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Abstract

 A brief history of Fijian cryptogams, including bryophytes, ferns and lycophytes, and lichenised 
fungi, is provided. Brief comments on the future prospects for the systematics and conservation 
of these groups of organisms are provided. An overview of the six Fijian contributions is also 
provided. In contrast to many other biodiversity hotspots, the current study highlights our 
limited floristic knowledge of the Fijian cryptogams.

Introduction

The current issue of Telopea (volume 13, part 3) is dedicated to bryophytes, ferns and 
lycophytes, as well as lichenised fungi from the islands of Fiji. These organisms all share 
the common feature of being spore-bearing and traditionally their members have 
been classified together and referred to as cryptogams. Although cryptogams do not 
form a natural monophyletic group, they do share many ecological and physiological 
traits, and are typically found together in moist habitats. For example, lichens and 
bryophytes are relatively small organisms (when compared with most land plants) that 
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often produce species-diverse mats over rock, soil, and tree bark; they are poikilohydric 
and can survive periods of drought in non-metabolic stages (Bates & Farmer 2002, 
Cornelissen et al. 2007). Bryophytes, ferns and lycophytes as well as lichenised fungi are 
of ecological significance in a variety of ecosystems, and participate in key ecological 
functions such as erosion prevention, plant succession, production of phytomass, 
decomposition, and are primary producers in the cycling of carbon and nitrogen (Page 
1979; Pócs 1980; Longton 1984, 1992; Coxson et al. 1992). Many of these organisms 
contain compounds with useful biochemical properties such as anti-microbial, anti-
fungal, cytotoxic, insect anti-feedant, and muscle relaxing activity (Soeder 1985; 
Asakawa 1995, 2004). As a source of food and building material, ferns are an important 
component of Fijian culture. Some notable examples include the use of Cyathea in 
the construction of huts (Bure), and the consumption of palatable ferns (Ota) such 
as Acrostichum aureum, Coniogramme fraxinea, Diplazium spp. and Tectaria degeneri 
(Parham 1972).

Lichens are classified as fungi (predominately ascomycetes, Nash 2008) whereas 
bryophytes are related to vascular plants, including ferns and lycophytes (Kenrick 
& Crane 1997). Neither lichens nor bryophytes are monophyletic. Lichens are a 
polyphyletic assembly of heterogeneous clades (e.g. Lutzoni et al. 2001, Miadlikowska 
et al. 2006, Schoch et al. 2009). For bryophytes, there is a broad consensus that its 
members are a paraphyletic grade of several distinct lineages; i.e. Marchantiophyta 
(liverworts), Anthocerotophyta (hornworts), and Bryophyta (mosses) (e.g. Mishler 
& Churchill 1984, Kenrick & Crane 1997, Shaw & Renzaglia 2004, Qiu et al. 2007). 
Similarly, those plants historically classified as ‘pteridophytes’ and ‘ferns and fern 
allies’represent a paraphyletic assemblage, including the lycophytes, horsetails, whisk 
ferns, and all eusporangiate and leptosporangiate ferns (Smith et al. 2006).

Mittermeier et al. (2005) identified all the islands of Micronesia and Polynesia, 
including the islands of Fiji, as one of 35 global biodiversity ‘hotspots’, often referred to 
as the Polynesia-Micronesia hotspot. Conservation International (http://www.wdpa.
org, accessed 16 Aug 2011) considers the Polynesia-Micronesia hotspot the epicenter of 
the current global extinction crisis. Geographically, the islands belong to Melanesia, a 
subregion of Oceania, which includes New Guinea, the Solomon Islands, Vanuatu, New 
Caledonia and Fiji but phytogeographically some regard the Fiji group as belonging 
to Eastern Melanesia with an obvious transition towards Polynesia(Mueller-Dombois 
& Fosberg 1998). The Fiji Islands comprise a mountainous archipelago of over 300 
islands of varying sizes, in the tropical south-west Pacific with a land area of 18 376 
km2, approximately half of which is covered in rain forest (DoE 1997, Heads 2006). The 
tropical moist forests of Fiji contain the richest and most distinct natural communities 
of all the oceanic islands of the Pacific, with the exception of New Caledonia (World 
Wildlife Fund), and more than 60% of the Fijian seed plant flora is considered endemic 
(Watkins 1994, Heads 2006). Fiji has a complex geology, which is determined by its 
position between two subduction-zones of opposite polarity, the Vanuatu and Tonga 
Trenches, in what is currently a region of transform faulting (Heads 2006). 

