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Among more than 800 pteridophyte (infra)species in Taiwan, 169 of them are threatened, and 38 are 14 critically endangered, 9 
endangered, and 15 vulnerable species locate outside of nature protected areas. The threatened species are facing high risk of 
disappearance due to human activities and habitat destruction. Ex situ conservation of them, therefore, is most urgent and 
important. Present article reviews the work done on spore storage, sporophyte vegetative propagation, and gametophyte 
reproduction in order to help in understanding their reproduction biology as well as to promote the cultivation technology and 
ex situ conservation.
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There are more than 800 (infra)species of pteridophytes were collected from databases, including 1,882 specimens 
(including lycophytes and ferns) in Taiwan (Knapp and Hsu deposited in four main herbaria (TAI, TAIF, HAST, and TNM) 
2017, Kuo et al. 2019). Some of them are critically endangered in Taiwan and 233 field observations from two national 
(CR), endangered (EN), or vulnerable (VU). According to biological resource inventory projects, i.e., National Vegetation 
the recent red list of vascular plants of Taiwan (Editorial Mapping and the Survey of Invasive Alien Plants, implemented 
Committee of the Red List of Taiwan Plants, 2017), 169 species during 2003–2008 and 2009–2012, respectively. The metadata 
of pteridophytes, of 27 families, and 74 genera, are classified as on each specimen was georeferenced according to 
threatened, with 42 CR, 42 EN, and 85 VU species. geographical coordinate noted by the collector. The specimens, 

their locality of collection without geographical coordinates, To preserve these valuable pteridophytes for sustainable 
were assigned by consulting the databases and archives of place use, both in situ and ex situ conservation are necessary. In 
names and online maps. In case it was difficult to consult the Taiwan there are five types of nature protected areas, i.e., 
locality, metadata of that specimen was eliminated from present Nature Reserve, National Park, Natural Protected Area, 
study. Specimens in duplicate were treated as a single Wildlife Refuge, and Major Wildlife Habitat. Each of them is 
collection. Finally, a total of 2,115 occurrences were compiled managed by different governmental department following 
into a GIS database for analyses.corresponded laws. Plants growing in those natural shelters 

are appropriately protected and therefore, are not damaged by Maps of five types of protected areas were incorporated 
human activities. On the other hand, those threatened species into our GIS database as the reference intersects with the 
growing outside the protected areas are prone to destruction by occurrences of threatened pteridophytes. Results of the 
human activities. Therefore, ex situ conservation for their geospatial analysis were used for determining the species 
survival should be given high priority. exposed outside of those five nature protected areas. The 

In the present article, the threatened ferns and statistical analyses were carried out by ESRI ArcGIS 10.5 
lycophytes of Taiwan listed in the Editorial Committee of the based on WGS 1984 geographical coordinate system.
Red List of Taiwan Plants (2017) have been reviewed. This Numbers and Distribution—After overlaying the distribu-
was followed by the identification of threatened pteridophytes tion of those 169 threatened pteridophytes on protected area 
growing outside nature protected areas which are not 

map, 38 species, belonging to one lycophyte and 37 ferns with 
protected by the Taiwanese government. Finally, the literature 

14 CR, 9 EN, and 15 VU (Table 1) are located outside all 
on reproductive biology is reviewed and our unpublished data 

nature protected areas (Fig. 1). In Taiwan, most protected are provided to enhance our knowledge of their mode of 
areas were set along the Central Mountain Range that mainly propagation and ex situ conservation.
covered forests of middle and high elevations. Low-elevation 

THREATENED FERNS AND LYCOPHYTES IN habitats were usually poorly sheltered such as forest edges in 
TAIWAN the western and northern hills, the north coasts, and the Orchid 

islet isolated from Taiwan. In other words, these 38 species Location determination—The list of threatened pterido-
exposed on a high threatened risk because of no law phytes was prepared with the help of The Red List of Vascular 
preventing their habitat damage and/or human activities and Plants of Taiwan, 2017 (Editorial Committee of the Red List of 
therefore need to be conserved ex situ as a first priority. Taiwan Plants 2017). Data on these threatened pteridophytes 

