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CONSERVATION OF ENDANGERED FERNS, ARCHANGIOPTERIS SOMAI AND A. ITOI

(MARATTIACEAE: PTERIDOPHYTA), BY PROPAGATION FROM THEIR STIPULES

Wen-Liang Chiou*, Yao-Moan Huang, and Chun-Ming Chen

Division of Forest Biology, Taiwan Forestry Research Institute

Archangiopteris somai Hayata and A. itoi Shieh are two endemic ferns of Taiwan and are
categorized into endangered and critically endangered species, respectively. Five fresh
stipules were stripped from each of 10 sporophytes of 4. somai and A. itoi, growing in
Wu-lai, northern Taiwan, and totally 50 stipules were used in each species. These stipules
were rinsed 3 minutes with clean water and put on the medium (4:1, soil: peat moss) under
room temperature and fluorescent light (12 hours/day). After one-year culture, plantlets were
produced from 40% and 90 % of stipules of 4. somai and A. itoi, respectively. The average
sprouting rate and time needed to sprout of these two species were not significant differences
among stipules of various sizes of stem. The stipule sizes were not significantly different
between the sprouting and non-sprouting stipules. Those average time needed to sprout were

very low (4. somai) or not (A. itoi) related to their stipule sizes. The growth of the stripped



mother plants is not affected by removing those stipules comparing to the last year and to the
control plants. The simple practical way of stipule propagation of these two species

efficiently provides a selection for horticulture, ex situ conservation, and in situ restoration.

Key words: Archangiopteris itoi, Archangiopteris somai, conservation, Marattiaceae,

endangered plants, stipule propagation, Pteridophyte, reproduction.

*: Corresponding author: chiou@tfri.gov.tw
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Introduction

Archangiopteris Christ and Gies. is recognized as one of the ancient lineages of
pteridophytes. Eleven species of Archangiopteris are distributed in southeast China, northern
Vietnam, and Taiwan (Ching, 1958). Most taxa are endemic in the above areas. The origin of
Archangiopteris can be traced back to the Middle Jurassic period, based on fossil records
(Hill & Camus, 1986). This genus is phylogenetically closely related to Angiopteris Hoffm.,
another marattialean genus endemic to Southeast Asia, and Protomarattia Hayata, distributed
in a limited range of northern Vietnam (Hayata, 1919; Chang, 1975). Extant species of these
genera represent relics of an ancient lineage that evolved through several glaciation and
vicariance events. As a relic taxon, Archangiopteris provides valuable information for
unveiling the evolutionary history of eusporangiate ferns. However, not much attention has
been paid to them until recently (Hsu et al., 2000; Chiang et al., 2002). Even more, many of
them are at rare or endangered status in terms of the conservation criteria.

Two Archangiopteris, A. somai Hayata and A. itoi Shieh, have been documented in
Taiwan (DeVol & Shieh, 1994). Both species are endemic and categorized into endangered
and critically endangered species, respectively (Kuo, 1997; Moore, 2001). Only two
populations are known: one in Wulai and another one in Lienhwachi, in northern and central
Taiwan, respectively. However, the population of 4. ifoi in Lienhwachi has never been found
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since the species was first published. The population size and number of both species are
strictly limited. Individuals are estimated less than 1,000 for 4. somai and less than 100 for A4.
itoi (personal investigation). The gametophyte growth is very slow for 4. somai, and only
about 1% of them produced sporophytes after 2.5-year gametophyte-cultures (Chiou and
Huang, unpublished). For A. itoi, no any spore germination or gametophyte culture has been
documented. Tissue cultures of sporophytes of these 2 species have not been reported. In the
field, the young sporophytes are very rare. All these cause a severe conservation issue. To
conserve these 2 endangered ferns, we then tried to propagate them by using their stipules, as
some horticulturists used in other Marattiaceae (Hoshizaki and Moran, 2001; Jones, 1987).
The sprouting rate and time needed to sprout were observed. The influence of stem sizes and
stipule sizes on the sprouting is analyzed. Morphology of young fronds was studied to assist

further investigation in the field. Results provide a practicable method for their horticulture

and conservation.
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Materials and methods

Because of such a rare status of Archangiopteris somai and A. itoi, any resource used
for experiment and propagation is needed to be very careful. We first tried to stripped
above-soil stipules but found they were such strictly tightened on their stems. To avoid
damaging the “mother plants”, underground stipules, which were relatively loosely tightened,
were stripped from their sporophytes of the population in Wulai. Five stipules from one
sporophyte and 10 sporophytes of each species were sampled. Fresh stipules were sealed in
plastic bags right after being stripped to avoid over evaporation. These stipules were rinsed 3
minutes with clean water and lay on and half covered by the medium (4:1, soil: peat moss) in
plastic boxes as soon as they were brought to the laboratory. All cultures were maintained
under white fluorescent illumination at about 24 ¢ mole m™s™, 12 h/d and the temperature
was between 20 and 287C.