The distribution of many Fijian species can be localised to single islands or mountains, 
this being a factor regarding vulnerability to human disturbance (Davis et al. 1995).
Loss and/or degradation of characteristic ecosystems such as mangroves and lowland 
rainforest is a consequence of years of logging and land clearing to make way for 
plantation forests, other agricultural practices, and human habitation (Watling 
& Chape 1992). Keppel (2005) suggested that there is much to learn regarding the 
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composition and distribution of plant communities in many areas of Fiji, the urgency 
of which is compounded when one considers only 1.4% of Fiji is under some form 
of environmental protection (World Database on Protected Areas, http://www.wdpa.
org, accessed 16 Aug 2011). However, the situation is even worse for bryophytes and 
lichenised fungi. The lack of comprehensive baseline data is exemplified by the total 
absence of data for bryophytes and lichens in the National Report prepared by the 
Fijian Department of the Environment (DoE 1997), along with subsequent reports 
as part of the Convention on Biological Diversity, despite data being produced for 
vascular plants, invertebrates, birds, and animals.

Brief history of cryptogam exploration

The Fijian islands were not visited by the British and French expeditions of the 18th and 
early 19th centuries (Brownlie 1977). The earliest major western botanical exploration 
was by the United States Exploring Expedition in 1840 (Brownlie 1977), which was 
largely prompted by a desire to obtain information on the South Pacific, an area that 
was rapidly becoming of interest to American traders and whalers (Engel & Glenny 
2008). As noted by Brownlie (1977), none of the explorers in the 18th century, and very 
few in the early 19th century limited themselves to the study of particular plant groups; 
thus ferns along with other cryptogams were included due only to the non-specific 
nature of the botanical collecting. One of the earliest and most significant floristic 
works devoted to Fiji was Flora Vitiensis which was published in ten parts (with colour 
plates by Walter H. Fitch) and included many new plant genera and species (Seemann 
1865–1873). German botanist Berthold Carl Seemann produced the first issue in 1865; 
nine parts were written by him, but unfortunately Seemann died before the completion 
of the tenth part, in which he intended to deal with the cryptogamic plants. The final 
part was instead authored by W. Carruthers (ferns), J. M. Crombie (lichens) and W. 
Mitten (bryophytes) and issued in 1873 (Stearn 1963).

Bryophytes — Very few publications have focused solely on bryophyte collections 
from Fiji, especially when compared to all other land plant groups. Moreover, there 
have been very few bryophyte collections made in Fiji since the end of the Second 
World War (after 1945).

Based on 1840 collections made by W.D. Brackenridge, the botanist of the United States 
Exploring (Capt. C. Wilkes) Expedition, Schultze-Motel (1974) noted that the earliest 
published records of Fijian mosses are apparently those of Sullivant (1854, 1859). 
Other early collections were made by W. Milne (of the Herald expedition under Capt. 
Denham) in 1856 and by Seemann and Graeffe (c. 1860). All these were incorporated 
into Mitten’s (1873a) treatment of the mosses in Seemann’s Flora Vitiensis. In the 
20th century, Lillian Gibbs (as quoted by Dixon & Greenwood, 1930) reported on 
montane mosses collected in 1907 from near Tomanivi (Mt Victoria), Viti Levu. From 
1917 onwards significant collections from Viti Levu, Vanua Levu, and Ovalau Islands 
were made by William Greenwood. Greenwood’s collections, together with those of a 
number of less prolific collectors, were summarised in the still useful paper by Dixon & 
Greenwood (1930) and, after Dixon’s death, Greenwood (1945) presented a subsequent 
paper. Collections by A.C. Smith, made mostly from out-lying islands between 1933 and 
1948, O. Degener’s collections of 1940–41, and some residual Greenwood collections 
formed the basis of a series of papers by the American bryologist E.B. Bartram spanning 
more than two decades (e.g. Bartram 1936, 1948, 1956). These publications form the 
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core of our current knowledge of the islands’ moss flora. They were incorporated into 
both Katalog der Laubmoose von Melanesien (Schultze-Motel 1974) and A preliminary 
list of Fijian mosses (Whittier 1975). Whittier’s list, compiled from literature reports, 
recorded 306 species and varieties in 106 genera from Fiji. Prodromus Florae Muscorum 
Polynesiae (Miller et al. 1978) also incorporated literature records from Fijian islands. 
It also included an extremely useful key to the genera recorded from its wide area 
of coverage. Eddy’s (1988, 1990, 1996) uncompleted series, A Handbook of Malesian 
Mosses, flora is another valuable resource for the study of Fijian mosses.

