Reipubl. Popularis Sinc. 6(3):42. 2004 
P. axillaris (Roxb.) A.R. Field & Bostock comb. nov. Basionym: Lycopodium axillare 

Roxb. in Beaston, Tracts St. Helena 312. 1816 
P. badinianus (B. Øllg.) A.R. Field & Bostock comb. nov. Basionym: Huperzia 

badiniana B. Øllg. & P.G. Windisch., Bradea 5(1): 7. 1987 
P. balansae (Herter) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 

balansae Herter, Bot. Jahrb. Syst. 43: Beibl. 98:51. 1909 
P. bampsianus (Pichi-Serm.) A.R. Field & Bostock comb. nov. Basionym: Huperzia 

bampsiana Pichi-Serm., Bull. Jard. Bot. Natl. Belg. 55(1-2): 193. 1985 



 

109 

P. banayanicus (Herter) A.R. Field & Bostock comb. nov. Basionym: Urostachys 
banayanicus Herter, Bot. Arch. 3:17. 1923 

P. bifidus (Willd.) A.R. Field & Bostock comb. nov. Basionym: Lycopodium bifidum 
Willd., Sp. Pl. ed. 4 5:53 1810 

P. biformis (Hook.) A.R. Field & Bostock comb. nov. Basionym: Lycopodium biforme 
Hook., Icon. pl. 3:t 228. 1839 

P. billardierei (Spring) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 
billardieri Spring, Bull. Acad. Roy. Sci. Belg. 8:516 1841 

P. binervius (Spring ex Herter) A.R. Field & Bostock comb. nov. Basionym: 
Lycopodium binervium Spring ex Herter, Bot. Jahrb. Syst. 43: Beibl. 98: 48. 1909 

P. bolanicus (Rosenstock) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 
bolanicum Rosenstock, Repert. Spec. Nov. Regni. Veg. 12:181 1913 

P. bolivianus (Rosenstock) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 
bolivianum Rosenstock, Repert. Spec. Nov. Regni. Veg. 11:59 1912 

P. bonapartei (Nessel) A.R. Field & Bostock comb. nova. Basionym: Urostachys 
bonapartei Nessel, Repert. Spec. Nov. Regni. Veg. 36:182 t.172 1934 

P. brachiatus (Maxon) A.F.Field & Bostock comb. nova. Basionym: Lycopodium 
brachiatum Maxon, Contr. U.S. Natl. Herb. 17: 176, tab. 7. 1913 

P. brachystachys (Baker) A.R. Field & Bostock comb. et stat. nov. Basionym: L. 
dacrydioides Baker. var. brachystachys Baker, Handb. Fern-Allies 18. 1887 

P. bradeorum (Christ) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 
bradeorum Christ, Repert. Spec. Nov. Regni Veg. 8: 20. 1910 

P. brassii (Copel.) A.R. Field & Bostock comb. nov. Basionym: Lycopodium brassii 
Copel., J. Arnold Arbor. 10:174 1929 

P. brauseanus (Herter) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 
brauseanum Herter, Urban, Symb. ant. 7(2): 165. 1912 

P. brevifolius (Grev. & Hook.) A.R. Field & Bostock comb. nov. Basionym: 
Lycopodium brevifolium Grev. & Hook., Bot. Misc. 3: 104. 1832 

P. brongniartii (Spring) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 
brongniartii Spring, Bull. Acad. Roy. Sci. Bruxelles 8, pt. 2: 515. 1841 

P. callitrichifolius (Mett.) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 
callitrichifolium Mett., Ann. Sci. Nat., Bot. ser. 5, 3: 309. 1865 

P. campianus (B. Øllg.) A.R. Field & Bostock comb. nov. Basionym: Huperzia 
campiana B. Øllg., Fl. Ecuador 33(1): 109. 1988 

P. cancellatus (Spring) Ching, Acta Bot. Yunn. 4:122. 1982 
P. capellae (Herter) A.R. Field & Bostock comb. nov. Basionym: Urostachys cappellae 