 



Fig. 1— Overlay of the occurrence of threatened pteridophyte species with five types of protected areas of Taiwan (A, C, E, G) and their altitudinal 
distribution (B, D, F, H). A & B, a total of 169 threatened species. C–H, distribution of threatened species outside of protected areas: C & D, 14 critical 
endangered (CR) species. E & F, 9 endangered (EN) species, and G & H, 15 vulnerable (VU) species. Solid circles: occurrences on protected areas; 
open circles: the occurrences outside of protected areas. Letter and number in C, E, & G  represent occurrence spots of species following Table 1. 
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Table 1– Species list of the 38 pteridophytes which completely inhabit EX SITU CONSERVATION STRATEGIES, ASPECT OF 
outside of protected areas in Taiwan. *: Letter and number in REPRODUCTIVE BIOLOGY 
parentheses correspond to the occurrence spots in Fig. 1.

Sporophyte vegetative propagation—Sporophytes of some Scientific name Category
ferns have nutritive organs, such as bulbil, tuber, stipule, roots, 

Asplenium crinicaule Hance CR (C1)*
which can be used to propagate into new plantlets (Chen et al. 

Crepidomanes bipunctatum (Poir.) Copel. CR (C2) 2003). Among those 38 species of threatened ferns in Taiwan, 
Crepidomanes parvifolium (Baker) K.Iwats. CR (C3) Ptisana pellucida (CR) has stipules, which can be used for its 

vegetative cultivation (Huang et al. 2011b). Marattiaceae is an Haplopteris heterophylla C.W.Chen, Y.H.Chang & Yea C.Liu CR (C4)
ancient lineage, and many species of this family are faced with Lepisorus mucronatus (Fée) Li Wang CR (C5)
threatened situation. Spore cultures for this family members 

Microlepia platyphylla (D.Don) J.Sm. CR (C6)
take time (Chou et al. 2007), whereas stipule cultures are 

Oreogrammitis marivelesensis (Copel.) Parris CR (C7) relative time economic (Chiou et al. 2006, Huang et al. 2011b) 
Plagiogyria koidzumii Tagawa CR (C8) and worth to be applied. Sporophytes of Savinia satans (CR) 

are also found that by means of budding or fragmentation they Pteris dimorpha Copel. var. metagrevilleana Y.S.Chao, 
H.Y.Liu & W.L.Chiou CR (C9) can rapidly increase its population in the field (Gałka and 

Szmeja 2013, Szmeja and Gałka 2013), and this traits are Pteris wulaiensis C.M.Kuo CR (C10)
successfully applied to culture and conserve this species in 

Ptisana pellucida (C.Presl) Murdock CR (C11)
water tanks (Luo et al. 2014). 

Radiogrammitis ilanensis T.C.Hsu CR (C12) Horizontal rhizomes also could be used to propagate new 
Salvinia natans (L.) All. CR (C13) plants (Tones 1987, Olsen, 2007, Chen et al. 2003). Cutting 

those rhizomes into 3–5 cm pieces, which are moved and Vaginularia trichoidea Fée CR (C14)
buried under moist media, new plantlets from those pieces Arachniodes chinensis (Rosenst.) Ching EN (E1)
could produce giving a proper growing condition. This 

Asplenium pifongiae L.Y.Kuo, F.W.Li & Y.H.Chang EN (E2)
method could be applied to those ferns with horizontal 

Chrysogrammitis glandulosa (J.Sm.) Parris EN (E3) rhizomes, such as Lepisorus mucronatus (CR), Davallia 
Davallia pectinata Sm. EN (E4) pectinate (EN), Phymatosorus longissimus (EN), and 

Selliguea taeniata (VU). Hypolepis pallida (Blume) Hook. EN (E5)
Some Selaginella species produce bulbils on the distal 

Phymatosorus longissimus (Blume) Pic.Serm. EN (E6)
end of erect stems, but no bulbil occurs on S. lutchuensis (EN). 