Subsequent Fijian collections seem to have been primarily by M. Higuchi and Z. Iwatsuki 
in 1982 and 1991–92 (see Matsui & Iwatsuki, 1993) and S. & T. Pócs in 2003. A few of 
Pócs’ collections are cited in Pócs et al. (2011, this issue) but many of them remain 
unstudied. Valuable collections made during trips (Fig. 1, Table 1) by authors of the 
current paper, i.e. E. Brown, M. Renner, M. von Konrat, J. Braggins, A. Fife and others 
have also yet to be critically revised, but initial processing indicates many novelties. 
The Fijian moss flora remains extremely poorly collected and a very large fraction of 
the species recorded in the past have not yet been critically evaluated. Bartram’s (1936) 
opinion that “further explorations, especially in the higher regions of central Viti Levu” 
would expand this number considerably remains true today. This is evident with Fife & 
Naikatini (2011, this issue) recording nine new distributional records for Fiji.

Many of the earliest publications of Fijian liverworts and hornworts were based on 
collections made by Brackenridge, Milne and Graeffe. Mitten (1861, 1862) described a 
few new species from Fiji, and afterwards provided a more detailed treatment as part of 
Flora Vitiensis (Mitten 1873b). Later, Jack and Stephani (1894) described several new 
species based on collections made by Graeffe. Gibbs (1909) reported on 21 liverworts 
and 2 hornworts from Viti Levu, thus adding many new records to Fiji.

The last significant report on Fijian liverworts and hornworts was produced by 
Campbell (1971), and was based on collections made by A.C. Smith and W. Greenwood. 
At that time, Campbell stated that there were still few collections from Fiji, and hoped 
her work would provide an impetus for further studies. Miller et al. (1983) published 
a comprehensive checklist of liverworts and hornworts from the tropical islands of 
the Pacific, including those of Fiji. This work was based on a compilation of literature 
and served as a first step towards making knowledge about Pacific island bryophytes 
more accessible. Miller et al. (1983) concluded that the bryophyte flora of the tropical 
Pacific islands was poorly known and much work remained to be done to produce 
a useful Flora for the region. There does exist a scattering of publications that have 
included collections from Fiji as part of other broader geographical, monographic 
and revisional studies (e.g. the series of papers published by H. Hürlimann on the 
Hepaticae of Southern Pacific in 14 parts between 1960 and 1998; Eddy 1988, 1990, 
1996; Hattori 1985; Iwatsuki & Suzuki 1996; Matsui & Iwatsuki 1993; Schuster & Engel 
1985; Thiers 1993; So 2002; von Konrat et al. 2006), but these only cover a fraction of 
the flora represented in the region. 

Ferns and lycophytes — Early works included those of W. Carruthers who provided 
a synopsis of the ferns, in Seemann’s Flora Vitiensis, and Brackenridge (1854) who 
provided an enumeration and description of all the ferns collected during the voyage 
of the United States Exploring Expedition between 1838 and 1842. Brownlie (1977) 
noted that Brackenridge reported almost half of the now known flora, which was 
remarkable considering the difficulties of inland travel at that time. Brownlie (1977) 
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provided a detailed discussion of the different periods of botanical expeditions, major 
publications of pteridophytes relating to Fiji and a comprehensive treatment of the 
group. He treated substantially, c. 30%, more taxa than Copeland (1929) had dealt with 
(Godley 2000). Since publication of Brownlie’s work, 29 species have been added to 
the Fijian fern flora (Brownsey & Perrie 2011, this issue). During the last 25 years, as 
in bryology and lichenology, there have been few publications devoted to ferns of Fiji, 
and many have been part of larger treatments. Some noteworthy publications during 
that time include Parris (1994), Kramer & Zogg (1988), Kato (1984), Gardner (1997) 
and Brownsey (1987).