Herter, Revista Sudamer. Bot. 10: 114. 1953  
P. capillaris (Sodiro) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 

capillare Sodiro, Recens. Crypt. Vasc. Quit. 90. 1883 
P. caracasicus (Herter) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 

caracasicum Herter, Hedwigia 49: 88, fig. 1909 
P. carinatus (Desv. ex Poir.) Ching, Acta Bot. Yunn. 4:120. 1982 
 Lycopodium carinatum Desv. ex Poir. Encycl. suppl. 3:555 1813 
P. catacachiensis (Nessel) A.R. Field & Bostock comb. nov. Basionym: Urostachys 

catacachiensis Nessel, Revista Sudamer. Bot. 6: 162, t. 1940 
P. caudifolius (Alderw.) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 

caudifolium Alderw., Bull. Jard. Bot. Buitenzorg, ser. 2, 1:14. 1911 
P. cavifolius (C. Chr.) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 

cavifolium C. Chr., Danks Bot. Ark. 7:190. 1932 



 

P. chamaeleon (Herter) A.R. Field & Bostock comb. nov. Basionym: Urostachys 
chamaeleon Herter, Amer. Fern J. 48: 82. 1958 

P. chiricanus (Maxon) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 
chiricanum Maxon, Contr. U.S. Natl. Herb. 17: 176. 1913 

P. christensenianus (Christ & Herter) Satou, Hikobia 12(3):268. 1997 
P. christii (Silveira) A.R. Field & Bostock comb. nov. Basionym: Lycopodium christii 

Silveira, Bol. Commiss. Geogr. Estado Minas Gerais 2(5): 117. 1898 
P. clarae (Bailey) A.R. Field & Bostock comb. nov. Basionym: Lycopodium clarae 

Bailey, Queensl. Dept. Agric. Brisbane Bot. Bull. 7. 1893 
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P. nutans (Brack.) W.H. Wagner Contr. Univ. Michigan Herb. 20:241. 1995 
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oceanianum Herter, Bot. Jahrb. Syst. 43: Beibl. 98:52. 1909 
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ophioglossoides Lam., Encycl. (Lamarck) 3:646. 1789 
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P. ovatifolius (Ching) W.M. Chu ex. H.S.Kung & Li Bing Zhang, Acta Phytotax. Sin. 

37(1):52 (1999). 
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P. pithyoides (Schltdl. & Cham.) A.R. Field & Bostock comb. nov. Basionym: 

Lycopodium pithyoides Schltdl. & Cham., Linnaea 5: 623. 1830 
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polycladum Sodiro, Crypt. Vasc. Quit. 561. 1893 
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P. polytrichoides (Kaulf.) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 

polytrichoides Kaulf., Enum. Filic. 6. 1824 
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P. rupicolus (Alderw.) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 
rupicolum Alderw., Bull. Jard. Bot. Buitenzorg, ser. 2, 16:39. 1914 

P. salvinioides (Herter) Ching, Acta Bot. Yunnan. 4(2):122. 1982 
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P. stuebelii (Herter) A.R. Field & Bostock comb. nov. Basionym: Lycopodium stuebelii 

Herter, Bot. Jahrb. Syst. 43, Beibl. 98: 37, 53. 1909 
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P. subulatus (Desv. ex Poiret) A.R. Field & Bostock comb. nov. Basionym: Lycopodium 
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tuerckheimii Maxon, Contr. U.S. Natl. Herb. 13: 23, pl. 1. 1909 
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underwoodianum Maxon, Contr. U.S. Natl. Herb. 13: 41. 1909 
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Huperzia tetrastichoides A.R.Field & Bostock 
(Lycopodiaceae) a newly recognised species of tassel 
fern from the Wet Tropics of Queensland, Australia

Ashley R.Field1 & Peter D.Bostock2

Summary

Field, A.R. & Bostock, P.D. (2008). Huperzia tetrastichoides A.R.Field & Bostock (Lycopodiaceae), a 
newly recognised species of tassel fern from the Wet Tropics of Queensland, Australia. Austrobaileya 
7(4): 711–715. An Australian endemic species of tassel fern Huperzia tetrastichoides A.R.Field and 
Bostock is described as new. This species was previously confused with the non-Australian species 
Huperzia prolifera (Blume) Trevis. The new species is restricted to upland Queensland rainforests 
from the Windsor Tableland south to the Clarke Range west of Mackay. It is listed as Vulnerable under 
the Queensland Nature Conservation Act 1992
species of Huperzia is provided.
1A.R.Field, School of Marine and Tropical Biology, James Cook University, Douglas Townsville 

