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INTRODUCTION Trejo et al. 2004, Mehltreter 2010, Ibars & Estrelles 

2012, Gupta et al. 2013).

Spores of ferns and lycophytes are released from Members of Isoetaceae originated in Triassic, ca. 

the sporangia on maturity. Some of them germinate soon 250 million years ago (Retallack 1997). Isoetes is the 

if they land on appropriate environment, whereas the only extant genus of Isoetaceae, with 150–200 species, 

others may be buried underground, become dormant and all perennial, aquatic, and retaining grass-like 

form “spore bank”. If the soil is disturbed, the spores morphology through its evolutionary history (Vöge 

from the spore bank germinate on receiving proper 1999, Taylor & Hickey 1992, Hoot & Taylor 2001). 

conditions, especially the light and water. Many populations of these simple, evolutionary unique 

Since the soil spore bank was first demonstrated by plants (Liu et al. 2004), however, has been declining 

Pérez-García et al. (1982), it has been proposed by because of the destruction of their habitats, and Isoetes 

several investigators that the disappeared ferns can be taiwanensie DeVol is one of them (Wang et al. 2012). 

revived in the original habitat and their genetic diversity The Dream Lake (N25° 10'00.82", E121°

can be increased (e.g., Hamilton 1988, Dyer & Lindsay 33'36.70", alt. 877 m; Fig. 1) is the only location of 

1992, 1996, Dyer 1994, Schneller 1998, Simabukuro et Isoetes taiwanensis. The area of this lake is small 
2al. 1999, Estrelles et al. 2001, Ranal 2003, Ramirez- (<4,000 m ) and decreasing due to soil accumulation 
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ABSTRACT

The Dream Lake, located in the Yangmingshan National Park, northern Taiwan, is the only habitat of Isoetes 

taiwanensis DeVol. Because of the unstable condition of the habitat and the competition of associated plants, this 

species is evaluated as critically endangered according to the categories and criteria of the IUCN Red List of 

Threatened Species. The soil with spores of I. taiwanensis wherein from different localities of the Dream Lake were 

sampled and cultured. The sporophytes of this species appeared after 20 days culture. Eighty two percent of young 

sporophytes produced in 50 days culture, and no sporophytes occurred after 80 days. The mean production time of 

young sporophyte was 43 days. More sporophytes of I. taiwanensis occurred from the soil of upper layers and central 

plots of the Lake. However, there is no significant difference among different layers and among different plots 

probably due to the mixing distribution of different-age spores by soil disturbance. This study indicates the possibility 

of conservation and restoration of this species by using its spores from the soil spore bank.

Keywords: Dream Lake, lycophyte, restoration, Taiwan, threatened plant.



(Huang et al. 1988, Chen 2007). Owing to vegetation by water. Six plots, 10 cm × 10 cm each, were set from 

succession, populations of other plants, such as the margin to the center of the Lake, 10 m separately 

Schoenoplectus mucronatus (L.), Palla subsp. robustus each (Fig. 1). From each plot, soil was dug downwards 

(Miq.) T. Koyama and Miscanthus sinensis Anderss from the  surface, ca. 300 g at each 10 cm depth to 50 cm 

var. glaber (Nakai) J. T. Lee is increasing and affecting deep. There were 30 soil samples. The coverage of 

the growth of I. taiwanensis, which is a critically standing plants from each plot was calculated by 

endangered species (Wang et al. 2012). During course of analyzing images taken by a camera (Canon, Power 

the present study, the soil of the Dream Lake was Shot G10) from the top of each plot before soil being 

sampled. The number of viable spores of I. taiwanensis sampled. 

from different localities and depth was evaluated for Each sampled soil was laid on a transparent 

finding out the possibility of soil spore bank as a source container (114 cm × 86 cm × 65 cm, Phytatray II, Sigma) 
2for conservation and restoration. with 2 cm depth (with ca. 98 cm  surface area). Plant 

debris, including the sporophytes of I. taiwanensis, in 
MATERIAL & METHODS the soil was removed. Megaspores mixed with 

microspores of I. taiwanensis were cultured together 
The soil of the Dream Lake was sampled in August, with sampled soil under LED white fluorescent 

-2 -1 -12010, when more than 90 % of the lake was not covered illumination of 24 μmole m s  for 12 h d  (LI-COR, 

plants produced in 80 days of culture and no more light meter, LI-250A). The daily temperature ranged 
sporophyte developed after this (Fig. 2). No other plant between 23-30 ℃. Water was weekly poured into these 
species was found in the cultures.containers to cover the soil by 2 cm. Gametophytes were 

not found before culture under microscopic view (Leica, 

Wild M8).