Lichenised fungi — Crombie noted that it was regrettable that the few botanical 
collectors who had visited Fiji, as in many other regions at the time, “paid so little 
attention to this interesting class of cryptogams” and that a “rich harvest awaits the 
researchers of future collectors” (Seemann 1865–1873). Indeed, over 140 years later the 
lichen flora of Fiji remains extremely poorly known (Lumbsch et al. 2011b, this issue). 
Very early works on lichens in Fiji include Crombie’s enumeration of seven lichen 
species as part of Seemann’s Flora Vitiensis (1865–1873)¸ and Krempelhuber (1868) 
who listed several species in a paper on lichens from the South Pacific with a later 
record of additional species from Fiji (Krempelhuber 1873). Over recent years, only a 
few studies have focused specifically on Fijian lichens (Archer 2004, Elix 2001, Lücking 
et al. 2010, Lumbsch et al. 2009, McCarthy & Elix 2000, Molho et al. 1981). A recently 
updated checklist of Fijian lichens includes data on 159 species (Elix & McCarthy 1998, 
2008).

Enduring impediments

For many groups of organisms there exists a large amount of nomenclatural and 
distributional data dispersed throughout the literature, as well as undatabased and 
undocumented information. Together with the lack of critical evaluation of specimens, 
this presents a major impediment for the documentation and analysis of species 
richness and distribution patterns, and conservation research at both regional and 
global scales (von Konrat et al. 2008). However, for some organisms, there has been 
a strong effort toward synthesizing this information, e.g. http://www.mycology.net — 
an internet portal for scientists presenting information about the diversity of fungi, 
and the Early Land Plants Today (ELPT) project — an international consortium of 
scientists working towards uniting biological data for liverworts and hornworts (von 
Konrat et al. 2010). 

Two kinds of error are often associated with early exploration of the Pacific (and other 
tropical areas). These have, on occasion, been propagated in the literature by subsequent 
regional treatments. First, many taxa were identified uncritically as European taxa 
under various names that are still the basis for many reports, although some have 
subsequently been rejected. For example, Riccardia chamedryfolia is a boreal taxon 
reported from many areas of the tropics including the Pacific. It was reported from 
Fiji by Schiffner (1890; as Aneura pinnatifida) but that is now rejected (Söderström et 
al. 2011, this issue). However, for several other taxa, we do not know what they really 
represent, since we lack recent studies for the area (e.g. Aneura pinguis; Söderström et 
al. 2011, this issue). Secondly, participants on several early expeditions were not very 
exact in labelling their collections and many specimens now bear erroneous locality 
details. For example, William Milne who was the botanist collecting on the HMS 
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Table 1. Brief description of general area and elevation providing an impression of 
major collecting sites discussed in Fife & Naikatini (2011), Lumbsch et al. (2011b) and 
Pócs et al. (2011), (all this issue). Precise locality details are provided in the above 
papers.

Site 
no.

See authors  
(this issue)

Island Year  
collected

Brief description of general area and  
elevation (elev.)

1 Pócs et al. Viti Levu 2003 Margin of Nausori Highlands, secondary 
submontane rainforest, 600–620 m elev.

2 Pócs et al. Viti Levu 2003 Southern coast (“Coral Coast”), coastal forest 
vegetation and lowland fragmented forest, sea 
level to 60 m elev.

3 Pócs et al. Viti Levu 2003 North-eastern coast, mosaic of dry semi-
deciduous forest, mangrove forest, sea level to 60 
m elev.

4 Fife & Naikatini  
Lumbsch et al.  
Pócs et al.

Viti Levu 2003,  
2008

Central Highlands, Rairaimatuku Plateau, 
Monasavu area, Alphitonia–Homalium–
Metrosideros–Scaveola–Cyathea cloud forest with 
emergent Dacrydium, 900–1050 m elev.