Selaginella lutchuensis Koidz. EN (E7) Although not documented yet, its creeping stems is suggested 
Stegnogramma pozoi (Lag.) K.Iwats. EN (E8) to be used to propagate new individuals by cutting or layering, 

as shown in other Selaginella species (Tones 1987, Olsen Dryopteris kinkiensis Koidz. ex Tagawa EN (E9)
2007, Otreba and Gola 2011, Jaruwattanaphan et al. 2015).Antrophyum henryi Hieron. VU (V1)

Although lacking heterogenetic ramet offspring generated 
Bolbitis scalpturata (Fée) Ching VU (V2)

by vegetative organs, those offspring could be transplanted to a 
Cleistoblechnum eburneum (Christ) Gasper & Salino VU (V3) botanical garden or conservation center. Spores could be 

Didymoglossum bimarginatum (Bosch) Ebihara & K.Iwats. VU (V4) harvested when mature from those “stock” plants and cultivated 
(see below) to get heterogenetic descendants. For species if no Diplazium ketagalaniorum T.C.Hsu VU (V5)
efficient method to produce their offspring artificially, a number 

Diplazium kuoi T.C.Hsu VU (V6)
of self-assessment individuals in the nature could be trans-

Dryopteris decipiens (Hook.) Kuntze VU (V7) planted to grow in a proper way to serve as such stock plants. 
Hymenophyllum pilosissimum C.Chr. VU (V8) Gametophyte cultivation—Pteridophytes mainly reproduce 

by gametophytes, which are derived from spores and thus Parahemionitis arifolia (Burm.f.) Panigrahi VU (V9)
collecting and retaining spores in high viability is relevant for Phymatosorus membranifolius (R.Br.) S.G.Lu VU (V10)
the success of the subsequent gametophyte growth.

Pteridrys cnemidaria (Christ) C.Chr. & Ching VU (V11) Spore viability—Spores may be sown in a fresh condition 
Pteris latipinna Y.S.Chao & W.L.Chiou VU (V12) or after storing for a while. In both cases, spores must be 

collected in good quality, i.e., avoiding immature or aged Radiogrammitis setigera (Blume) Parris VU (V13)

(Ballesteros and Pence 2018). Fresh immature or aged spores Selliguea taeniata (Sw.) Parris VU (V14)
have low germination rate and poor longevity during storage 

Tectaria sulitii Copel. VU (V15)
(Huang et al. 2014, Li and Shi 2015). To collect spores in an 
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optimal time, phenological studies are important (Lee et al. 2015). Among 38 Taiwanese threatened species, none of 
2018). However, no phenological monitoring has been them is categorized to cryptochlorophyllous; three grammitid 
conducted for those 38 threatened species, except Salvinia ferns, i.e., Radiogrammitis ilanensis (CR), Chrysogrammitis 
natans (Gałka and Szmeja 2013, Luo et al. 2014) and should glandulosa (EN), Radiogrammitis setigera (VU) and two 
be done earlier in future. Hymenophyllaceae species, i.e., Didymoglossum bimar-

Spore storage is an ideal method for the ex situ ginatum (VU), Hymenophyllum pilosissimum (VU), are 
conservation of pteridophytes because of the requirements of green; and reminders are non-green. Spores of 
relative small space and simple equipment and therefore Hymenophyllaceae and grammitid ferns can even germinate 
economic (Pence, 2008, Ballesteros 2011; Ibars and Estrelles within their sporangia (Stokey 1940, Stokey and Atkinson 
2012). However, spore viability is influenced by the storage 1958) and effective storage of those spores has not been 
condition, especially temperature and humidity (Gabriel y overcome. 
Galan and Prada 2011, Mikula et al. 2015, Ballesteros and Gametophyte culture—The gametophyte is a gamete 
Pence 2018). carrier for transporting gene from generation to generation. A 

Spores are frequently stored in dry and low temperature descendent sporophyte can be produced from a gametophyte 
conditions, such as in a 3–5 °C refrigerator. Eleven of 