To understand if sprouting was affected by the status of the mother plant and stipule,
diameter of the stem and stipule size (width x length) were measured (Table 1). Stipule
sprouting rates were counted every month for 1 year. The plants of which stipules were

stripped were monitored through out the experiment to see if such treatments would damage

their growth.



Results

The sizes of stem and stipules of Archangiopteris itoi were significant larger than
which of 4. somai. Stipules began to sprout plantlets at 3 and 4 months after being cultured
for A. itoi and A. somai, respectively. After 7 months of culture, the sprouting rate of 4. itoi
stipules reached to 90 % and did not increase anymore thereafter during one-year culture. On
the other hand, the sprouting rate of 4. somai continuously increased little by little and
reached to 40 % after one-year culture (Fig. 1). The stiplues of 4. iroi not only had a
significantly higher sprouting rate but also needed a shorter time to sprout plantlets than that
of A. somai (Table 1).

The sprouting rates of stipules being stripped from different stem sizes did not show
significant difference for both 4. somai and A. itoi, although there was a trend of a higher
sprouting rate of stipules being stripped from the smaller stem of 4. somai. Moreover, the
average time needed to sprout of various stem sizes of both species were not significantly
different although the stipules of the smaller stems of 4. somai tended to sprout earlier (Table
2).

Whether the stipule size affecting plantlet emergence is also inspected. Results show
that stipule sizes were not significantly different between the sprouting and non-sprouting
ones in both species (Table 3). There is a weak negative correlation between the stipule size
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and time needed to sprout of 4. somai, whereas which of 4. ifoi is not significant (Fig. 2).
Seventy five percent of the first emerged fronds from 4. somai stipules were single
frond, whereas 93 % of them were with 1 to 3 pairs of pinnate in A4. itoi (Table 4). All plants
of which stipules were stripped for this study were no obvious damage during the next year.
The growth and other phonological characteristics such as the number of new frond
emergence and season of spore production were similar to which of the year before stripping

their stipules and similar to which their stipules were not stripped (data not shown).

Discussion

Expansion of stipule buds of Danaea wendlandii, a species of another genus of
Marattiaceae, is rarely seen in the field (Sharpe & Jernstedt 1991). The same situation
occurred in these two studied species. Stipules have been used to artificially produce
offspring of this family. Stipules cut from living fronds were suggested in some marattialean
species (Jones, 1987). In A. somai and A. itoi, however, only 2~5 fronds were produced in
one sporophyte each year. Any living frond cutting may seriously damage the plant
unexpectedly. In this study, we used underground stipules which did not bear any living
frond and relatively easy to be stripped. Results show that those underground stipules are
capable of sprouting and producing plantlets well, neither damaging living fronds nor
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affecting phenological characteristics of their mother plants in the subsequent year.

The fact that no significant difference of sprouting rates and time needed to sprout
among stipules being stripped from different stem sizes suggests that the underground
stipules of different sizes of stem have the same capability of producing plantlets, at least in
the stem size range we used. However, due to population limitation and conservation concern,
only 10 plants of each species were used in this study. More duplicates may lead different
results, especially in 4. somai of which average sprouting rate of stipules from 3-cm stem
was about 2 times of other treatment and time needed for sprouting was one month shorter
too. Thus stipules of 3-cm stem of 4. somai are still suggested to be selected first for
artificial propagation if materials are limited. On the other hand, the sprouting rates of A. iroi
were high up to 90% and the time needed to sprout was no more than 7 months. It suggests
that the selection of stem size is not so relevant in this species.

Similar to the stem size, the stipule size is not very either related to the sprouting rate
or time needed to sprout for these 2 ferns. Thus the consideration of stipule sizes is not so
important in terms of their vegetative propagation.