5 Pócs et al. Viti Levu 2008 Naquaranibuluti Nature Reserve, track to Mt 
Lomalagi, mesic and dry evergreen forest with 
emergent Podocarpus neriifolius and Agathis 
vitiensis, 875 m elev.

6 Fife & Naikatini Viti Levu 2007 Mt Korobamba, lower slopes, partly shaded 
volcanic rock in moderately disturbed lowland 
rainforest with Spathodea, Ficus, Cyathea, and 
Dicksonia, 75 m elev.

7 Fife & Naikatini Viti Levu 2007 Headwaters of the Nabukavesi R., second-growth 
lowland rainforest dominated by Trichospermum 
and Endospermum, with Cyathea and Angiopteris 
understorey, c. 100 m elev.

8 Fife & Naikatini Viti Levu 2007 Mt Voma, exposed vertical basalt rock face, 
seepage areas, 800 m elev.

9 Pócs et al. Taveuni 2003 SE coast, Wainisari Beach near estuary of 
Wainibau Stream, rocky (volcanic) coastal forest 
with tree-ferns, intercropped by Cocos nucifera). 
4–10 m. elev.

10 Pócs et al. Taveuni 2003 Vicinity of Tavoro Waterfall, cultivated area and 
degraded lowland rainforest, 10–100 m elev.

11 Fife & Naikatini 
Lumbsch et al.  
Pócs et al.

Taveuni 2008 NW slope of Des Voeux (Devo) peak, montane 
mossy forest, 900–1100 m elev.

12 Pócs et al. Kadavu 2003 Central part of island, along the Namara Road, 
slopes of secondary lowland rainforest on lilac 
volcanic soil, 120–165 m elev.

13 Pócs et al. Kadavu 2003 Western part of island, slopes and summit of 
Koroniquala Hill, mesic submontane rainforest 
with tree-ferns, 250–370 m elev.

14 Pócs et al. Vanua Levu 2006 Coastal mangrove forest, on the outskirts of 
Labosa, sea level–5 m.

15 Pócs et al. Vanua Levu 2006 Waisali Dakua National Trust Forest Reserve, 
dominated by Agathis macrophylla, to 450 m 
elev.
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Fig. 1. An overview of major sites on the islands Viti Levu, Vanua Levu and Taveuni visited 
between 2003 and 2008 by bryologists and lichenologists in the current issue. See Table 1 for a 
brief description of general area and elevation. Inset of Oceania.

N
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Challenger expedition (1872–1876) that made several visits to Fiji was “apparently a 
keener collector than he was presser, labeller and cataloguer of plants during the voyage, 
a fact that probably contributed to his forced resignation at the instigation of Hooker” 
(Meagher 2003). One example of a report that is probably misplaced is the type of 
Sphagnum weberi Warnst., said to come from Samoa, but there is no locality there to 
fit the labelling. It seems most likely that the specimen is not from Samoa and could 
actually be from New Guinea (Séneca & Söderström 2011, this issue). Another problem 
is the frequent confusion of islands and archipelagoes by the botanists who identified 
the plants, but had never been to the Pacific and were unfamiliar with the region. 
Common examples of this kind of confusion are the locality details ‘Samoa, Ovalau’, 
which confuses a Fijian island with the Samoan archipelago, or even worse, ‘Fiji, Oahu’, 
which confuses a Hawaiian Island with the Fijian archipelago. The latter case might be 
explained if ‘Oahu’ is actually a misprint of ‘Ovalau’, a Fijian Island. Another example is 
that Mitten (1873a, b) sometimes refers to Hawaii as the Sandwich Islands, and other 
times as Hawaii, suggesting that he did not know that they are the same.