(s) by asexual (apogamous: without the fusion of sperm and 
those threatened ferns have been stored in a fern spore bank 

egg) or sexual (fertilized by sperm and egg) reproduction. 
in Taiwan Forest Research Institute under such condition 

Nearly 10% of the ferns have been documented 
(Table 2). However the longevity of their viability has not been 

reproduced by apogamy (Grusz 2016). Among the 38 
detected and should work on it soon to ensure valid spore 

threatened pteridophytes, three Pteris taxa have been known 
available. For long-term preservation, liquid nitrogen (ca. 

reproduce by apogamy, i.e., P. wulaiensis (CR; Huang et al. –196°C) or a –80°C freezer is recommended (Ballesteros et al. 
2011a), P. dimorpha var. metagrevilleana (CR; Chao et al. 2011, 2012, Ballesteros and Pence 2018). Wet storage has 
2015), and P. latipinna (VU; Chao et al. 2017). The been documented to be more effective for maintaining spore 
apogamous reproduction is verified by a culture observation viability of some ferns than dry storage (e.g., Lindsay et al. 
for P. wulaiensis, whereas by counting spore number per 1992, Quintanilla et al. 2002, Aragon and Pangua 2004, Ko et 
sporangium, i.e., 32 spores/sporangium, for the latter two al. 2006). Unfortunately, the optimal storage condition of 
taxa.those 38 pteridophte spores has yet been studied to retain their 

Most fern sporophytes mainly produce by sexual viability.
reproduction. Three mating systems, i.e., intragametophytic Chloroplast is an intrinsic factor affecting spore viability. 
selfing, intergametopohytic selfing, and intergametophytic Pteridophyte spores could be classified into green, non-green, 
crossing, were first termed by Klekowski (1969, 1973, 1979) and cryptochlorophyllous according to the appearance of 
and have been widely used to depict fern breeding. Haufler et chlorophylls (Sundue et al. 2011). The period of viability 
al. (2016) suggest replace these terms by gametophytic sustaining of cryptochlorophyllous spores has not been 
selfing, sporophytic selfing, and sporophytic crossing, known. Compared to non-green spores, the viability of green 
respectively, to coordinate more directly with those applied to spores is shorter and germination is much faster (Stokey 1951, 
seed plants. Studies of pteridophyte reproduction are mostly Lloyd and Klekowski 1970, Raghavan 1989, Chang et al. 

Table 2– Spore list of the 11 pteridophytes in fern spore bank of Taiwan Forestry Research Institute.

Scientific name Total no. of accession No. of accession (collection years)

Microlepia platyphylla 1 1(2012)

Plagiogyria koidzumii 3 1(2004), 2(2005)

Pteris dimorpha var. metagrevilleana 3 3(2007)

Pteris wulaiensis 26 1(2002), 6(2003), 14(2005), 2(2008), 1(2009), 2(2010)

Ptisana pellucida 1 1(2010)

Phymatosorus longissimus 1 1(2010)

Stegnogramma pozoi. 1 1(2010)

Bolbitis scalpturata 1 1(1997)

Dryopteris decipiens 1(2013)

Parahemionitis arifolia 43 2(2002), 4(2003), 7(2004), 3(2005), 2(2006), 3(2007),
17(2009), 1(2014), 2(2017), 2(2018)

Pteridrys cnemidaria 1 1(2008)
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LITERATURE  CITEDfocused on homosporous ferns. There are two heterosporous 
pteridophytes among those 38 threatened ones, i.e., Aragon CF and Pangua E 2004. Spore viability under different 
Selegenella lutchuensis (the only lycophyte in this list) and storage conditions in four rupicolous Asplenium L. taxa. 
Salvinia natans. For heterosporus pteridophytes, they must Am. Fern J. 941 28–38.
reproduce through intergametophytic mating (a combined 

