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ABSTRACT: In vitro culture techniques, using spores, were used to propagate the critically endangered fern 
Polystichum drepanum, in order to reinforce its known natural populations. In 1998 and 2010, a total of 194 plants of P. 
drepanum were reintroduced at Ribeira do Inferno, a historical habitat of this species and the source of the spores used 
in this research. In 2021, we observed that, only two of those plants had survived, without any indication of natural 
regeneration. Reintroduction failures and new reintroduction actions are discussed herein in order to promote the 
long-term conservation of this species.
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RESUMO: A técnica de cultura in vitro foi utilizada para propagar, através dos esporos, o feto, criticamente ameaçado 
de extinção, Polystichum drepanum, a fim de reforçar as suas populações naturais conhecidas. Em 1998 e 2010, um 
total de 194 plantas de P. drepanum foram reintroduzidas na Ribeira do Inferno, habitat histórico desta espécie e 
origem dos esporos utilizados neste trabalho. Em 2021 observamos que apenas duas dessas plantas sobreviveram, 
sem indícios de regeneração natural. Falhas na reintrodução e novas ações de reintrodução são discutidas a fim de 
promover a conservação desta espécie a longo prazo.

Palavras-chave: propagação in vitro, criticamente em perigo, feto, Polystichum drepanum, ilha da Madeira.
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INTRODUCTION

The word Polystichum is derived from the Greek 
word polys, which means many, and stichos, meaning line, 
in reference to the many rows of spores that the various 
species of Polystichum have (Jonhson & Smith, 1931). The 
genus Polystichum comprises between 160 and 200 
species (Roux, 2005). In Macaronesia (for the purposes of 
this paper, considered as encompassing the archipelagos 
of Azores, Madeira, Selvagens, Canary Islands and Cape 
Verde), this genus is represented by five taxa: Polystichum 
drepanum (Sw.) C. Presl, Polystichum falcinellum (Sw.) C. 
Presl, Polystichum x maderense J. Y. Johnson, all endemic 
to the island of Madeira (Eriksson et al., 1979; Vieira, 1992; 
Hansen & Sunding, 1993; Press & Short, 1994; Jardim & Francisco, 
2000; Jardim & Sequeira, 2008); Polystichum setiferum (Forssk.) 
T. Moore ex Woynar, with a more widespread distribution, 
occuring in Britain, Europe and North Africa (Roux, 2005) and 
which is native to the island of Madeira (Press & Short, 1994; 
Jardim & Sequeira, 2008), as well to the archipelago of the 
Azores (all islands; Silva et al., 2010) and the archipelago of 
the Canary Islands (El Hierro, La Palma, La Gomera, Tenerife 
and Gran Canaria, according to Acebes Ginovés et al., 2010); 
Polystichum aculeatum (L.) Roth, is native to the archipelago 
of the Canary Islands (La Palma, La Gomera and Tenerife, 
according to Acebes Ginovés et al., 2010). The archipelago of 
Cape Verde does not have any representative taxon from 
this genus (Sánchez-Pinto et al., 2005). There was another 
endemic taxon, formerly included under Polystichum, (P. 
webbianum) that now is treated as Arachniodes webbiana 
(A. Braun) Schelpe (Manton et al., 1987).

In the XIX century, Lowe (1851), under the specific 
name of Aspidium drepanum Sw, saw “abundant wild 
specimens” of this fern on the island of Madeira. Now, 
P. drepanum it is reportedly one of the rarest species 
worldwide (Christenhusz et al., 2017), having suffered at the 
hands of over-zealous collectors (Benl, 1971).

According to the IUCN Red List of Threatened 
Species and other authors, Polystichum drepanum is listed 
as Critically Endangered with 40-50 mature individuals 
(Jardim et al., 2006; Christenhusz et al., 2017; García Criado et al., 
2017). This species is also listed in the top 100 Management 
Priority Species for the European archipelagoes of Azores, 
Madeira and the Canary Islands, taking into account both 
their protection priority and management feasibility 
(Jardim et al., 2008). According to Jardim & Sequeira (2008), 
P. drepanum is a protected and prioritary species under 
the Bern Convention and Habitats Directive (Annexes II 
and IV), restricted to the Ocotea laurel forest (Laurissilva 

do Til), an habitat within the protected area of Madeira 
Natural Park and the European Commission legislation, 
through the Natura 2000 network, under the designation 
of “Laurissilva da Madeira”. P. drepanum has an extremely 
fragmented distribution in the valleys and slopes of the 
north coast of the island of Madeira, where it is confined to 
ravines in shady, wet places under laurel forest.