Prospects for the future

It is clear that Fijian ferns, bryophytes, and lichenised fungi have been overlooked 
historically, compared to seed plants, birds, and other organisms in Fiji, forming 
a remarkable gap in the flora of Fiji. Moreover, the state of our floristic knowledge 
of these organisms is deficient compared to many other biodiversity hotspots and 
other ecologically significant areas of the globe. This is particularly alarming as 
Conservation International identified the islands of the South Pacific as the “epicenter 
of the global extinction crisis”, largely because of the high proportion of extinct species 
and habitat loss (http://www.conservation.org/where/priority_areas/hotspots/asia-
pacific, accessed 16 Aug 2011). The flora of the Fijian islands has also received very 
little attention in comparison to the two developed countries of the South Pacific — 
Australia and New Zealand — as well as other large islands in the region, e.g. New 
Caledonia. Dedicated study of cryptogams from Fiji would thus increase the regional 
knowledge of these elements of the flora. 

The immediate future looks promising as several international and national agencies 
have recently identified and financially supported the critical need to investigate these 
organisms, e.g. Conservation International, National Geographical Exploration and 
Research, the New Zealand Agency for International Development and the Warwick 
Foundation. Funding opportunities also present a strong foundation to develop and 
foster capacity building with Fijian scientists, which is essential to the long-term 
sustainability of documenting the biodiversity of cryptogams across the islands. It 
seems evident from the 180 new records, and the recent discovery of species new to 
science, that the islands of Fiji require further botanical exploration (e.g. Pócs 2008a, b; 
Pócs et al. 2011, this issue; Lumbsch et al. 2010, 2011b, this issue). 

Their vast morphological diversity, phylogenetic importance, and key roles in the 
ecosystems of the world, make bryophytes, lichens and ferns useful objects of study in 
many interesting and new avenues of study. Continued field programs and collecting 
activities focused on these organisms will have broad ramifications. Carefully designed 
research in Fiji has the potential to serve as a model for similar survey work in other 
islands of the South Pacific, help develop local scientific expertise, and greatly facilitate 
study of these organisms beyond taxonomy and biodiversity, such as their application 
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to conservation. Development of local scientific expertise and capacity-building will be 
particularly important in enhancing research on these overlooked organisms. Training 
of, and collaboration with, scientists in Fiji will enable them to make scientifically 
informed assessments of different ecosystems, and contribute to training programs in 
applications of these organisms to conservation science. The islands of Fiji represent 
areas of varying geological ages and history and provide a promising venue for the 
study of biogeographical patterns of selected cryptogam groups. Bryophyte species 
composition and their distribution over time have been used in the past to determine 
the size and shape of forest patches necessary for the maintenance of interior forest 
conditions (Sillet et al. 1995) and as potential indicators of large scale changes to an 
ecosystem (Gignac 2001). Field programs in Fiji could also contribute to exploring 
the functional role of cryptogams in tropical ecosystems, their use and application as 
bioindicators of forest degradation, land use change, and conservation.

Synopsis of current issue

The lack of data for cryptogams in Fiji is significant and thus the papers presented 
in this issue of Telopea are of particular importance. The issue contains six papers 
on Fijian cryptogams, two focused on mosses, two on liverworts and hornworts, one 
devoted to ferns and another to lichenised fungi. Séneca & Söderström on Sphagnum, 
provide an overview of the six taxa recorded for the Pacific Islands (two from Fiji) and 
there is a report on 17 interesting mosses from Fiji by Fife, including new distributional 
information for nine species. Pócs et al. provide a report of 48 species of liverworts new 
to the Fiji Islands and new island distributions for an additional 39 taxa. Söderström 
et al. provide a detailed and comprehensive checklist of liverworts and hornworts 
including 289 taxa, with annotations and notes; a vital entry point to assess the 
biodiversity of these organisms in all future studies. An annotated and revised checklist 
of 331 species of Fijian ferns and lycophytes is presented by Brownsey & Perrie, the first 
updated checklist published in over three decades. Lumbsch et al. report 66 lichenised 
fungi species from the Fijian archipelago for the first time, including a remarkable 19 
additional genera. Diagnostic features and distribution areas are given for each species. 
We anticipate the issue will contribute to further research as well as assisting more 
students in the study and enjoyment of these intriguing organisms.

Two papers on Australian bryophytes also provide an interesting perspective on 
the state of knowledge in a more resourced and studied country from the region. 
Ramsay summarises current knowledge on meiotic chromosome numbers; some 180 
collections, comprising 80 species in 57 genera of Australian mosses. Renner provides 
valuable range extension and new records for seven taxa of Lejeuneaceae.
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