Spores are usually to be used for fern propagation naturally and artificially. When the
spore source is limited, vegetative propagation is used. Budding of fronds is the most
common way of vegetative propagation in ferns. Tissue culture is also applied in artificial

vegetative propagation of ferns. For A. somai, gametophytes are able to be produced
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successfully from spores but grow very slowly. During 2.5 year only about 1% offspring
sporophytes occurred in our multi-spore cultures (unpublished). For 4. itoi, no report
regarding to its spore germination has been found, and we are not able to make them
germinated either. Tissue culture of these 2 species was tried but not successful, mainly due
to strictly insufficient materials both in the wild and in the greenhouses or gardens (Gen
Chang, personal communication). Stipule culture provides a feasible method to increase
plantlets efficiently for materials of the tissue culture and for conservation of both in situ and
ex situ, e.g., in botanical garden (Ranker, 1994). For some other rare Marattiaceae species,
this method may also facilitate their propagation and conservation.

Another advantage of the stipule culture is to have plants matured earlier, comparing to
the spore culture. The first frond of sporophytes reproduced from gametophytes is usually
single frond. Plantlets reproduced from stipule cultures had a quarter of 1~2 pairs of pinnate
and 93 % of them with 1~3 pairs of pinnate for 4. somai and A. itoi, respectively. In other
words, those plantlets with various pairs of pinnate will grow faster and achieve mature stage
earlier than those only with single frond. This condition is favourable to the subsequent
horticulture, ex situ conservation and in situ restoration.

Disadvantage of vegetative cultures is the arrest of their gene diversity. The genetic
diversities of these two ferns are unexpected high, from the evidence of the A7PB-RBCL

intergenic spacer of chloroplast DNA (Chiang et al., 2002). Thus plantlets produced from
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stipules of different plants are able to promote the maintenance of their various genetic
diversities.

A limitation of stipule cultures has to be addressed, however. Only 2~5 fronds were
produced one year in each sporophyte for both of these species (unpublished). It means only
2~5 stipules will be added to an individual plant each year. Besides, how long of those
stipules could survive is not clear. Obviously number of stipules stripped needs to be very

careful and cannot be cut unlimitedly.
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Table 1. Sizes of stem and stipules, sprouting rates and time to sprout of Archangiopteris

somai and A. itoi.

A. somai A. itoi t-test”)

Diameter of stem (cm) 4.14+0.9 8.611.9 **
Stipule size

Width (cm) 1.7+0.3 2.7+0.6 ok

Length (cm) 2.310.4 3.440.5 *x

Width x Length 39413 9.243.0 ok
Sprouting rate (%) 40.2421.1 90.0+4.1 o
Sprouting time (mo) 72824 4.6+1.1 *k

!: Significant differences (P value < 0.01) appear in all compared items of these 2 ferns.
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Table 2. The average sprouting rates and time needed to sprout of stipules from various stem

sizes of Archangiopteris somai and A. itoi.

A. somai
Diameter of stem (cm) 3(N=3) 4(N=2) 5(N=5)
Sprouting rate (%)" 60 30 32
(40-80)Y  (0-60)  (0-60)
Time needed to sprout (mo)” 6.1 7.0 8.4
4-12) (6-8) (6-11)
A. itoi

Diameter of stem (cm) 6 (N=1) 7 (N=1) 8 (N=4) 9 (N=2) 10 (N=1) 13 (N=1)

Sprouting rate (%) 100 60 95 90 80 100
Time needed to sprout 3.8 5.3 4.6 4.6 4.8 5.2
(mo)”

1234). No significant difference of the same row in t-test.

% Number in the parenthesis shows the range.
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Table 3. Stipule size of various sprouting status of Archangiopteris somai and 4. itoi.

Species 1. A. itoi 2. A. somai

Sprouting status" a b t-test a b c t-test
Stipule size (cm®) 9.343.0 7.6%1.7 ns  3.541.1 44414 3.7+1.5 ns
Stipule number 45 5 20 24 6

D: a = sprouting stipules, b = non-sprouting stipules which died after 1 year culture, ¢ =

non-sprouting stipules which were alive after 1 year culture.

Table 4. Types of the first frond emerged from stipules of Archangiopteris somai and A. itoi.

% A. somai A. itoi
Single frond 75 7
Frond with one-pair pinnate 20 51
Frond with two-pair pinnate 5 31
Frond with three-pair pinnate 0 11
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Fig. 1. Sprouting rates (left axis, column) per month and accumulative sprouting rates (right

axis, curve) in one-year culture of stipules of Archangiopteris somai (gray) and A. itoi

(black).
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Fig. 2. Correlation between stipule size (width x length) and time needed for plantlet

emergence in Archangiopteris somai (up) and A. itoi (low).
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