MATERIAL AND METHODS

1. In vitro propagation – Madeira Botanical Garden 
(MBG) propagated this species by sowing spores using in 
vitro techniques adapted from Chá-Chá et al. (2005).

1. 1. Spores – Fronds with ripe sporangia were 
collected from live plants of MBG (Fig. 1A), and preserved 
in paper bags, at room temperature, until sterilization. 
After a few days in the bag, the sporangia opened and 
spores are dispersed inside it.

1. 2. Sterile conditions – Petri dishes and goblets 
were sterilized for 4 h at 160 °C. Culture medium, water, 
eppendorfs, and micropippete tips were sterilized at 120 °C 
(1 atm.) for 20 min. All sowing of the spores, on the culture 
medium, were made at sterile conditions in a laminar 
horizontal flow hood.

1. 3. Spores disinfection – Spores were surface 
disinfected for 5 min. in 5% commercial sodium 
hypochlorite solution in a sterilized eppendorf, then 
washed 3 times in sterile, distilled water (disinfection 
solution and water were separated from spores by 
centrifugation at 13,000 rpm).

1. 4. Spores transfer to medium – Disinfected 
spores were resuspended in sterile distilled water; 100 µl 
of this solution, containing spores, were transferred to 
13.5x3 cm glass flasks with 10 ml of culture medium, using 
a micropipette.

1. 5. Spores culture – Spores were sown in MS 
medium (Murashige & Skoog, 1962) supplemented with 
sucrose at 20 g/l. The pH was adjusted to 5.5, before 
adding 6.0 g/l of agar. Culture medium was prepared from 
stock solution MS major salts (10x), MS minor salts (100x), 
MS vitamins (500x). Spores were kept in culture chambers, 
equipped with temperature and light control, at 20 °C ± 1 °C, 
under a 16 h/day photoperiod.

1. 6. Sporophyte induction – After spores had 
developed into prothallus [gametophyte stage], sterilized 
water was added to the glass flasks to promote fertilization 
and sporophyte growth.
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1. 7. Acclimatization – In vitro sporophyte plants 
were washed in water to remove the agar, transferred to 
pots containing a substrate consisting on peat and perlite 
(50/50 mix) and transferred to a green house at room 
temperature.

2. Reintroduction – After growth of sporophyte, 
plants in the green house with 3-year growth were 
reintroduced into natural habitat, with each individual 
fern planted in isolation.

RESULTS

In 1998, the MBG, the former Madeira Natural Park 
(now, IFCN - Instituto das Florestas e Conservação da Natureza, 
IP-RAM) and the Conservatoire Botanique National de Brest 
(CBNB) drew up an integrated conservation programme 
for P. drepanum which included in situ and ex situ actions, 
namely population reintroduction, monitoring of new 
populations, in vitro propagation, and live population 
maintenance in MBG.

CBNB have propagated P. drepanum by spores, 
since 1979 from one adult specimen taken from Ribeira do 
Inferno on the north coast of the island of Madeira (the 
exact location is kept confidential due to plant security  
reasons) (Lesouëf, 1999) and in July 1998 sent a total of 120 
plants propagated from this one specimen, to the island 
of Madeira. Seventy of them were reintroduced into the 
original locality (Ribeira do Inferno) and the rest were 
planted in the MBG and around the Forestry House at 
Encumeada (Lesouëf, 1999).

MBG propagated species growing at MBG using in 
vitro propagation by spores techniques described above 
in the materials and methods. It was found that spores 
started to germinate after 22 days in culture (Fig. 1B) and 
after two months, the prothallus [gametophyte stage] 
were evident in the glass flasks (Fig. 1C). After six months 
(Fig. 1D), water was added to the glass flasks, to promote 
sporophyte growth (Fig. 1E). In April 2010, MBG took 124 
of their in vitro propagated plants and reintroduced them 
into Ribeira do Inferno.

In total therefore, 194 plants were reintroduced into 
Ribeira do Inferno between July 1998 and April 2010. In 
2021, a survey of the areas where these two reintroductions 
had taken place recorded only two surviving reintroduced 
plants and noted that there was no indication of natural 
regeneration.

DISCUSSION

Conservation of threatened species combines 
both ex situ and in situ measures within an integrated 
conservation programme. Conservation in situ (e.g., natural 
area protection and management and threat abatement) 
must always be the preferred policy to protect species, 
however, in some cases human intervention and ex situ 
conservation (e.g., botanical gardens, seed or DNA banks, 
in vitro culture, reintroduction, etc.) is necessary to support 
long-term conservation.