2P.D.Bostock, Queensland Herbarium, Environmental Protection Agency, Brisbane Botanic Gardens, 
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Introduction

Huperzia Bernh. is the largest genus of the 
Lycopodiaceae, an ancient and cosmopolitan 
plant family (Ollgaard 1987). Twelve species 
of Huperzia have been recorded in Australia 
(Bostock & Holland 2007). Ten of these 
species are epiphytic or epilithic in rainforests 
in the Queensland tropics (Chinnock 1998). 
Following examination of living plants and 
herbarium specimens from Asia and Australia 
we have concluded that the entity hitherto 
recognised as Huperzia prolifera (Blume) 
Trevis. (sensu Andrews 1990; Chinnock 
1998; Goodger et al. 2008) in Australia is 

(Blume 1828) (photos of lectotype sheets at 
Leiden L0057380 and L0057381 seen). It is 
described in this paper as a new species and 
considered to be endemic to Australia.

Materials and methods

collections in north Queensland and Malaysia, 
together with examination of herbarium 
collections at BRI, CANB and CNS (formerly 
QRS).

Taxonomy

Huperzia tetrastichoides AR.Field & 
Bostock, species nova antea H. prolifera 
confusa, a qua microphyllis triangulari-
ovatis, carinatis et orthostichis in seriebus 
quatuor (non lineari-lanceolatis, ut minimum 
lycophyllis planis et microphyllis omnibus 
heterostichis) differt; ad H. tetrasticham 
arctissime accedit, a qua lycophyllis ad 
angulum 20–50º patentibus non aequaliter 
adpressis et imbricatis differt. Typus: 
Queensland. COOK DISTRICT: Millaa Millaa 
Falls, Atherton Tableland, 14 June 2004, 
A.R.Field and O.Rawlins 1139 (holo: BRI; iso: 
CNS, distribuendi).

Sporophyte: Epiphytic herbaceous plant with 
indeterminate isodichotomous pendulous 
shoots arising from a tufted root system. 
Lycophylls and sporophylls subopposite, 
decussate, orthostichous in four rows. 
Lycophylls triangular-ovate, carinate, thin 

basal sterile divisions diverging 20o–50o from 
stem, gradually transforming to adpressed, 
imbricate sporophylls in sharply quadrangular 
terminal fertile divisions. Sporophylls 
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Fig. 1. Huperzia prolifera. A. infertile shoot section and B. fertile shoot section; Huperzia tetrastichoides. C. infertile 
shoot section and D. fertile shoot section; Huperzia tetrasticha. E. infertile shoot section and F. fertile shoot section ; 
A–F scale bar = 2 cm; Huperzia tetrastichoides. G. habit showing isodichotomous pendant branching, carinate sterile 
lycophylls and sporophylls, lycophylls arranged in four rows and quadrangular strobili; G scale bar = 5 cm. A & B from 
scan of L57380 and L57381; C & D, G from Field ARF1139 (BRI); E & F from Field ARF0815 (BRI). Del. A. Field.
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long, c. 3 mm wide at base. Sporangia c. 2 mm 
in diameter, each completely concealed by 
its subtending sporophyll. Stems pale green, 
lycophylls and sporophylls usually dull dark 
green. Gametophyte: unknown.
Additional specimens examined [precise localities 
withheld]: Queensland. COOK DISTRICT: Mossman, May 
2004, Field ARF723, Lloyd & Toh (BRI); NW of Julatten, 
May 1989,  (BRI, CANB); 
Rumula, Oct 2004,  (BRI); Black 
Mt, Jul 1999, Jago 5307, Wannan & Worboys (BRI). 
NORTH KENNEDY DISTRICT: Koombooloomba, Feb 2003, 
Gray 8439 (CANB); Paluma, Apr 2003, Field 
Cairns (BRI). SOUTH KENNEDY DISTRICT: Eungella, Jan 
1994, Pollock 127 & Pearson (BRI); Eungella, Feb 2005, 
Field ARF888 & Field (BRI); Crediton, Jun 2001, Ford 
AF2871 (BRI, QRS).