Ballesteros D 2011. Conservation of fern spores. In  name termed for intergametopohytic selfing and interga-
Fernandez H, Kumar A, Revilla MA (eds.) Working metophytic crossing) because their gametophytes are 
with Ferns–Issues and Applications. Springer, New unisexual. Except the three abovementioned taxa reproduce 
York.  Pp. 165–172.by apogamy, detail mating systems have not been studied for 

the other species and should be studied soon in future to Ballesteros D, Estrelles E, Walters C and Ibars AM 2011. 
guarantee their ex situ conservation. Effect of storage temperature on green spore longevity for 

Technology of spore/gametophyte culture can be found in the ferns Equisetum ramosissimum and Osmunda regalis. 
many review literatures and references therein (e.g., Nayar CryoLetters 32 89–98.
and Kaur 1962, Verma 2003, Menéndez et al. 2011, Johari and 

Ballesteros D, Estrelles E, Walters C and Ibars AM 2012. Singh 2018). However, relative less culture has been done for 
Effects of temperature and desiccation on ex situ heterosporus ferns and lycophytes. Spore/gametophyte 
conservation of non-green fern spores. Am. J. Bot. 99 culture has not been studied for any Selaginella species; where 
721–729. it has been well known for Salvinia natans (Luo et al. 2014). 

To conserve more heterogenetic progeny, sources of cultured Ballesteros D and Pence VC 2018. Fern conservation: spore, 
spores are recommended from various populations, at least gametophyte, and sporophyte ex situ storage, in vitro 
from different individual sporophytes. Through possible culture, and cryopreservation. In: Fernández H (ed.) 
intergametophytic mating (intergametopohytic selfing and Current advances in fern research. Springer, 
intergametophytic crossing; sporophytic selfing and Gewerbestrasse, Switzerland. Pp. 227–249.
sporophytic crossing) of gametophytes, conservation of 

Chang YL, Tseng MH, Chiou WL and Huang YM 2015. Effect higher genetic variability is more possible to achieve. 
of temperature on the viability, lifespan and vigour, of 

CONCLUSION chlorophyllous spores of Osmundastrum cimmamomeum 
(Osmundaceae). Fern Gaz. 20 55–64.Ferns and lycophytes (pteridophytes) contribute our 

planet on many entities, e.g., diet, decoration, medicine, Chao YS, Liu HY and Chiou WL 2015. Taxonomic revision of 
environment and provide ideal materials for studying/ the Pteris cadieri complex (Pteridaceae). Phytotaxa 230 
understanding biology, ecology, and evolution (Raghavan 130–150.
1989, Ranker and Haufler 2008, Mehltreter et al. 2010, 

Chao YS, Ebihara A, Chiou WL and Huang YM 2017. Pteris Fernández 2011). Due to undesirable human activities, several 
latipinna sp. nov. (Pteridaceae), a new species segregated ferns and lycophytes, and other living organisms have become 
from Pteris fauriei. PhytoKeys 85 95–108.rare and threatened. In Taiwan there are 131 threatened 

pteridophytes (infra)species completely/partially inhabited in Chen GM. Huang YM and Chiou WL 2003. Vegetative 
nature protected areas which provide a safe shelter for their propagation of pteridophytes. For. Res. New. 10(4) 9–13 
conservation. However, the other 38 threatened species (In Chinese).
completely growing outside of protected areas face high risk 

Chiou WL, Huang YM and Chen CM 2006. Conservation of of vanishing. In order to ensure the existence of these 
two endangered ferns, Archangiopteris simai and A. itoi threatened species, ex situ conservation is of utmost 
(Marattiaceae: Pteridophyta), by propagation from importance and urgent. The knowledge on reproductive 
stipules. Fern Gaz. 17 271–278.biology of these species is essential for their conservation. 

However, unfortunately this field has been neglected and Chou HM, Huang YM, Wong SL, Hsieh TH, Hsu SY and 
therefore, there is urgent need for studies in this area. To begin Chiou WL 2007. Observations on gametophytes and 
with the literature on cultivation technology presently juvenile sporophytes of Archangiopteris somai Hayata 
reviewed should be primilinarily applied for the propagation (Marattiaceae), an endangered fern in Taiwan. Bot. Stud. 
and conservation of these vulnerable species. 48 205–213. 
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