P. drepanum is a tetraploid (n = 82) fern (Manton et 
al., 1987). Polyploid species are expected to self-fertilize 
(termed ‘selfing’) more often than diploids, because 
genome duplication initially mitigates the effects of 
genetic load. Because selfing enables a single individual 
to reproduce in a new location, this ability to self-fertilize 
may often be an important component of population 
establishment following long-distance dispersal (Flinn, 
2006). The rarity of P. drepanum, however, despite being a 
polyploidy fern, implies it is not efficient at selfing or long-
distance dispersal and colonization and conservation 
programmes should consider this.

Reintroduction is a technique to restore or establish 
plant populations to enable them to become self-
sustaining in natural habitats (Akeroyd & Jackson, 1995). It 
is the intentional movement and release of an organism 
inside its indigenous range from which it has disappeared 
(IUCN/SSC, 2013). According to IUCN/SSC (2013), 
“Conservation translocations consist of (i) reinforcement 
and reintroduction within a species’ indigenous range, 
and (ii) conservation introductions, comprising assisted 
colonisation and ecological replacement, outside 
indigenous range”. IUCN/SSC (2013) goes on to note 
that “It is increasingly recognised that, while species 
conservation remains a priority for conserving biodiversity, 
reintroduction needs to be undertaken in the context 
of the conservation and restoration of habitats and 
ecosystem services”.

In vitro methods of propagation can be used to help 
preserve endangered plants (Fay, 1992; Fernandes et al., 
1999; Maryam et al., 2014), reintroducing the propagated 
specimens to reinforce known natural populations. The in 
vitro technique, described in this paper, has proved to be 
effective in obtaining plants from spores for P. drepanum 
but the survival rate of reintroduced plants has not 
been shown to be effective in reinforcing known natural 
populations.
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Fig. 1 – In vitro germination of spores and acclimatization of P. drepanum: A – Spore source plant at MBG; B – Spores germination; 
C, D – Prothallus (gametophyte stage); E – Beginning of sporophyte; F – Plant acclimatization in green house (photos taken by the 
first author and published in Gouveia et al. (2010).
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The process of plant reintroduction combines 
the art and science of horticulture, ecology, and 
evolution (Maschinski & Albrecht, 2017). Reintroduction 
of native species has become increasingly important in 
conservation worldwide, however, many projects illustrate 
that various plant species seem to be particularly difficult 
to reintroduce and are considered as a relatively high-
risk, high-cost activity (Godefroid et al., 2011). Although 
early efforts to reintroduce plants into the wild often 
suffered from failure (Falk et al., 1996), practitioners have 
since refined the practice of reintroduction and shared 
their experiences of success and failure for the sake of 
improving future practice (Maschinski & Haskins, 2012).

A number of factors can be considered to improve 
plant reintroductions, namely: propagule material type 
(e.g. spore, sporophyte, etc.); number of individuals 
reintroduced, provenance of material introduced, and 
demographic status of source population, introduction 
method and management of out-planting sites (Godefroid et 
al., 2011). In determining sites for plant reintroductions, the 
focus must be placed on defining the former distribution 
borders and historical habitat of species (Gorbunov et al., 
2008), but should satisfy the same conditions (Akeroyd & 
Jackson, 1995; Gorbunov et al., 2008; IUCN/SSC, 2013; Soorae, 
2013).

Considering possible shortcomings in the two 
reintroductions of P. drepanum in 1998 and 2010, it could 
help to define what could be improved for outcomes that 
are more successful. Godefroid et al. (2011) suggests that 
reproductive failure and genetic decline in reintroduced 
populations is likely to accelerate in subsequent 
generations. The fact that all specimens reintroduced at 
Ribeira do Inferno in 1998 and 2010 originated from one 
single founding individual, may be considered sub-optimal 
and it is recommended that future reintroductions ensure 
the specimens are propagated from different natural 
origins. 

Future reintroductions should also consider 
establishing populations with greater than 50 plants, with 
relatively high planting densities (Maschinski & Haskins, 2012).  
Additionally, since this species has a global population that 
is fragmented and isolated, with less than 50 individuals in 
total, a review or study its genetic information to inform 
future reintroductions, may help improve the process 
(Maschinski & Albrecht, 2017).

Overall it is noted that reintroduction as a means of 
restoring or increasing the viability of plant populations 
is not an easy exercise. The whole procedure may take 
many years, is time consuming and is expensive (Akeroyd 

& Jackson, 1995). Setting clearly defined success criteria, 
ensuring sufficient monitoring over the years and having 
adequate documentation, may all help improve the 
design of future reintroductions (Godefroid et al., 2011). This 
paper helps document reintroductions of P. drepanum 
and make some observations and recommendations. It is 
hoped that this might facilitate improved success of future 
reintroductions of this species.
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