The number of young sporophytes of I. 

taiwanensis developed was recorded every ten days until 

no more new sporophytes were produced. The mean 

production time (MPT) of young sporophytes was 

calculated as MPT = (Σn ti)/N (modified from Kotowski i

1962), where n  is sporophyte number produced in the i

day t , N is the total number of sporophyte produced. i

The number of sporophytes and MPTs were 

analyzed by one-way ANOVA to calculate the 
Fig. 2—The numbers of young sporophytes of Isoetes 

significance of means among different samples. Fisher's taiwanensis produced during the culture. Column: the 
least significant difference LSD) post-hoc test was used individual numbers at different culture intervals. Line: 
(p > 0.05) to identify statistically homogeneous groups the accumulated individual numbers during the culture. 
from sample mean. In addition, Spearman rank 

The development of sporophytes in the cultures 
correlation coefficient (r ) was used to estimate the s was variable among different plots. However, the 
relation between the numbers of sporophytes with soil 

differences were not significant due to the big standard 
depth/total standing vegetation coverage.

errors (Table 1, Fig. 3). Similarly, the numbers of 

sporophytes produced from the soil of different depth 
RESULTS

were also variable but were not significantly differently 

either (Table 1, Fig. 4). During the 90 days culture, 
Young sporophytes of I. taiwanensis began to 

sporophytes failed to develop in nine out of  30 samples. 
appear after 20 days of culture. They developed quickly 

Most of those sampled soil were collected from the 
in  the 21–50 days old culture (51–113 plants/10 days), 

deeper localities (7 samples located >30 cm). The 
and  a total of 304 plants (82 %) formed in 50 days. The 

number of young sporophyte developed was highly 
production of sporophytes slowed down during 51–80 

variable in other 21 samples (1 vs. 80) (Table 1). In 
days old cultures (13–30 plants/10 days). A total of 370 

 (

Fig. 1 A & B— Dream Lake, the location of Isoetes taiwanensis. A: Taiwan map. B: Sampling plots in the Dream 
Lake.

Table 1—The vegetation coverage (%) of sampling plots and number of sporophytes of Isoetes taiwanensis produced 
by the culturing sampled soil.

Plots

I II III IV V VI Total Mean±sd

Coverage of all plants 94 48 51 11 77 24

Coverage of I. taiwanensis 94 48 51 0 1 4

  0-10 2 2 36 8 35 5 88 14.7±16.3

11-20 8 14 2 80 0 72 176 29.3±36.6 

21-30 1 41 0 23 2 28 95 15.8±17.3 

31-40 0 4 0 2 0 0 6 1.0±1.7 

41-50 0 0 1 0 2 2 5 0.8±1.0 

Total 11 61 39 113 39 107 370

Mean±sd 2.2±3.3 12.2±17.0 7.8±15.8 22.6±33.3 7.8±15.2 21.4±30.4
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general, the number of sporophyte produced was low in Total standing vegetation coverage on the 

the soil samples collected from the deeper plots but was investigated plots was 11–94 % (Table 1). There was no 

not significantly related (r =－0.70, p > 0.05). significant correlation between coverage percentage s

The MPTs of young sporophytes of I. taiwanensis with the number of young sporophytes of I. taiwanensis 

were significantly different among the samples of produced from the cultures of the sampled soil (r = －s 

different plots, within the shortest time (34 days) at plot 0.35, p > 0.05). Only I. taiwanensis plants were recorded 

(Fig. 5). They were also significantly different among in plots I-III, with coverage of 94, 48, 51 %, respectively. 

soil samples of different depth (Fig. 6). The production At the center locality, plots IV–VI, Schoenoplectus 

of sporophytes in the samples of deeper soil took more mucronatus subsp. robustus was dominant, whereas I. 

time than in those of upper soil. taiwanensis covered only 0, 1, 4%, respectively (Table 