Distribution and habitat: Huperzia 
tetrastichoides is an uncommon canopy 
epiphyte of upland notophyll vineforest from 
Mt Finnigan at c. 15º50’S, south to the Clarke 
Range west of Mackay at c. 21ºS (Map 1). It 
is most prevalent on the Evelyn, Atherton and 
Mt Carbine Tablelands and descends to lower 
altitudes in Mossman Gorge. No specimens 
have been recorded from outside Australia 
thus it is considered endemic to the Wet 
Tropics of Queensland.

Notes: Huperzia tetrastichoides has 
carinate, triangular to ovate microphylls 
that are orthostichous in four rows, whereas 
H. prolifera

heterostichous microphylls (Fig. 1A–B, G). 
Huperzia tetrastichoides resembles the 
Malesian species Huperzia tetrasticha 
(Fig. 1E–F) but differs from it by having 
divergent rather than uniformly adpressed, 
imbricate lycophylls (Fig. 1C–D). Huperzia 
tetrastichoides resembles the endemic 
Australian species Huperzia marsupiiformis 
(D.L.Jones & B.Gray) Holub and Huperzia 
lockyeri (D.L.Jones & B.Gray) Holub. It 
differs from Huperzia marsupiiformis by 
having carinate, triangular-ovate, acutely 

lycophylls and from H. lockyeri by having 

are quadrangular throughout rather than terete 
in some parts.

Conservation status: Currently listed as 
vulnerable under the Queensland Nature 
Conservation Act 1992.

Etymology:
the similarity of this species to Huperzia 
tetrasticha; it is formed from the epithet 
tetrasticha based on the Latin tetra, four of, 
and stichos, a row or line of things, and the 

like or resembling.

Common name: This species is commonly 
known as the ‘bootlace tassel fern’ or the 
‘Queensland square tassel fern’ in the nursery 
trade.

Key to Australian Huperzia

1 Plants with erect fertile shoots  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2
1. Plants with pendant or nodding fertile shoots   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3

2 Lycophylls entire; bulbils present in lycophyll axils  . . . . . . . . . . . . . H. australiana
2. Lycophylls serrate; bulbils lacking  . . . . . . . . . . . . . . . . . . . . . . . . . H. serrata

3 Shoots homophyllous; sporophylls spreading widely   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4
3. Shoots heterophyllous; sporophylls adpressed  . . . . . . . . . . . . . . . . . . . . . . . . 5

4 Shoots glaucous blue grey; lycophylls lanceolate   .  .  .  .  .  .  .  .  .  .  .  .  .  H. dalhousieana
4. Shoots glossy green; lycophylls linear-lanceolate  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . H. squarrosa

5 Strobili 1–2 mm thick . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
5. Strobili 3–5 mm thick . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

6 Lycophylls sessile, decurrent in four distinct rows . . . . . . . . . . . . H. phlegmarioides
6. Lycophylls petiolate, not decurrent in four distinct rows . . . . . . . . . . . H. phlegmaria
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7 Lycophylls thin and linear, margins minutely serrate  .  .  .  .  .  .  .  .  .  .  .  .  .  .
7. Lycophylls lanceolate to ovate, margins entire . . . . . . . . . . . . . . . . . . . . . . . . 8

8 Lycophylls carinate or cupped in cross section . . . . . . . . . . . . . . . . . . . . . . . . 9
8.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

9 Basal lycophylls triangular-ovate, arranged in four rows; lycophylls and
sporophylls thin and coriaceous  . . . . . . . . . . . . . . . . . . . . H. tetrastichoides

9. Basal lycophylls lanceolate, arranged in more than four rows; lycophylls
and sporophylls thick and succulent  . . . . . . . . . . . . . . . . . . . . . . H. carinata

10 Lycophylls with obtuse apices   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . H. marsupiiformis
10. Lycophylls with acute apices  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

11  . . . . . . . . . . . . . H. lockyeri
11. Sporophyll apices obtuse to acute and recurved; stems woody   .  .  .  .  .  .  .  .  .  .  . H. varia
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