1). The coverage of I. taiwanensis is not significantly 6.83/g. This may be due to use of 2 cm deep soil for the 
related to the number of sporophytes produced in the soil culture and number of megaspores probably remained 
samples of the same plot (r = - 0.06, p > 0.05). buried and inhibited their germination. Moreover, the s

components and their abundance of a spore bank are 
DISCUSSION dynamic because of the continuous recruit and 

destruction including eating by earthworm (Peck et al. 
Soil spore banks have been proposed to be a 1990, Raffaele 1996). Therefore, sampling in different 

complementary way in conserving rare ferns (Dyer & seasons/year might harvest variable number of spores of 
Lindsay 1992, 1996, Dyer 1994, Ramirez-Trejo et al. different species which affected the results of culture 
2004). In practical situation, a critical concern is how (Hock et al. 2006).
many viable spores remain in the soil spore bank. Taylor & Luebke (1986) observed that spores of I. 
Because of their tiny sizes (30-80 μm), fern spores are echinospora require vernalization for the induction of 
difficult to be separated from soil for culture, especially germination which accelerates germination and 
those of aquatic species. The viability is usually sporophyte formation. However, the spores of the other 
estimated by the sporophyte production from the species (I. acadiensis, I. engelmannii, I. hieroglyphica, 
sampled soil which is laid at appropriate culture I. macrospore, I. riparia, and I. tuckermanii) germinate 
condition. For example, Milberg (1991) discovered the without cold treatment. Whether vernalization which 
formation of 57,000-170,000 fern gametophytes by might be accelerating spore germination of I. 

2
culturing 1m  soil from central Switzerland; Ramirez- taiwanensis takes place in the soil bank needs to be 
Trejo et al. (2004) estimated 32.7–72.9 viable spores by studied. 
culturing 50 g soil of a forest of central Mexico.  Chang (2006) observed that sporophytes of I. 

The estimation of spore viability in heterosporous taiwanensis usually occurred in the culture medium 
ferns or lycophytes, is more difficult, as compared with samples collected from 10 cm upper plot. Similarly, 
the homosporous species. Isoetes taiwanensis is a results of present study show that sporophyte 
diploidy heterosporous lycophyte (Chang & Hsu 1977, production by spore culture is more in the sampls of soil 
Peng et al. 1986) and produces sporophytes sexually collected from the upper layers (30 cm from the surface 
(Huang et al. 1988). Its microspores are very tiny (< 30 downwards). To retain a suitable habitat for the growth 
μm) and difficult to be observed in the soil. In the present of I. taiwanensis, the staff members and volunteers of 
study, soil (with micro- and megaspores) was collected Yangminshan National Park have removed other plants 
from the original habitat of I. taiwanensis and the from the Lake several times during the past decade. 
number of sporophytes produced was counted as the This kind of management promoted the recovery of I. 
number of “viable megaspores” which are capable of taiwanensis sporophytes but also disturbed the soil 
geminating into a female gametophyte which resulting in number of the viable spore which is not 
successfully fertilize and produces a sporophyte. The significantly different from different layers of soil. 
fertilization needs “viable spermazoid” produced by Spore viability decreases along the storage time, 
male gametophytes derived from “viable micropores”. and spore germination time is also delayed accordingly 
These viable microspores are likely existed in the (Smith & Robinson 1975). The sporophyte MPT of I. 
sampled soil, especially in the layers below 10 cm depth, taiwanensis is smaller in the culture medium collected 
but might also be produced by fresh sporophytes, from upper layers and central part of soil. This 
especially in the surface layer of soil. suggests that higher proportions of spores are fresh at 

Results of present study show that the highest these localities. However, again, the management of 
number of viable megaspores (at plot IV, 11-20 cm the Lake causes soil disturbance and results in the 

2
depth) was 0.82/cm  or 0.27/g of soil. This number is far mixing of spores of different ages from different 
below the previous study by Chang (2001) who found spots/layers. 

Fig. 3—The individual number of young sporophyte of 
Isoetes taiwanensis produced during the 90 days culture 
of soil from different plots of the Dream Lake. 

Fig. 4—The individual number of young sporophyte of 
Isoetes taiwanensis produced during the 90 days culture 
of different layers of soil from the Dream Lake. 

Fig 5—The mean production time of young sporophyte 
of Isoetes taiwanensis produced during the 90 days 
culture of soil from different plots of the Dream Lake. 
Means with the same letter are not significantly different 
(p < 0.05; LSD test).

Fig. 6—The mean production time of young sporophyte 
of Isoetes taiwanensis produced during the 90 days 
culture of different layers of soil from the Dream Lake. 
Means with the same letter are not significantly different 
(p < 0.05; LSD test).
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